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MRERFFOHEE. Kl FIRSEEMRNSEIER

FR T, A, R A

e 15 KL 4 5 PR, L B 5 A M R 5T 15000 5, B 712100
WL ACHR A2 K L (R S0 9F, B PG 3712100

T B AN R E AR A AT ST, 1L AT 5266109
b R B KA, AERT100049

E: ABAR(AM) AR H 11(Glomeromycota) i & 5 AAMAR A i) E RE AR, AMAE HAAYZ 4 &)
Foodtia, Rt AR HREERRAEE T EAERGEM, CRALLZEANEREENA, X THARLEAE
R BRI HE HRAHF S AR S RE, X TARERSSE . Kt AR SRR RITLEES
Bz Am. ARNKE, ALEAENBAMAR L T oy Lk egit £ 5 i 245 4E0) sl b, 3RITAM
FAERG TR E . Rt bR 45 SR L RBEIA]L 2T SRR A0 2 E PSR S @F -, A

ASRIZAEAR R . AMAH b5 & TAAY 34 o) A AR, A AL A F AR A KRR T A 509 B3k,

KPR AMAR; k41250 F; oKt b i

M B Al (arbuscular mycorrhiza, AM)H. 5 J& T
LIRS I T, R G I 80%%6 1) i A= 4k
TV IR BT B RS AR R, A o) 12 B
MRAEA . AME R S BRI A R # A E T
VIR A AL 2 b 2 AR e A 1)
TRV HNE LS AMELTHE, 1E W 224 KA1 K & B
5 (b ZEFNRR B, DLSE BCEL TR (1 AR 7 52 [R)INE, AM
TP B 27 FAEYS i 77 53, (R A KK
BRAEEE2014; BREE2017), 18 m i R LA
PUistE (i@ %52015). SAMEFEREILE L R)E,
W EHEY T BEAMEH H 54%~20% K005 7 ) RN
BRKALA YD (SmithFIRead 2008)F1FH 24 & 11 5 5
(Luginbuehl%52017), AME [ WK i e i 46 K
AN 3R 40452 3 (Smith FTRead 2008). [,
AMBLAAR R 3R s . RS R R Z &
HAERH ST FED WP FERRR, MG
SR VBG5S AR 3N DL AL A &
MIRAE R ok, AME S 27 £ 2 8] 15 Fia i
FR 25 70 Bl A2 FR b v B 005 2 8] 145 515 5 (Ra-
mos&52011). RN EMMARG [ fEAMILAE R
Feoitia . A A S RENLE]L, X T EREAM
HE 5% B A AEEALE, REAYIa2
W TR R e B B A I E A S bR o

1 AMEESEHFEYIEFNETAFESHAS

L1 FEXEYETHAMEENBIIE S
A LR A WA IR R TR e ) T B

A& RENE, TR/ S0 s AR A TR RE RS S
VRO 20 . SR ie 2L AR RS, B AM
H R SR R Is M R W 2 N, il
AR Ak 9 kE 5 (glycogen, Gly). =t H i (tria-
cylglycerol, TAG) S5 0E JE W0 2R M A o B T
FESR 2 Ab, 25 W EFE AME 1 A5 5t 0 2- 5 155 H-
(2-monoacylglycerol, 2-MAG) 5 /i i (JiangZ£2017;
Luginbuehl%§2017). 77 F M BE A T ik 25
X LT B2 B A TR AR A1, (EAMEC TR R I
D9 M 07 R A B A (Wewer45:2014; Tang%52016), |
=EEH AR Dy 2 E R B MR, AR IR o 4
g5 E AT RE 7 A 2 LU R B
1.2 AMEFERZHAFEEYNT RFD

AM E TR AR A1 B 22 M\ A W 5 TE LA (B FE
NH, . NO, )FITHL(PI), 7B 5 T s i
¥ IR (Arg) M1 22 SRR #h (poly-P), W= w] W [A) %
18 AR N T 22 I AR AR L, SR 5 P iR UNH, 5P
JE BEAE VAR A M e BT A2 R IR RS o A
IR A1 T 22 % 58 J I poly-P i) R 47 ~F- i Al 3 i
TALE F K . Mg™ 1M 6 7 Arg >k tf Al (Smith Al
Smith 2011). +3#rH120%~40%K % LA F 1L &4
1T AR, AMELEE AT DL A0 73 b 2 1 i R Ik g

I#s  2018-08-01 &  2018-10-24

FEHREIF I 4 (31471946) Fh BE B« A %17
(A315021449).
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Or R R A B RN R AN AN F IR R . AT
MBS F 358 h i DL PR B, AMLUEL B R4 J3 3l (1
W T T U 24 I R R TP AR Rl H AT AMISE
AR XKL Mg, Ca. Zn [z SEEWISAE T HI B 7T
R, AR LR BT8O M R A 3R B B R I, AM
BB T 22 1] IS Ca. ZnflS% 5t K (Cooper Al
Tinker 1978; JE 4 34%51989).

2 AMEESFEEMF ST =HFE

AL R TR 2 1 8 AML R e AR R
FRAMIP LB . IEH A, AR HE S5
HEATE FRYD AT 410 2 235 Fr (Harrison 2012), Ff
Honag 1 X5 2 [ & 724 51 A2 #:(Gutjahr fll Par-
niske 2017), AM . B 1= S AE VIR R E BN 2514
FHIE AL T RO a) T, RPY E AR B J22 4 o A i,
AL T 1% 1 MK 8] i (periarbuscular membrane,
PAM) 5 M L B o 5 S 99 2 T] PR DA J8 (perr-
arbuscular space) ) i ) A 48 FL 1] (Harriso%£2002),
DA S P AT A 55 AR 17 J2 441 B 5 B, AMUEL B —
A EM 2 [AUE 5 P A S B R R 1) s
BE I PR AI2100 nm TE i MR 2 (Balestrini Fl
Bonfante 2014),

= BE A I AR T 1 S AR — AN K A
VRS, T3 AR S i R i AR G 0, o A A
G5 K6 TR 210 PR 1) 2 T AR 22 0 T DA, L 4 B P 7 £,
XX T IR et A EE . AME B 78 W R 3L A
AT 78 2 — AN B IR, RS S L I
SREEYIOCE ALK, I8 12 £ A T £ (intrarad-
ical mycelium, IRM)&}/FIHE #h B 22 (extraradical
mycelium, ERM)fit B K. & A= 1 (Smith Al
Read 2008), VL& AR0N H B HoAbES B 45 #4 R 224
JRANRE R YE, XA AR m T EEYRLE R
DAL RS8N FEsR” . [, S AM B AR B AR
A AM B B W S 32 438 vR R AT LRT /B AL
TR B EAEY): AME W R H B2 /NPIAR A
2245 KT AR Z W U T AR R s 1], il H
GG T WAL TR S A o
I A M (Shus§2014), DL S 3L AR R E
Fr o3 ¥ W iE RS AR & 97 03 1 2 18 205 (K oltai
FKapulnik 2010),

AR ZF FAM R B G 75 ar L 1~3 K

ETF IR ZE 2 T, A 37 5 40 SOW L R SRR A
OB AR G B Tl . N T 4ERFILAEROR,
A EAEAH AT BL 5] R 3 2 AL ()78 fd i 72 (Gut-
jahrfiParniske 2017). PAAEIN A A VA fif BF AR
TR 45T EAEY), ML E MRS TR —14 5
NBRZR TRy — L 0 LR 7, X 5% 14
REF Il NG AT . —dE
I B BT B ik R 77 20 I a1 AT AE o A L
AM LR M2 A0 T 22 8 R BUORVEG 7% SE R F 97 0 22
R AR 2R 1 A e S T DR R R DR, BRI, A
KUTT il 570 A e A A ST R AR 57 43 AR AR < B 5 )
R o 8 A2 > e AR (L 97 I 32 A ) R ) 404 R
WA PASE TR 43 (R R B 0a i, 38 V7% 40 2 Dl
G S 7R DA 2 /0 A < AR 3 R 380 R A 3=
T4 (PumplinfllHarrison 2009), AMILA A XUy
S )N R NE (N w3 e N
JoT AT RTS8 7 43 28 A A 5 ) B A as S L
EREVE L SEAITVE AR 2 Th Re AN 7] 1) 2 18 AR F B
IEF ) AR TR 70 A/ B A R S
AE AR S io K, B e R AT DL B s e
755y BN Gy T A WL (B T ST B B H - AT-
Pase i VEFR /R B 385 7)), "B AT 208 Boif £
JE | AME B —HEY) 2 18 BAE Jd B 4 5 5% 4 A2 4k
)45 R (CasieriZ£2013).

3 AMELE R F S SRR

3.1 HAE PR IE SR

TERZ Y, A B CLRERE Y il ) B
O TR A RIS BIARE . AM
AR AR i B e, AN BT R K6 A 4 2R
W (Rich452017), AME T € G N 1 & 44
W ()RR T 5 P LA M H) B S S K B 2 R, (RN AR
B I A BEAR ZR LR RS 4% 12 A (sucrose trans-
porters, SUTs)[¥] X34 (Boldt%:2011; Doidy%%
2012), FEWELET) K B E A Sz 2 A 40 i i A%
w52 SUTS 1 7™ k% 2 - £ B JRE B 10 7 R (e 1R
H TR IR, B AME B JC R o) R S T, TR
W53 ARAE 27 T AE 4 M 2E 4T (Schubert552004) .
T ERE B (Glomus versiforme) € JAE 7 F 4R f )=
A ) OB R IE AR (Mitst 1) R IE BN 1 2~44,
Hhy 1R 25 ) Rk BB T = (Harrison 1996),
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Rl W ERDAAME B A & AR I8 1 e 1 531

Table 1 Symbiosis-specific transporters and ion channels from host plants and AM fungi

LA B IR R IR SRR PN
2 FAEY) b MtStl PERE 15 (Medicago truncatula) Harrison (1996)
MtSut, MtHex 1 Gaude5(2012)
MtSUT1-1, MtSUT2, MtSUT4-1 Doidy%(2012)
SUTI, SUT2, SUT4 & if(Lycopersicon esculentum) BoldtZE(2011)
SWEETs L E4 % (Solanum tuberosum) Manck-GotzenbergerfIRequena
(2016)
i1 STR/STR2 PERE 15 (Medicago truncatula) ZhangZ£(2010); JiangZ5(2017)
STR1/STR2 IKHE(Oryza sativa) Gutjahr25(2012)
R StPT3 L E4 % (Solanum tuberosum) RauschZ£(2001)
MtPT4 PERE 15 (Medicago truncatula) HarrisonZ(2002); JavotZE(2007)
MtPT4, 8 Breuillin-SessomsZ£(2015)
LePT4 & fif(Lycopersicon esculentum) NagyZ5(2005); XuZE(2007)
LePT3, LePT4, LePT5 ChenZ:(2014)
OsPT11 IKFE(Oryza sativa) PaszkowskiZ£(2002); YangZ(2012)
LjPT4 T KAR (Lotus japonicus) VolpeZ5(2015)
PhPT5 &7 (Petunia hybrid) BreuillinZ:(2010)
BEAR AMT2;3, AMT2:4, AMT2;5 PEREE 15 (Medicago truncatula) Breuillin-SessomsZ£(2015)
LjAMT2;2 T RKAR (Lotus japonicas) Guether4%(2009b)
LeAMT4, LeAMT5 & if(Lycopersicon esculentum) RuzickaZ£(2012)
SbAMT3;1, SbDAMT4 E1 4 (Sorghum bicolor) KoegelZ£(2013)
GmAMT1.4, GmAMT3.1, KE.(Glycine max) KobaeZ5(2010)
GmAMT4.1, GmAMT4.3,
GmAMT4.4
THRAR NRT2 & if(Lycopersicon esculentum) HildebrandtZ:(2002)
PERE 15 (Medicago truncatula) HohnjecZ£(2005)
T KAR (Lotus japonicas) GuetherZ5(2009a)
SR LjAAPs T kAR (Lotus japonicas) Guether4%(2009a)
LjLHTI1.2 GuetherZ5(2011)
il Cation/H" exchanger PERE 1E (Medicago truncatula) GarciaZF(2017)
K" transpoerter T KAR (Lotus japonicas) GuetherZ5(2009a)
5 Ca®' channel PR E 15 (Medicago truncatula) BeneditoAllUdvardi (2010)
fiit MtSultrl;2 PERE 15 (Medicago truncatula) CasieriZ£(2012); SiehZ£(2013);
Wipf&(2014)
LjSultrl;2 T WKAR (Lotus japonicas) Giovannetti%:(2014)
eIk Zn*-Fe’' Permease PERE 15 (Medicago truncatula) BeneditoA1Udvardi (2010)
4/ E T LeNrampl & fifi(Lycopersicon esculentum) OuziadZ(2005)
AME i GpMSTI 4 W (Geosiphon pyriformis) SchiisslerZ:(2006)
RiMST2 ER¥EFE (Glomus sp.) HelberZ(2011)
R GvPT AR BRBE B (Glomus versiforme) Harrison/llVanbuuren (1995)
GiPT AR N ERBEEE(Glomus intraradices) Maldonado-Mendoza(2001)
GmosPT JE VG BRBE 57 (Glomus mosseae) BalestriniZ£(2007)
GigmPT PR Bt 38 55 (Gigaspora margarita) XieZE(2016)
GintPT SEEAR A BE 55 (Rhizophagus irregularis)  FiorilliZE(2013)
BEAR GintAMT1 MR N ERBEEE(Glomus intraradices) Lépez-PedrosaZ(2006)
GintAMT2 Pérez-TiendaZ(2011)
GintAMT3 CalabreseZ(2016)
THER IR GiNT MR ER#EEE(Glomus intraradices) Tian%5(2010)
IR GmosAAPI JE VG BRBE 57 (Glomus mosseae) Cappellazzo£(2008)
—hk RiPTR2 SR fBE 57 (Rhizophagus irregularis)  BelmondoZE(2014)
B GintZnT1 MR N ERBEFE(Glomus intraradices) Gonzalez-GuerreroZ#(2005)
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CL 45 € WSWEETs 5. [n) % 12 44 1] DL 3 45 1 1% A
B, 22 B 0] BEAE ) Rz 308 2B 25 e B A Ah iz 2 AR 4
o HLA S8R FH (Manck-Gotzenberger flIRequena
2016). fEAMILE A 5 522 15 15 A R 0, 4
S8 [RT AS BE M 2 18 AR MtSut Il U 8% 12 /A MtHex 1
ERE LR, HAN A AE A i 3Rk B e, R
XA AN S 5 N S i = AL, o n]
MK 20 rh [ s B R R ) A (Gaude 55
2012). [AIFE, AMEL B AEERE F I AR, 1 sk &
# (Geosiphon pyriformis)f)GpMST1 5 Jii F1F A3t
B R v 5 R I T RN (h 7 o T ) R R R,
HR R FLBEANRHE) (Schiissler<52006) MRk 58 55
(Glomus sp )R N B 22 3k 1) =1 56 AR % 1a 44
RIMST2 (Helber2011), AMEL [ 14115 e B 52
1 AR 2 P P R R A R 2 R O A
K] 2 15 38 0 (A fide 2R 0 A 6 W R SR, AT
S T ARBR RV 77), FETEY) R RE (R e is ik
FIEL B HE 8 R (M T2) O BB T 5 3 36 A=
L1 (BleeF1Anderson 2002; GarciarodriguezZ52007),
KA BIRANH 2 .

FRE (R 2 AR e AR 2 AT S A DG Jk R R IA IR
B, FEY6 A iR DA CUORE 0 77 =8 1% 21 51018 (1 AR
W R 22 TR A o BB IR =B H i e, A 518
RN E 2 R A, L EE AR K E
TS (ZE TS 2014), 11 H, f£X —d R RER
W2 A2 IR TR, A6 i o1 B M AMUEEL T ) 32 220k
AR, COFE G AU = AR (1) RS U 2 AM R
PR N I = e AL S I A 1) T 02— (Bago s
2003; SchliemannZ$2008),
3.2 HA KRB E S E

AME # 73 AR /1 %€ 5 (Rhizophagus irregu-
laris)FIL G SR BU AT B 1 3 55 (Gigaspora rosea)
FE R 1 A SR TR AR I 12 & i (type 1 fatty acid syn-
thase, FAS-I) (Wewer%$2014; Tang%52016), &
FAS-IHk 2] BE & AMEL R (1) 3L R fiE . Tiang5§
QOIT) WK, FF F MR T ey AMETHE 7 JEAR
TIFER A, G BUENTR I 4518 £ AM K
P LAERF LR € JH . [FIAF, Luginbuehl55(2017)HF
FUR I, BRBEIRSL, NEN R R M) e #2453 AR
AMELER I —Fp E 2GR, s i A% 75 1
H - 3- 1 R Tt L 7 A% B R AM2—GRA S #% 5 K] -+

RAM1 (REQUIRED FOR ARBUSCULAR MY-
CORRHIZA 1)) E #2258 [m) FE K], #4 S AMEL B i it
P ECR, I HRAMIR X — 3k R B S H
B ONEOR N A A AR S AR P . K
W (Lotus japonicas)$n AMAt 7 14 I IR ot & Jl 5=
KASI (B-keto-acyl ACP synthase I)FIGPATG6 (glycerol
3-phosphate acyl transferase 6)55 2 [A] Y5 i 2 RAZ,
FO0F] I 7 1 1 AR 2R S AMUEL TR 432 4% 7 B (K ey mer 55
2017), FE— P UEsk [ AEYI S IR 2B A AM
B o JRDITR HRAM2 AL EE AR N2-MAG, & {7 7 A
A JEE L ¥ ABCH#% 32 R G5 Jif (ATP-binding cas-
sette transporters of the G family, ABCG)5& — F1k
STR (stunted arbuscule)fISTR2iz #2-MAGE L4
R F T (Zhang%52010; Gutjahr$2012; Jiang%s
2017), 2-MAGH] # A NTAGH WY 22 % ia, (HidE—
A2 e 38 W WSO o) B AH L R B S AR T R . AMBT
it (ISTRANSTR2AE A i 3 335, STRIISTR2E
AR G HMEIE A KA 6 (Zhang%52010; Gutjahr
£62012), STR/STR2E ffiJii . ARt AfIFIek R
K I S5 T Ak Ah Iz A4 % DDA G (Wus§2014; Yadav4s
2014). AEFERAEY R 7T HA202 1 ABCGs, {H
FRRSTRINSTR2 M) HL 4 [ 5(Zhang=52010), HE
5AME B LA ) R A% i T (48l g I e
)5 T G J5T 53 WA ER) R AR o
3.3 AP RN ESKIEH

3 TE AL BN AMEL TR [ AR 40 i 1) 5 2
FLAE R KB, AMIBL TR HR A0 B 22 M 38 Ui (1)
NH, 5iNO, 4 23 5 Wi i & i/ 4 S I e - o- T 1
TR RN RIS AR RGN, HAk S
HCN Arg I LT Uf# A7, Argnl P [A] ZE i poly-P
— i BRI B L, 28 2 R A IR B 5
AL 23 iR A % % (Orn) FINH,, " (NH,," Pin] B¢
TS DA JE) s S 36 5 A A 1 ) B i A AR 4
Wi, Cox251978; Govindarajulu$2005), Ornjdt—
Aoy fift A RAS R R (Glu) NS 2 (Put), — 2 UKL Ah
77 N NERM, A2 To ML & A UL AL BT 75 1 Bk
B2 (Jin%52005, 2012), XAz bl Ay LA 20
HIVHFE, AR T AMIL AR R 5 Mtk . thsk,
AM R R AP 1R 2238 ] DA B4 WU — S8 A L R
AR, VLI 22 WL 5 4 il L3R AR
R JF(Leigh452009) .
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MAR N ERFEEZ (Glomus intraradices) ™ 53 A1 4
5E T ESEAMINH, #32/AGintAMT1 (Lépez-Pedrosa
2:2006). GintAMT? (Pérez-TiendaZ52011), ik SE A
NH, #i2/AGintAMT3 (Calabrese?$2016), A Jz—
ANO, ¥3ZAGINT (NO, i S GINTH A [ £ 1k)
(Tian%%2010). GintAMTI/EMANGE 24k H 5 5
NH, Wi, I 32 AKNH, W EE 17 S RIE, 1M Gin-
tAMT2AERE N TR 22 [ 3 s K P s TAR AR 22, 3 HL
TERPR 1) 2544 T A7 A A 41 Rl 3R 3A (Lopez-Pedrosa
£52006), 14 7~GintAMT2 1] fE 2 5 B NH, fL g
MR E S . A S AM B B AR A 1R 22 A1 IR
NH, B}, AME R AL BINH, ™ (INO, F&VHFE T
Z R AL S5 OANH, 5 F ), HGINTR)ZRIA
T iE(TianZ2010).

SRT, 47T RAFNH, B, NO, ik )Rk ¥
B A (B AR I IR ), GATAR: s+
TER S AU P L& Hh kA S B E A, T LA Gin-
tAMT2 ) 53 #1 & B H A7 7E GATA R 0 7 51l (Pérez-
Tienda%52011). FEHR N BRIEE: 2 0E 2 A%
A I P R T RE IR AL GIGS 1 RIGIGS2, | # 7E
WA 22 i R R H R IE, 53 ZNO, S
ik, RIAGIGSIFIGIGS243 HIFE A s Z I 78 /2
I X AR A AT B AR (Tian552010) . 1041, AM
L 2 0 B 8 J o AP HE BB VA A7 22 INH, LA
YRR I PN, R, MR KRS NH, 4R 4R [Fl 4L
RE 71 S R HR 240 I (54 18 (Brun 2006). B P4 BR3E
% (Glomus mosseae) TV KIL | —Fh@ IR iz EH
B MBS K GmosAAPT (5 T &G HEHE
#2) (Cappellazzo452008), — L& H A 2 B R i 22
B2 H 2R AR & 2R W] PASE 4 45 5 GmosAAPI
Feia Ak, 1A 0T FARIER A BRFE AR A1 B 22 7]
PAMRWSORS Z IR (Jin552005) 0 /N7 T Ik & 3 B
BREIR, SRR b —Fh e M ks
PARIPTR2/EIRM H [ I8 178 15 T ERM, I 7R 1X —
IS ARAE TR 22 M\ SR ST /N JUR R AN AAASE A s 2 T
W/ BRI Hh 25 k4556 /E F (Belmondo#$2014)

NRT25 % 1 %2 AM 5 F INO, #5 iz 7k O E A
YN & it (Lycopersicon esculentum). ¥ %8 E 15
(Medicago truncatula)F H BkAR 25 H 15 3% 52 (Hil-
debrandt?52002; Hohnjec%52005; GuetherZ£2009a),
FUINO, A 3d 1 B AR 3L A AR MR S A 3 7 8 4

Yo (EARNO, KPP T I, R —2AM
73 LR ILEYINRTS, HE7s TNO; HIR A
AT ZCIR DL, R T 50N At & 77 22 Ta] )
22 HAF H (HildebrandtZ$2002; GarciaZ$2016), {H
T A NRTs (0 M40 0 5 Ar A 3@ v P R D) 480,
NRTs7E S AL HH o R ISR AT T . W2
T —EENPF (NRT1/PTR) S % 52 T LLIES Jli
IENO, MK (LéranZ2014), b F BkHR i s 2414y
i, —SEPTRIELN EAMIE S Li%RE, ARIL
IRV B vy ) 1 2 R E A7 T A AR 48 i (Guether
2:2009a). PEEH 1E 2 NPTRs K FE(Oryza
sativa)F 1] 1NNPFH S AR 578 A2 i v s S 4
FIE, XF /KRG B NPFEE RIAE TUlS OF BEZH o AT
TR I B RNO, KSR A 5 1, 7R H Al G
fRHENO, 5 MAY JH JE 4% 12 (Chen52018) .

TR 58 2 ARG 2 J2 At i v 25 5 45 3 1 VF
ZNH, ¥ iz /& (ammonium transporters, ATMs) 52
AMER AN T FERIE. Hlan, EEEE DK
AMT2;3. AMT2;4 2 AMT2;5 (Breuillin-SessomsZ¢
2015), FHHi T HILeAMT4R LeAMTS (Ruzicka%
2012), &% (Sorghum bicolor)"F ¥JSbAMT3;1f1
SbAMT4 (KoegelZ£2013), it K& (Glycine max)
FIGmAMT1.4. GmAMT3.1. GmAMT4.1,
GmAMT4.3 ,GmAMT4.4 (Kobae%52010).

5 HABEYIHIAMTS AN, 1 BIR A 3 Li-
AMT2;2 0] DLFESL AR SIS HNHG T AENH,, 1%
FHABRNH, #h, NHtH AT REH AM B R 8T 3 A=
A G 4% 75 E AU (GuetherZ:2009b) . ik
MR AR B R H o M8 1 3 E R R 3 1 il
(amino acid permease, AAP)Z K I, JF H—Fém
e st 2 P — 2H 2 R T 1) e de A SR R L/ LH T 1. 24E A
R A b b e S 2 3L, TR BRI IR EAT SR
IR R HAE N —Fh e R IR 12 74 (GuetherZs:
2009a, 2011),

3.4 HAEKDBINEEE RS

TE) M\ 35 rp RS PRT DA B e o5 M Pid s
R E AR MR- T i o (B @A) BAR B J= 4
N — AR AR S T R (R AR iR A) o R AR PR WA
e, AME PR AN B 228 B s sk FIPifE iz te B
H'-ATPase/K fffi i, RIS PiF: 8 i % 4k ypoly-P
(VAZZ i 20 f R PIVR FE ), W B 22 (P[] Arg”, Jin%%
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2005)%% 12 B AR P H 22, poly-P/K iR i Pi, @i
FLAE R G TH B NAE ) (Smith AT Smith 2011).
P15 Jo M ik N A 0 40 B 75 1 B P 18 A% (1) ot
F—L R FAFEEREE M SR, R - H-AT-
Pase ] Ly f0, Bl WA IR A JB) B (L e o, F 48
TN T AFAE T BEEEE A MUK R ) — A H -ATPase
HA D6 - A4 i o Piff R Wi 285G 3 %2 (Krajinski
22014; Wang#1Schultze 2014). 2 AME 12 4415
S YIPi 18 B 1 BE K JE Pht ] 5%, AN [F A+
Phtl S AR 53 (I 0E EI 2E 57, TEAM LB {2 e (1)
T H — AN B2 ASPht] 505 il 73 1) R IE KPR AR
[ HEAE, A B A B YR
AMIE F PRI AF : B2 E & KIMtP T4
MtPT8 (Harrison%:2002; JavotZ2007; Breuil-
lin-Sessoms%52015), 7KfEH JOsPT11 (Paszkowski
£52002), % (Solanum tuberosum) {]StPT3
(Rausch%2001), K& /4 ) LePT3, LePT4
LePT5 (Xu%$2007; Nagy“$2005; Chen%52014), =%
AME S IIPiE B R 5 Piff AR s 7 sAH %, 32
AMAHI P 12 & 5 B4 i UAH ¢ (Casierd
£52013), AMELER 1= G4 ()R PR 22 08 0 11 it H A
(FEA 2 2 5 HEWWORZR)) PiEE A N iR
1K, 1X R AT AM AR A A PAFI IR 1) TR AR i 42 1 i
THEEER, B, AMEERREPKEHZS5PIE
BRSO AR OsPT2. OsPT633% i, 1OsPT11
RAMKE OsPT2. OsPT6) kA KEAN
(YangZ5$2012). VolpeZ£(2016) K I PifL iz KLjPT4
MIMPTALE 27 YT BE R AT/ T 1A 20 %
KPR N, RIEAN1H5 5 7 PRI B 3%
BRI EAR R . STAMIE SPIIE AN B 5T
AT E AR B T 2R S A R AEMY CS A
PIBS, ‘BT THAMIF F (1P 4 3 31 F 4 i
& T 35 (ChenZ52011) . miR33941E Ay £ 4i P Pifi
ZAE9, EAMY, 2 P mi339% S ae 8 (R KF
PHO2 JAI& 7K ~F- 2 3 A 14 DL P i Ise A 4k #F
AMEH - Y3545 (Branscheid%5:2010) . Z6 i 3%
AimiRNAs [ F 1A %58 K I, miR395[ R IEN %
AMIE S, 5Pi/KFIEK, MmiR1721)FRK 3 & Pi
AKFERAMITE T, K EATTREIEPIMR L B 28
R RIS AR 2 8] RS, R AEAE F (Gus§2010).
Ak, PEREE M4 (—FhIESMESRNA) A —Fh

Piih = 175 3 (11 P 0 R Pl 5% A AE AMUEL T 5 B IR
TR A RIA (Smith%52011), Kk, @ik % e A F %
AR R IO, A BT U B RS
WAARERZ B BAEM . thah, BEREA S1hE
&5 MPidk = [ S SCEK, 418 &.(Phaseolus vul-

garis)JF 6 HELPIER Z I, S5 B [ AL 10 18 B ) AR
F 51K miR399 KL, HEAMmiIRNAsE AL IIE
ST AR ZPiR I (LiuZE2010).

AME FHPiF512/KGVPT (G. versiforme)F1GiPT
(G. intraradices)iB & € PLEAR 7N 22 I (Harrison I
van Buuren 1995; Maldonado-Mendoza%$2001), 1
GmosPT (G. mosseae) GigmPT (Gigaspora margarita)
T W 8 FEAE AR A TR 22 R KL 41 i % 1% (Benedetto 4%
2005; BalestriniZ2007; XieZ:2016), ‘&1 11k Bhfk M
g i 18 AR AN 1 22 BB . R TR R
GigmPT' 3B AME & € J /K1 F£AIK, 17 H.GigmPT
7] B[R] I S A PifE s A1 2 I 1E T (Xie 5%
2016). FiorilliZE(2013)HF 75 % B, AMEL [ (¥ 5 3
FPiE iz 8 (A FE K GintPTAE AN BTG L E 2
BrBRR gL, 5 B EE NI A RIE T
GintPTEMAMNF 2K T i) E KRk, B GintPTHI
T LA B VEPiRE i £ 1 BE [RIMt P T4 1) 355 5% 9
ARV AR 1 e AR BEURS o
3.5 HAEKhHEMEFHEE

FI KA A AR B o 1) — Mo S ALK 12
PRFIRIE N T 4414% (GuetherZ$£2009a), [FFf, AME
W2 S5 TR 2 E TS T B AtCHX20 (K'/H ' #ia
) B R [FYR B E I ERGA, (77 S e R R
il $ AR, (E S BRIBEAN R, B A R
Xt AMEL 1 (1118 JL 545 S (Garcia52017) . #E5E
325 15 T I MtSultrl;2 (CasieriZ®2012; Sieh%s
2013; Wipf&5£2014)F1 H kAR H ILjSultr1;2 (Giov-
annetti®$2014) S¥iz k7)) /£ S = F1S & fE i 52
AMI B 3 RIE . Fesg o Mg 2 E 7 AMIE 3 1
BB R —FhZn® -Fe® B PERE A —Fh Ca® i@ 1E
(5 [ TRP-CCZ %) |1 ¢4 (Benedito M1 Udvardi
2010), - H AR A BRFE S 70 B 1) — FhHE5E 1) Znke
BAR(GIntZnT1), W HERIE ) & £ I2Zn it E A
(Gonzalez-GuerreroZ£2005), HAh, AMILA= 5 T 48
Inar 308 <R T R (FE < R TR SR Z ),
HA PRI IS, B0, AME R FR 54 5E i




FWESE: MBI IR Heia . AR RIS PR 70 R0 ok ik 1651

A —Fh) g4 R S T I8 R LeNramp 1 R 1A
N, BN T AME 9795 AV E S BN T
Tt 57 4 i B FE TR D A4 E H (Ouziad552005) .

4 HERFHRENEE, THREREPE
REFI

4.1 HAEKDPFESEIE, KRSKEEE

B EAEY R AM R TR 2 [6] 1) 57 7 22 #7252 i
ISR ATH - ATPase /1 3 (177 k% 4% 1T 2, AM3L
AR Z TR 37 7 A2 1A B T sk, A A
FLR W7 & B AL s, AR 4 BB R SRR
R e AN B 2 B B <A AS 5 (Blicking #
Shachar-Hill 2005; Fellbaum%$2012), 7E P B 1 1
Hgylgnt, 5EEMSSM 1R (G. aggregatum)
AR, 25 F MDA SRS FLR (G, intraradices)
o3 BC 5 2 1B (Kiers552011), & E MY HE LAAM
HEREM R EX EREREAES, ol
Dl s m A=, & FHEY IS AME R
() B 2 AT TR AR T KT, SR AR AR R
B2 TE &R R P 3G T 8] 1 57 43 A8
(Olsson%52005).

HWFiEH, F FEMABRIEMSE RS
S 1) T DR TR R T ) N B Ak, O H R K
SR AME B ] LU FIE o 23 Be 45 < A 87 P
TR, FeA A S I ] R P BRI AMUEL B IR
WO I R A, FLIE NI U I 52 AM U jR i
DRI 208 P A% T 4%, o 2R B 42 b 4 AMUEC R RO AR 2
TR 2247 DL A M B VR (L B AN SR UOR T 27 E it 1)
R, TS IR W WA AN At £ 32 B4 | (Fellbaum
562012, 2014). 5L, AME R [F) &7 EEY I
Tl 16 A v PR RO T R 0 1) B R AL 25 (Hammer 55
2011), T EL AU 1) B A 2SR5 25 B AN L 1) 27
TR (038 B AR 1T (Biicking AT Shachar-Hill 2005),
AM L 0 W] A ] 2 38 4328 456 1 b ok 1 (Kiers
SF2011). AR AR AL Rl Y ik 30K T B 3% 1B 4k
(SoSUTA, AXAE +- 3 m i /K N IMAM K 1512
4 (Gabriel-NeumannZ52011), BRIEFE FPEEEIZ /K
RiIMST2 (FL A Z ) S 34 Pk
PAMIPTAR ZEIA BB AR K, FED TN RiIMST23
ik, SEERZ . AEITE S MPTA) 3215,
WIEZR 1B SRS 1) 5 %A 5% (Helber552011) .

Bt R0, SPUKTEISRHE N &R
FNSLs A B JE K 2205, SLs & I vk /b 1t 7 1
R E 32 B PNH], B PR T A AR &AM
FLH ) Ca’ I ) N (Coline®52013), K HPiF A 5L 1
Wi EESBRAENLENES®S, HBAH
FARH, @PUKFREMER T IAE T T
P2, W= A5 Ca W 4T g F) B 451 R 35 4 (Giulia %
2013). #E4RiE, PifHIEZ 4 (Petunia hybrid)3t 4+
PP 2 (AR JE IR PRPTS (323K R M v] RERRAR T
AMBE B €T, RPhPTSHIERIE F e T AME H
M PG, A2, mPiIKFHHMESTR/
STR2 (4 'F M AM . B ¥ I Jift #% 12 ) 32 14 (Breuillin
£2010). ZF Eola, PIA I /D YR F AME B 1)
Pijii i, ook 5 80 E A YIS 45 AM L B (1 ik

Pifift = B = 5 3 A BUSLs A L Rl ik il
T J2E A7 B R RN B 22 3 A X AMUEL T 58 B (Bon-
neau42013). Mipt45{Osptl] 535 R 2K K&
TR IR AL AL (Javotd52007; Yang=52012), fE%(
BRAIE LT, Miptd 57K FIMipt4/ Mipt8 WIS AL
DA 1) 5 BV I i 35 52 BHL 2 M08 3 A Ak 51 T
ATM2;34 F A1k, B 7l 3Lk it e
AR R S A L P AT g B R R A 42 5] K — Bl E
5, JET R A7 AR B BRI ) BB B ) A
FAEYIGAR RS, T ia 3% 2 K ZE 40 2T LS it
PifEIa/ RIMME T, A Y —FE 5 AI4ERF A K
H (Breuillin-Sessoms%$2015), IX4e&E LRI, AL
F7 o BT A 5 2 /0 BRI G 2 I i, 77 24
YT B 22 il I X — 15 5 B A AR AR B IR 7 AR I
GBS IE FRRGAE B SN . AR L TR 55
52 R Z I, ORI AMAR S 5 DA
H P T H 44 F (Nouri&52015) . Rt Uik
Z HIPifk = J B A% 2 [8) 58 ELAE ML B,
Bl 45 7~ AE ) 7E AM Hp B R 2 B b B 4] 38 428 14
VR R
4.2 HAEKDPFSFIA

AM R $ AL 27 S AHY) BF B I BRI B CRE
Sl A 7% 40 AT R PR A0 -3, 6 25 M A
WU B T kB 1 80% (van der Heijden%52015), &
WA DT R A o R K, FL B 22 A T DA s A 24 =
% (HodgeFFitter 2010), K2 FHAIACHH B AR L 2R
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AR DUEAFFIAE K o BRAR S AR 6 R A4 2% 4 R FH 2%
ROFRTEFR 0 2 IR ) e EEAEH, &3
TEA) 5 AM L B 2 18] (1) 37 43 38 #3655 5% 45 ] F
PR EE T 27 AW A, &R R LA F A F
R T DA ek D R P e P 5 (L AMUEC T 8 e A
Y A B R A K e R
T K $1i¥i (Ruizlozano%52012; Selosse®52014). AM
HER T EEY A K, T AMIEAE S I A
For S I EGE T Y 5 R (B 1R 552014).
(E A3 R, AMEEIE §E I 2> 752 0 8 (97
3 F T R A T ARG T IR AR e RO R AL S B 97
AR . I, AME B2 B 24% % H13 1%
1) - 45 bk e A 2k (Bender$:2015); HH T 520 38 2
R T 75 e m Ak ok AR T TR B2 98D TN, O B R
(Bender%5:2014); 7 H., AME & LA HLI7E 43 H ik
Ve R/ (Benderd52015), X 5 %60 KX TTAMEA
B AT LR BUCE WL 2 OBE AL S5 e M7 . AME R
TEAD RG2S Fh A 2 I3 #E (van der Heijden
2:2015; PowellFIRillig 2018), il Wi #6™ Ji 32 4>
MBI . LIRBRIRTE R TR iR 4
G M SHAED I E/ER.

5 iREaSRE

AM LA R I 1) 7 75 B AMUJL B — 27 £ AR AR
RIS 5 RG], AME BEBIMycH 74 2 £
P Z ARG s E LR E 5 88, M
VIR R /W ISLs AT i R AME T iR . 4
AR EGEIEMR BB, — B2
R &R, BT RO 5 B, Bl S, REAAR 36 5 48
A — R BN (BLAEAZRE SN . 9 5T A 1)
AT Y AR N FT 2% B PL5] S 28 AR K24
M. FEAMIEAXUT KAV B A 2 1T, RAM2Z
57 R 55 H 4 (Wangd82012), 7 HRAM2i%
FRIKE T MycH 115 5 H 12 HAKEGRAS
K FRAMI (Gobbato£2012), 1F CLEE [ A
B RAM2 B 3l 78 = JET5 7, W T HAEMN
41 vt 5 3 F R T BE(Gobbato%$2013) .
AMILA: B AR I 56 DL TR0 M 9 547 AR
() e A ST B 4R B2 1 97 43 28 #(Chen%52018), 1B
ZANER(ZHEFRNERE . RS 5%
VA FIAN [F) 78 77 2 8] AR SOASALH BT . it ah,

DELLAJEGA(E 5 M2 1 R EE, R
by 380 2% 1S [EE TR0 25, TEAM B - R A
HOREEREEN, XMEF EHEYREEERE
I8 7455 LLATE XU B 256 R (Gutjahr 2014; Yu
£:2014; JinZ52016). 5 K B fift ) B B 5
SEAPERFMYBIL, HIEA KRR B 33208 75 2
MYBI1 5#; 53K 7NSP1. DELLA ] H{E(Gutjahr
FlParniske 2017), & . HRiRER T Lellz
ETR=R 0 s @S BRI E S 7 DA 1 W 1 0 S Y A
O~ 48— T A 5T R B BR — R A S T A s 2 AR
2 28 B BEA o B Ul — PR R AME F /S 1)
EIRE SR .

AM BB o AR RO AR, A (]
I FH 2 A 3 R A o oG R IR B I, SR
e AP E TR TR AL BRI [k,
T A A PR B AR KT R I AR IR, LR IR o
R EERREE . EFFHEYMAMARE
. [B) 32 A A (7] 40 Jo ke J5 (1) JF A 3 3 AR 1 3R AT 45
S, FEA AR R LA S i k. AME R (R E
I R SR IR A BN B L AR AR,
AL AM L A= A rp i) 220/ 2 8 B 1 RRE % [R) L g
(IR IE TR 5 R BRI B L4 g T A8
1k, T HAMEL B -1 (1) 58 R Z AR+, 1
KAy T3FE o K pHEE 1)) 2 (Hoeksema®52010),
AME W~ B 2 342 56 R 5 25 28 08 R 1 #%
BIRKFREE RO T BRI TAS RgiH 1%
Fror I HERCIR L (CorréaZi2015), 48T H [F] 4% 5%
37K B AR e, AR SR AT A I8 B 2 2 B B A [
(1) 358 5% 43 1 P B S () 2R, Bk S A IR 4
B EN A 3T
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Recent advances in the studies of nutrient transportation, metabolism,
utilization and regulation in arbuscular mycorrhizas
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Abstract: Arbuscular mycorrhizas (AM) are mutualistic associations between Glomeromycota fungi and host
plant roots. The processes involving transportation, metabolism, utilization and regulation of both inorganic and
organic nutrients are the foundation of the symbionts, which are the critical physiological mechanisms of the
mutual relationship between the AM fungi and host plants. The characteristics of the transportation and metabo-
lism of nitrogen or carbon have been well documented in the literature. However, the latest progress on compre-
hensive and systematic review in relation to the studies of nutrient transfer, metabolism, utilization and regula-
tion in AM associations remain unavailable. This review aims to introduce the nutrient-exchange forms and
spatiotemporal characteristics between AM fungi and host plants, and summarize the characteristics of nutrient
transport, metabolism and utilization and their regulatory mechanism in AM associations. The advances and
prospects of the studies in this research topic are discussed. This study may enhance our understanding of the
physiological mechanisms of the mutualisms between AM fungi and host plants, and promote future study in
this research area.
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