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Abstract: ATP-binding cassette (ABC) transporters are a large family of transmembrane proteins with
diverse functions, they are widely present in various organelles of prokaryotic and eukaryotic organisms
and are responsible for the transmembrane transport of various substances, thereby regulating a series of
life activities. In recent years, more and more types and functions of ABC transporters have been re-
ported, however, the potential members and functions of the ABC protein family are still worthy of fur-
ther exploration. The number, domains, functions, and research methods of ABC transporters in differ-
ent species are reviewed, as well as their participation in regulating the multidrug resistance of plant
pathogens are discussed. Besides, the management strategies for multidrug resistance of plant pathogens
are also prospected.
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EEEAEY MR A YT, ABC(ATP-binding  S5/EWKRZFiE i il ## (Lane et al., 2016) . 1£
cassette) ¥ 12 85 2 H AT A MR KL 5K WELaY AW LAY, ABC §%ia 35 1 K%
Z — , Ho3E ok g % IR = W5 7R (adenosine triphos-  #5iz WE W )12, AMUS 5 4N EVEH (Jenness et
phate, ATP) Bl Y RE X AU FG & 262 .2 K .25 al.,2019; Orelle et al., 2019; Lusvarghi et al., 2020) ,
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(BX ) A2 21,2012 ; Chen et al., 2016; Fletcher et
al.,2016) . Kk, 20 1A [FDFh T ABC i iz i
FI I Z5 A R BE , RHE ST AR D0 I e 22 25 b it & A=
B S H o) 2 25 A e a A 2

1 ABCH#IZE HRIHE LI

AR Fh ] ABC %32 8 B BUR AATE 22 57
A ZE M AF % Bacillus subtilis . 4> o5 {0 %8 28 BR
Staphylococcus aureus Fl K I #F & Escherichia coli
SR AW A 23K 30 MEUE 25 H) ABC §in i
[ (Paulsen et al., 2001 ; Hassan et al., 2007 ; Orelle et
al.,2019) , Hikx 4t ABC #%iz & FAF(E 5 F AT fiE
0 A B A YRR It Arabidopsis thaliana
A 1314 ABC ¥eiz # 1, Hor il i 250~1 800 4
FIEFRI L (RBEE,2012) , 1 AZEFE R 2 A 484>
ABC #5125 H B Z 5 %, 51 (Dean et al., 2001) ; FLF#
FERI AR & A — B B ) ABC s 8 I 4wt 3 A
ISR o hvam e oD T R TR 2R A 7127 S SIES A% S
S [R] 4 it 25 # v (Klein et al., 2011) ; BRI i H: Sac-
charomyces cerevisiae FEH 21 HLA 30 1~ 4ihs ABC #%
B E M3 (Grechko et al., 2020) 5 11 75 RS 5 0 78
Magnaporthe oryzae 1 2. 28 & B 50 4~ € ABC #%;
5 3 AR, B4 S ABC-A L ABC-B, ABC-C,
ABC-D. ABC-E. ABC-F. ABC-G. ABC-I A
YDRO6 1w-like JLA>AS [/ 1 2 12 5K % (Kim et al.,
2013) ; JK 5 % 1 Botrytis cinerea " AF1E 14 Y iy
ABC #1245 M AY3E A (Vermeulen et al.,2001) -

BARN[F Y Fh ] ABC 12 85 F B BUR A7 AE 2
St (RHEE A I B —E AR | [R) 524 309%~
40% (Higgins, 1992) , HAZ O b #6175 & BE B K
P4 I J5 235+ 58, (transmembrane domain, TMD) Fl {4
SERIRZ R 45 A 45 #4) 3% (nucleotide-binding domain,
NBD) . 4> TMD i i 6 /> 7 I A 5 5 X B
(transmembrane segment, TMS) 2 i, , TMD 1] J& i
Yz A IS 5P, NBD AL T4
J 854 FF K g ATP, h IR W) B 5 is $R AL BE &
TMD HINBD A 73 54776 T A R A JIREE L, dLAEL
AR LA B HESTE 25 6 #E — i (Orelle et al.,
2019) . WILELNT T, ABC %12 2K 11 B9 AN HE S
H1 1~ TMD 254 11~ NBD, B T0] LUE s R]iE — 23R
AR B 5 R B T XIS ) HE AT 2 32 (Oreelle et
al.,2019) ; 7E R H7r HE H , ABC Feiz s H h 24
NBD Fi1 2 /> TMD 4 i, (Stergiopoulos et al., 2002) .
1t ABC #4142 3 F A [A) 52 % (Subfamilies ) 1, NBD

A TMD L4 Fat o FIe e e, 2 F R &
R 1 SR TE L R AR, 2P0 R BT 20
Fi4h, ABC 8 (&5 A0 & DR (R SF 94
F4 Y BK BE , U Walker A (P 25 4 38 ) | Walker B #ll
Walker C(C %5434 ) (Monk & Keniya,2017).

2 ABCHIZZEBHRITIEE

ABCHriz iR et itz N ZF o, 1
548 BT ME2E T RR A SER S TCHLRA B/
I F R ERMEAREAILRIF . ABCHiaiE
HAEA e 2 SRS  NAME 55 R
AV o5 5 B A LA St I g At 3o A T A s
£ (Wilkens, 2015; EBEEREE,2017) . HAG, K T4k
HEf 12 R e i iy ) AR LA AE AR i X T
ABCHHa E R UL, VP22 F e a1 i TR R
B AL AR RS E B HA 2R, — B B 7K
FLAS WA AR | B A: W) e d A B4 5 A M 5 BT AR
i SR NEE ST RS R 5 O — PSRN Sy R Tl
BT, R iz AT LR EC o DA BEE 1) PR A2 e 22
M), %3 A2 P 75 Be it ATP /K S 8L 28 7 8
T ABC ¥ iz 8 1 1) K Z £ 58 1 (Gottesman &
Pastan, 1993 ; 45 5 45,2016)

FEUIHe Sk Uk, ABC f iz 1 o Wi AR
(LA AR PN ) RN R B 1 (P o S B0 ) TR
X, IR ABC ¥is B V7R IR A% AR ) R ELAZ A )
HRELETE i AR ABC #5188 (4 K2 BT
JF A% 4= W) (ter Beek et al., 2014) . 5 AR iz i & 4
ALY LS A RSN 505 428 Ik R R
FIEADBAC 4 (Berntsson et al., 2010) . AR HE L B4k
25 K0 RN 3z L 1Y) 22 5208 2 Type 1., Type 11
(Holland & Blight, 1999; Rees et al., 2009 ) F1HE &
4 A (energy-coupling factor, ECF) 3 fi 28 I 4% iz
M, {H ECF B % iz 25 11 19 % iz AL i oK B o
(Rempel et al.,2019) ., Type I N [n) 4% iz 5 F #5 R 45
4 3R A5 W) A 32 i BH R £ 19 ModB 5 5 X | & B,
Type 11 N [n] 12 8 [ e - 7E BtuC FIE B4 ILFT 17
Haemophilus influenzae [R5 55128 HI1471 (438 3%
85,2021) LRI, EBRAZAEY) AN AR i
AB ABC iz S A H Tz i B 32 ot , A Le A%
U R T A AR ABC #4225 F R Wkl rg 40
JHLFg 5 A B i I 2 HL T (Rice et al., 2014) , HAE
FAZAEY D AEAE , AE B A WA e T T R
+h %32 % 4 SULTR3 (Choi & Ford, 2021) [ I fE J&:
B E T U S F .
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Kovalchuk & Driessen(2010) X} ABC #%41iz 5 1
HEAT RGEHA ST, 4 B AE YA N ABCHE 5 4R
150N 8 4 & % (ABC-A~H) . It4h, Orelle et al.
(2019) X%f FL B ' ABC e is LR RGEK T
KRBT Ry 5 AN , 53 il i 44 R 227
25y 32 1 (pleiotropic drug resistance, PDR) . £ 2}
Bt M A9 5& 25 F (multidrug resistance associated pro-
tein, MDR) \ Z 254014 25 [1 (multidrug resistance pro-
tein, MRP ) /2% P4 2T 4 £k 155 i 5% 5 98 15 %3 (cystic fi-
brosis transmembrane conductance regulator, CFTR)
B R E S FRAS B A A (adrenoleukodystrophy
protein, ALDP) Fll ¥ &) 4iE < [K] + 3 (yeast elongation
factor 3, YEF3)/4Z bl 4% iR i #0 i] 57) 1 (RNase L in-
hibitor 1, RLD) WA . R EERL I, AT 4R
A IE B AN R A AR ) ABC 25 I KR B 45
FIE R oA DR SR A TIHAN, anER 1R .

3 ABCEEZERZSWES A

3 DL o 2% TR AR AP o S A B 1 A HE
R S R AR A R A 2 B A SRR S B0 A R
W B FEAIC A 06 (Sanglard, 2016) . K BE - 5% %
AH 5 [ R ok ABC S54RSS 2 38 11 9 3 Rk X 24
Y177 1 ik (Sipos & Kuchler,2006; Li et al.,2015)
U0 AE X 960 BR M TS 245 1) 11 €8 25 BR B Canidia albicans
W, A5 85% H BRI AR S BRAMHE 2 B8 1 3 R A it e 3k
(523, 2010) o ik L TRAS [], 5 A 1) ABC 5%
i 5 B0 M F 5 #4359 R TR) (Sanglard , 2016) , 1
NS B 22 25 1 (& K o R 55 i 85 TR Aspergillus
nidulans P 245 ABC #4128 45 5 HAR Ay 4b
HE A0t 25 % (Niimi et al., 1997; Andrade et al.,
2000) , ANFEBT IS Y 4 €4 2R 1 A% H PDR WF 52 1
[) CDR1 #l1 CDR2 8 [ [ ik , & BR b o $2 5
25 SMHED D 25500 AR TR AR DI R B AT = A T 4L
2% (Sanglard et al.,2009) ; 7EA4 S & B 2 /08
34~ ABC #5428 75 A A SCE IH 5 22 25 hii 1 e AU AH
XK, Horh ABC-B HAT HEARIFCHR 43 4 BRI RI SR A B
& 2 fiE (Andrade et al.,2000) , 76 22 25 MY
7oA o A R SR s ABC-D 5 S B R X B
O B IR R AT AW 2 e R 2 e H ORI B
K HUEMEA O ; ABC-G A U2 B TG , ¥ 5t
B P X R ) 1) (demethylation inhibitor, DMI) )
U E P (de Waard et al., 2006) .

L B2 SN AE D 58 S AL A A
Z 2Ptk B L, B KBV R B ABCH4iz

M AR R AR S | A I B AR TR R 22 24
PUrk A B ] 7R R A A A R AR BRI TR Myvco-
sphaerella graminicola 175 %% W Penicillium digita-
tum WP A HAE AR SO LR IR R S R
W 7 22 2550 A A0 ABC #é iz 85 1 M H w2 (R
HATHIA

ABC ¥z 8 1 1E K A 2 f6L 1) 2 25 b vk vh k42
HHEEA/EH . Stergiopoulos et al. (2002 ) iH K7 %5
A 14 4 ABC #5318 [ (BcatrA~BceatrN) , H. 1
BeatrB \BeatrD . BeatrK = /MR 5 2 45t R A
5. KAL) BeatrB 2 AT 1 439 P EILRR, H
MR ZBN I EGEACE ) , Z R G5 i S R+
mrrl [ 1E 845 (Mosbach et al.,2010) . BcatrB 5 [
2 B Az ORI 2 | gk I e A R B STV e IS %
W . Schoonbeek et al. (2001 ) i 1 M %2 BcatrB fk
I sk e R S AR AT B P s RN R Mg 2R TR
W BRI I AR BEURR A, UEBH T BeatrB 3 PRUTE A6 255 A6
2R RIME R ¥R AR, Rl R AR T

G 1915 T T, BearrB FE PR 2% 3k & W] 5 38 0n .

BeatrD £ [ 7 1 502 P2 B2 , RTIts SRR
FIM S 228 TR AT Feas ANHER VR, SR D 3R 58
TE 52 o R L 2 B R 2R B R Y5 S T g
(Hayashi et al.,2001) . BeatrK #5125 LA H % .
AL AR S R W R 5% iz |, [FE BearrK 7
5 28 A% AR X} 24 59) i JE% M 1 9 (Nakajima et al.,
2001) ., Holmes et al.(2016) i i Northern blot 734t
T I TR G TIOR8 A TR A AT 75 R BeatrK 63K
i [ . Firoz (2016) W 55 & P& Sclerotinia
sclertiorum X TR E S 85 25 1 | 57 T ik & — Y 1t T
MR AW Z BIAFAEEL B, Xl S
BeatrB £ [ 7] [7] B 2 i 2R B g 248 S — A I Jie %
AT G, 2 BeatrB FE R i FRIK I, AR [F] B 7
iz 2 AR FAPLHIAS [R] ) AR B0 28 s B ik .
RZ TR A5 T KA 4G 8 N BeatrB  BeatrD
H BeatrK Y] 1 HFIK , 38 155 X6 25550 S HE S i 1 3
5t R B AT LR TR AR P )RR Rt , DTSR A [ 4 AL
HAR B RS

RAEBKIE R A 6 1 4ifih ABC Fiz 8 11 1 5]
MgAtri~MgAtr6 (Zwiers & de Waard, 2000; Stergio-
poulos et al., 2002 ; Zwiers et al.,2007) . de Waard et
al. (2006 ) iff 57 245 - F W MgAwrl 3L R () F 3K KF 5
TR AR BRI TR TR AR X BRI et ) BB A O, oAt iz
S KRB TR SRR S W Bl ) B s A
X (Stergiopoulos et al.,2003) .
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Table 1 Distribution and functions of subfamilies of ABC transporters
W B paxiil e A, 275 3Rk
Subfamily Existence Distribution Function Characteristic Reference
ABC-A %241 F N Y S XHIRZER Heim KA AT B2 151> NBD 2544385 77 7E Wk Anjard et al.,
Full length  JiiA:=AE %5 S, N AR A YA AR 12 Ak 8 15 67 5, , 78 TMD 45 2002; Peel-
Human, plants, Great significance to the transporta- F4J3s{Aij 2 /5 I i€ 2 6] man et al.,
animals and protists  tion and metabolism of lipids, such £ 2 H [ 4l fflg /MR 2003; Dean &
as the synthesis of high-density li- ~ The presence of multiple Annilo, 2005;
K A (AR R4 poproteins phosphorylation regulatory ~ Wenzel et al.,
Half size Ancient fungi like sites following the first NBD 2007; Verrier
Batrachochytrium domain and a large extrace- et al., 2008
dendrobatidis llular loop between the first
two transmembrane helices
in the TMD
ABC-B 2y N SWAEYS S 524 PURMT. LRk B IREHB-AT IR45 545 Kispal et al,
(MDR/ 437 Human, animals and ~ IKFIEE & @25, A K AR W3 (TMD-NBD) R 1E 94 1997; Gottes-
ALDP)  Fulllength plants W AN IR BT R A e man et al.,
or half size et 250 Ttransmembrane domain- 2002; Yazaki,
Involved in multidrug resistance, nucleotide-binding domain ~ 2006; Verrier
antigen processing, mitochondrial ~ (TMD-NBD) has a forward et al., 2008;
peptides and heavy metal resistan-  topology Leeetal.,
ce; the export of auxins, secondary 2014; ter
metabolites, and xenobiotics; drug Beek et al.,
resistance in cancer cells 2014
ABC-C &4 F FEL )N EL AT Z 5NN AR CAPL KRB ENSGA 185k Songetal.,
(MRP)  Fulllength Plants and fungi R E4)E TR HEL 40, 425 AHi KX 2010; Park et
T A0 B T A SR Many, but not all contain al., 2012;
Involved in the detoxification an additional N-terminal 2014; Sousa
of toxic compounds by transport hydrophobic region etal., 2015
complex organic materials
ABC-D &4+ F  ZW) MY AN A S AR TR TMD-NBD HiE [f] Hettema et
Full length A4 Mediated the import of long-chain ~ TMD-NBD has a forward  al., 1996;
Human, plants, fatty acids topology Dawson &
animals and protists Locher,
PO T HH %) Plants 2006; Loch-
Half size er, 2016
ABC-EF 2701  HEAYANME S 5EEREANSR 5 ABC-EMABC-FIEAKE  Dongetal,
(YEF3/  Fulllength Eukaryotes and PP Rl RNA (551 B T2 Hh 2 S NBD AL, B> 2004; 2005;
RLI) archaea YRR, sl R by TR i A 5 P AR A R 35 Kispal et al.,
An essential iron-sulfur protein Lack transmembrane 2005; Koval-
required for ribosome biogenesis,  domains and consist chuk & Dries-
transcriptional regulation and solely of two NBDs sen, 2010
mRNA transport, or acting as
translation elongation factors
ABC-G &1 HZAY A3 K258 T HE A, 5Bl TMD-NBDJE O S i Wilcox et al.,
(PDR)  f7p 1 MIN AR KB T MIREAE R EH The TMD-NBD has a 2002;
Full length ~ £%5#4 An essential protein for exporting  reversed topology Hlavécek et
or half size Eukaryotes other than drug, sterol absorption and anaero- al., 2009;
animal bic growth Choi et al.,
2011
ABC-H 4247  HHK 2 5 mRNA [ b L fi BARIAZM ABCE, Liu etal.,
Full length  Fungi N5 fiv %44 TMD,{HA ABC 2001; Koval-
Involved in controlling mRNA FIGAEAE NBD &5 443, chuk & Dries-
initiation, elongation and Non-classified ABC proteins, sen, 2010
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Nakaune et al. (1998 ) X} %5 W 17 AH e 5%
25 5 i 75 PMR1 F1 PMRS (5 PMR1 B A 37% #y [A)
e 5HZ 25 ERAA G, HRA —E W E A
YEA. PMRI1 57 %5 & R4 DMIZEA B A A di i
FHOC, IF H BB R R E T 15 . PMRS 55 %
PRI DA ARG 2T WS TR 2 A T 1 2 B P e
A, I S 2 b EAC A 3 P R S PE 1A S (Na-
kaune et al.,2002)

4 ABCHIZEBHMRAE

X ABC % iz 8 1 3Rk i F 2R 5L i 20
#E & PCR (real-time quantitative PCR, RT-qPCR)
ARG I B8 R FH 2 PR 4 % - BeadE A 7 Northern blot
43 M1 (Vermeulen et al., 2001) . U1 Schoonbeek et al.
(2003) R F RT-qPCR £ AR 72 T ABC iz £ [ 3
BeatrA~BcatrK 15757 K29 B B05.10 HLA5 K B
PRIFRIR G, 7E LR v 3 2 R JE DR e R A 3Rk
Kt ABC iz 2 U6 245 70 i /b HED E i X A 4h
HET | B2 A0 247007 T A P RR R 1 AR 2 S B0 I
X 2% TR 79 A9 SO R % . Schoonbeek et al. (2003)
18 158 K 7] %) f6 WP BeatrB FE DA e 5 38 56 56 T HE X A
[i) 245 7] ) SRR AR A, 2 17T BH A 2% 35 R 24 751 A HE
IhEEJ7 1 M9 VE T ; Vermeulen et al. (2001) [A] 4 38 15
FE A R 5% 2 B BeatrB S RIS 248 25 T 70 1 1 i R
FERPIE TG MR IR . FER A SRR AR 51
G B 2 57 AR S5 A R i R FE N DD RE RS A 2 FBe .
Pan et al.(2021) 3 & [/ I 5 F R R K LKA . &
KK X B 7 2 1 itk | 1 CRISPR/cas9 4
F:11 EcABCCS [Rl R FEH OsABCCS Iy Rt i 17k
T B Rt ) SR, 3 A S0 4 B 2 A5 53 B Al
P EEAEHED ECABCCS nl g2 — 1Bl & (L i) 5 iz
B, OB i o B HE R A MA . 53 Ak, T LA
RGeS 25 A A i T o3
B, TR P 1 2 11 5 25 700 25 5 1 Dl (7 ik
i#,2013)
5 RE

ABC iz B IR E R e AT A 5 B
() LE AT S RE e I B B AR N R 2 A e B 2 5
AREFSMER ABC 8, Hoad F ik ] S BOR B K
AME, 8 E R 2 AP A E R L R
A R R R 2 25 BT E T ARG IRIR T i 2Rl
el kP | S v DN L B = A 1 i
2018) . —RUF, BV EFIALEI A BRI A BRI AN [F]

VEFIALTR A B0 A A4 BSR4 2 H TRDs 5 B e
PEVR PR F R0 (F SO 4, 2019; 25 5 e 45
2021) o B2  MERE R, iUAS &, A 21
R EOR A 2R N Z 25 hiEia B —Fh i 7
¥ AH DG BT Xof FH [R) Ji B AR 7 A 22 201
A ELAAR 5 PR R PR AR s B R A R R . X 4e
PEREAR Z 2550 TE B AN [5] it R P 25 SR s A e AN
(6], L T B A e 22 24 00 P e PR RN A/ A DG Ak
Y25 5740 HT , A LS b, X i B () B ok 22 o
ANTEIVE FHAILHI A B0 P AR R AL SR A Y 22 EE i 241
DL, T LAERE A AR A m AR Y A% B R 20 iR AT
ARG, M T O R s B Lt Rk i RE A, 75
B MTCA BRI AR TR 2 . fEREY)
95 SRR 2 TR TR BT 5T G, B X6 5 7 A ABC
12 1A ZR A 1995 i A 1 B = 45 R B 1 58 AL
PERRGEETE , 3k BRI T KA 4 161 55 22 25 h v & A
JE VR L BR A R L ELBE E A
B ia MR R FRIA 0 4 T R AR A A=Y AT A
TEVE 20 39%~8% WY BN Z2 25T A s B
T A H0 I RR: (Efferth et al.,2021) o ZSUBFIT 45
AT AR SRR 1) 2 bR BRI S

TEBE AT R B T — ZR 9 BA ARG R
Y (B R iz 2 A RS VP BT (VPSS , 2019) , K
o AN B PR SSAE E HAT —E AR IE
WS S AR G 32 2 )RR AR A AR T RR A
(BT ,2019) , I n] fE S BAB Y0 s T S M
TR T o FEY) A= ) AR S H AU
BT Z B0 SNHEI S R A P T, X e AR AL
PRGN ZRE Ty P R e is R AR
AR IEARAE T ORUE (IMIP A, 2019) o S TAEYI
J B 22 2Tk TR F AT DA S R 2 BRI U
4N Leroux & Walker (2013 ) fiff 5% & R 2k Fi7 A K 0T LA
P& 1 22 2P A A A TL A 3 TR0 00 SRR T
AR I 3 R e T (XG55, 2020a) ]
P GRS R A, 2021a) F/NEERR (XIS €55, 2021b)
) AT 5 AN [ 2831 98 % TR B I P T 4 i
22 B0 O A 2 AR TR R R 2% TR 7] ) R, T oK
BMALTEBRAZE RS Phytophthora capsici % 25301 T#
R 1 2R B HH X A T A P [T A Rl g R &%
2020b) . A X L) O SN s B A —
E R EIVE AT (0 BB 75 2k — 200, 1k
A, 0 FH A1 B AR B et XU e U , 25 5 FH 24
55 00 A W7 FH () 2 75 1 B 22 25 O P v , LS 2 i
e ARG 24507 205 0
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