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Role of Auxin in the Process of Microbe Control of Root Development
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Lanzhou 730000, China)

Abstract: Microorganisms have established a beneficial relationship with the plants by secreting auxin and

auxin precursors and alter plants root system architecture. Moreover, other metabolites are secreted by

microorganisms can also change the plant auxin signaling pathway. Thus, auxin and auxin signaling path-

ways play an important role during the process of microbes modulate plant root development. This review

summarizes the role of auxin during the process of microorganism regulate the development of plant root

system from auxin synthesis, auxin signal and auxin polar transport, including microorganism increase the

content of plant endogenous auxin, enhance the signal of auxin and regulate the expression level of PIN

protein. Further, we concluded how microorganism regulated plant physiological and molecular level to a-

dapt the changes of root system, which laid the foundation for further research in this field.

Key words: auxin; root development; plant-microbe interaction

VAR R AR P 3t T . BB
R Bl A= AR 2 2 M I T R R L R e AR AR
N A ) - HE R GE W) PSS e 9 A JB s o A
A AR R BR A DX AT SE R W RE U A AR Y
RE R HEAAE ) X 7K 53 A0 F7 B W ST T R

WHEHH2018-01-01; & A 2 H 1. 2018-06-08

A . A AR . E RMIA & HUEY
FAELLT 4 B — 24 JEAE 1 2R 1 Al kA ) 18 R
F8 R B 20 TR SR B TR, R T R R Y [ R
= BRI AR A A A TR AR R L DR AR Y P A
AN A LR . VP2 PR R — e R Y R A )

EEF 0k K985 —) . B W LA TN F R Y 5 R BAE I BRI BESE . E-mail: hzhangl1@lzu. edu. cn



1370 odt O % il 38 &

PR 2 52 W FE W00 AR W0 6 &R 0 o B R RE
Slankis P T 7% pH il 5 0 J8E A0 <k Xk A
R ARG B s - . A e s R T R
W0 2R 5 R 3 A I A 2 B DA AR ) A
T ) 8 SV ) Bl 2 2 R - 2B 0 O R I 5
Wi ARSI W e A B AR ) B A
UL & W4T 15 B ST . 9 2 s AL 40 53 6 1 Ak 27 )
FiESE WA EE (Laccaria bicolor) 4y /N 43 Wb
&7 (MISSPT7) , H R HF Bly i 1 A7 B 2 7. B R
KRV VM EERR OmAMRF IR —
KIE S F MY -BUEY AR R,

A K RTEAE Y A K R B R B b iy 8 R [R] 9 #R
0, TEANMIKF A R T AR 40 B Y 0 2L K
FO3AL s X H AAAE R 5 8 SOH B TP A8 B
B HAR 2 M AR E MR AE R RES 58 T
A8 A S A AR ) 1) R S L v AR ) £ ) B
PERDGYE . ARV 2 HE BRI T4
KERE WM AG 5 MM s 75 R & 7 o #2 d i 1E
FHEO b AR 56 Oy 2B A 2 AR 0 AR AR
MR LT . MRGEEE LT — R840 555
24 PO HHRE I A0 M2 W AR I R R R
TGP AR A K R A A S R
I8 B A s S AR AL IR VR F B AR

FLAE 1940 SRR 5505 — WIRIE TR TE
A= 5 0 W B A B b R % R R PR Y
Slankis [y 52 P 1Y 52 56 Uk B 1 A2 4 28 78 AL B T AR L
RE RS T EREEMAYY . AR R RE
ARG ME K ZIE Y M EF . A
.80 B BR A B AT LA AR A KR AR A Y
A JUH R AR R ARG AR K AR B EH R B
X A 2 1 AR AR T AR A X T AR R B PR
IO o DA T 5 S50 42 A0 ) Aol G R A AR R
AR 3R A A K AT 5 38 % 09 RS i 4 T e AL -1
AV EAERDmZED, ASCENAERENS
T R A i RO S R AT 2 B A ) AR AE )
MR & 5507 AT T B AR LR,
1 ARG TR A W A P i A
KEFISEPHEN

e KA £ R T A B 9 AT
AR AR T 6 "/ Rag 2. BRI
I 2 B 14 o A= R RN AP A R R AR AT LU
HEARATE B 33 A~ 2o A DA AR R R 4RO 1Y T =X
HEAT I A A TR AR B BR A 1 4% (Hebeloma cy-

lindrosporum) I8 it 3 I B2 by N VR A= R R0 & &
R HG A B T2 AR BE A AR B A OB AR Y L i
PR TAA HY HD AR TR AR TRORG T 28 T R A 3L B SR
B ] DU B 22 0 BB AR S . A AR TR AR L T AL
0 5 P S 30 O = A2 R AR R R B T Y
A2 AR B BCH BN Befh 7 AEETEE 43 d =
FEBE AR P AH L MAR B B B hn 7™ 5.3 £, 5
2R X 05 P 55 A B L B gR mf d n] LA 2 5
IAA 2551 GH3 I NI R IK . Hil i PraGH3-
1.PtaGH3-2, PtaGH3-7 fl PraGH3-8"", M\ Ifij fi
HEMIARECH B3 22 o YT AR AR TR MR L T = AR )
B 3 A AR A6 O B A Bk U 2], R W PpGH3-16 1y
TR R R A A T AR AT G AR A 4
B I 3 M98 AT B (Phyllobacterium brassicacearum
strain STM196) 4= 4L 8L Rg I 4 v » AU AR 52 18
T 50 % it — W R B SE MR AT IR S R T AR
KA i e h — Lol AT L N AR L D
R (Piri formospora indica) FEi@ 5 35 N4 5
I AR A R ZR Y B R 1 I U0 e AR B B AR Y
A=yt . Sirrenberg 2505 R WAL Y 5 BV AT 4
A AR 5 285 it TAA /Y & R BB P2 A
IR BE 1 TAAIERT T IR A= K R X T L 2 40
MIOTIRREEBABRWMEMTY . 540 a2
PRIt B 77 A TAA SRR surl (3R AL BE W BN BE
BUE fL 28 i . R WA Wyl XF TAA 145 & FEIRHE
W R B surl YRV 0T piTaml Cff
ORI 2T TAA B —DCHEIE D) L3k /Y B
ROV A 5 AR VR 2 T T K2 W) I B R i h W i 2R
KL RMA DR TAA ST A X REE
KEHZER, A E R E W IR E (Tuber
borchii) FI BB (Tuber melanosporum) 8 i3
A T 1 i A PN I A K ER R s 1 B SRR BN e AR
MR 2 B L 3061 B HG A EAR A AR K A R 2R A
& (Bacillus subtilis GB03) B ¥ &% A Pl
WARHE T AR R A B b AR Gl Y R s X 3
GIRE TR IR A K R RS AR LB
R B AR A ) S I S e 5 e AR ) VR A
KRG RGN RG LT, SR, A
BERI G AT I T 5 A 4 A WA AR T AR A K
FOKF- AR A A A0 A A R BB L 2 R A .
TEIRT i W T AW (Pisolithus tinctorius) %
L FE T (Paxillus involutus) WA Y, I &b 3
R 205 P 2 B L PO R B TAA e B8 B AR L MR B 4l
BRI S R AT B S AU R o Sk 8 IR L 8RS T N TR



7 4] R A RRAEMAEYRERE TR E 1371

TAA e R . 2z MWL K R & &
23 5 W) PAASE T AR 0 3% 1 90 A o e 7 AR R R RS
PRI T A TR AR B 9 RN L 2 AR P Bk
RY AN, A TAA W3- T8 (IBA) Al
RO (PAN) W5 W A A T A . 7EE
K R NERERE (Glomus intraradices) A LL5|
VR H A IBAYY RIZE &4 IBA S mssme, X
SE 2 SRR U W 1 e ) M a5 e AR KR
5 R FE R B S SOk M AE K R RS, &
BB 5T R B N K AR AR 23 B B — dk A2 AR T AR
BB WA E (Bacillus methylotrophicus M4-
96) 3 A 73 WA 45 Ak R AU N 0L T AR K
JEONARECE R A & L ORI O T LR O TAA
M & UYL 53 Ah, fi Y€ B 2F B FF B (Bacillus
amylolique faciens SAY09) i@ i #5456 5% A= &
RMEEEM T WA E, L T o
FE, 2R FE AT B (Paenibacillus polymyxa
E681) 5Ll pg o 3L 15 7% 5 AR A 20 27 0 B, B
PRI T A0 R W WE-3- 2N (TAND , W] H=3-2,
R (TAA) [ F i

2 HERREGETSHEMAED MEEIR A
KA®HREN

AERFEETEBW LT Fbox &2 Mk iz M) il
Fug R, 1 (TIRD) 067 AUX/TAA F1AE K 2 i
BRI R R RS E3 ERZIAE.
fefli AUX/TAA Pz KA. JE T # 26S 4 A B4
Wit DT 1 7 %0 ARF 25 (1090 0 76 I, ARF fE
NS T OE AR KR RO A R ik, W R
WYL AR KRGS 00 AR Z o ARV B TR
KEN,

A K R B i 25 3£ DR5::GUS R WFA
X4 BRAE T — A A K R K EUE S AR -
A AR R R TV . R R IR (Bacillus
subtilis GBO3) MZF AT (Bacillus sp. LZR216)
B TR IFAR R DR5 11 GUS By FRET . A
Hb IS AT S LR T AR AL AR AR R DRS
DIGUS RS, A R RE JT 5 306 o 2L 8k
FRI, BT A R R R 0 Ak D 7R AR AR A Y 3R
B OKREBE (Trichoderma virens) 12 4L 8L/ I
JEVES T HAR DR5::1GUS B 3K™ . 561 1
i HE (Pseudomonas fluorescens WCS417) 15w T
Hi¥) DR5::0YFP s TEARE ST AR i) e ik s it
5L At AR T R S R B ZF A AT T T LUSE

PUFG ST DR5::GUS iy ik,

A I8 AL 2 F 25 B2 1 J5 06 IR T AR KRR AR
SRR - W) E A O A A AR R A v 2
THEZEM, BRI ERRE 5 HERZR arrl-
3 L5 R R S R R T 3 B SR L 42 A A
BT, AR, MM T AE KRR 2R %
tirla fb2a fb3 FIAEKRAF T R axrl-12 1600 N 5¢
DG A1 A TR R 0 R R ™ B 52 A, AR KR s T
KY 600", XL, AR EESREN T
L) M 57 A 0 S A B ER) 3 S R A T AR AU R
JFIE HRFBH) TIR1 Ml TAA17/AXR3 % P #% 5% K
SEARHIR AT 2 fEA 15 AEU L M e (B T
(Pseudomonas aeruginosa) 7= B4 KR /Ny
T R R R S ) 53 ok 5 R A2 AR F-box HE L i
M ARF7 1 ARF19 (A K RESHERN &
B AN B 5 A I IR L 5 B0 AR
PrIAA28. 1 HH T 98 323500 00 (0 I 5 Al w] LA o)
PR TR IAAR TS TAASS JEN (1) s A8k . B
BOL M T ik ek TAA IR I R AR surl
BN AL, IFRRIR T TAAG6 AR IR, fopr
W9t £ W MATL R (Burkholderia phyto firmans
PsJND fig {2 iF B A= A48 R o7 19 2 4 (H 2 AN B g ik
R FEGESRAR axerl-5 KM 2 B,
ERFEFETSIEMY-UEY B BAE PR B2
AIVE .

3 AR FE A i Fy A5 AR R A AR
AR Z &7 HR/EH

ARKREWHNREA, fl AUXL 24K %
(LAXD, AR RMAM R E A PIN il ATP 254
&/ 24 PitE/P-FEE B (ABCB/MDR/PGP) #§
AL AR R & F O R ST R R T AR R Y
B AR P A K R AR A R A LR R
ZEAOLAT B A2 Y 00 R T I A R 3R W 3 i o R N
1-58 F Bk % B 2 2 BE ( N-1-naphthylphthalamic
acid, NPA) BHWr THIFGIF FRAEK X G MM &,
FEIW T AR A K A KT BT BR T A 2 A
FF B 40U E JF AR & & 09 5% 0, I HL 12 B R e 1Y) %
KRR T A AN L W KRR 1R
A K E WS R E MY R R R B R
EE) T EEMME . DU B 5 b A 2L s SR
T BRE K ZE NI PraAUXG6 FIAN IS ik
PtaPIN2. PtaPIN4. PtaPIN9 §l PtaPIN12
(2 3K 5 WU(0 05 75 5 00 AT L R e i, B G b 8 fn T



1372 odt O % il 38 &

A EARAE B FEARR auxl F pin3 AR A ECH
{H 2 U0 s ) OR e I B M 3G pin2 I pin2,3,
4,7 ZARPRMAR A B L 28 O B PR i P Ak B 0
MTZJE AR A H 3 2% 1 pmol/L NPA J5,
FUE R T % B AR AR AR AR L W 5
pmol/L NPA i, Jo it WCSA17 575 17 75 . 41l g ¥
EBANFE =AM . X 2e S5 R R T A R R s
P NPA AT LU 2 B8 400 R 0 A Y A2 2R AR
FHE L S 3 R AT B AT LA RS An 00 R I O AR i K
{EL7E 003 T A K R 32 B R E K auaxl-100 Hp
PR G I R E  K 8 T R Y Ak K R I i R AR
K auxl-7.docl F pin2 J5 .98 59 T 1% B X} 58 25 4K
e AEE R . T K Rz MRk polycoty-
ledon (pct) Pl /b T AR P9 3K 2 55 76 L8 Bk 4 1 o 19
SEFESY, AT (Bacillus sp. LZR216) 54U R
IF I8 3% 5. BEAR T $L R JF PIN1/PIN2/PIN3/
AUXI W& &AM I NPA GBI bk LZR216
Xt AR B B LA Bk AR B B B . JF 28 i
LZR216 %f PIN1/PIN2/PIN3/AUXI1 % 47K F 1
VN ML AR 8 pmol/L NPA ] LU
TH B P 366785 % R0 2 A FF B X 0L R T R AR DL R
R E 38 I ) A2 A= 1 T A v G AN BB AR F AR
K20 M2 R AR pin2 FAR ALK, IF B8 4b
TR NPA J5 4 BR T XHR R &5 M g m 7
AR RERARKRRNREZmS S THEY-HME

S % Uk -

[1] SLANKIS V. Soil factors influencing formation of mycorrhizae
[J]. Annual Review of Phytopathology ., 1974, 12 (1);
437-457.

[2] JOHNSON D, MARTIN F, CAIMEY J W, etal. The impor-
tance of individuals: intraspecific diversity of mycorrhizal
plants and fungi in ecosystems[]J]. New Phytologist, 2012,
194(3) . 614-628.

[3] BADRID V, VIVANCO J M. Regulation and function of root
exudates[ J]. Plant Cell & Environment, 2009, 32 (6):
666-681.

[4] MORGAN J, BENDING G, WHITE P. Biological costs and
benefits to plant-microbe interactions in the rhizosphere[ J].
Journal of Experimental Botany, 2005, 56 (417). 1 729-
1 739.

[5] PLETT J M, KEMPPAINEN M, KALE SD, etal. A secre-
ted effector protein of Laccaria bicolor is required for symbio-

sis development[J ]. Current Biology. 2011,21(14); 1 197-

W A I R T AR
4 75 1B

FLAT . — e i 50 SC & M Zh #R R L 1T 2 Fhofy Al
AOUEE S AE R R I B R AE R RS A R E )
Pz e AR IHEAY IR R R T Rl
MITEHT . I AR 5 2 59 0 5 A0 4 vh 7 A BEOK F-
WA IR R 0 A H L AU A NG TR
FAE R FUR LB . FE A SO L BF S R Z AR
FE I R G SR AR BT A KR A R AE S
WHIEMZ 5 TR MR R K H SR,
I IEARER S E R RAEMAEY A ERR LT TR
WO BRI R AR . O T A TR AR
O AE A IR AR R R AR R AR R %
S ST BN S8 35 1 20 1 R A A B4 T 1 L R U
4 1T 3B 73 B 0 B2 R A A ok — 25 s AR
EiR7/Pnsis AN E7/REce SN SR AN R I [
BRI PR AR AR AR B R AL . RO W AR B L
TR ol A Wy R BE 20 T8 AR, L BE o WA AL S W L
B AYSUE TR AR LT O T IR A
Iy WA R AR FH LR L 78 LU B 058 BE SO T 4
A7 RS T i ) AR - S SR O ik Bt
AT 25 A A 0 A 8 B H O3 A SR L AT R T
— BN A MRS R R R TR HLBE

1 203.

[6] SUN J, CARDOZA V, MITCHELL D M, et al. Crosstalk
between jasmonic acid, ethylene and nod factor signaling al-
lows integration of diverse inputs for regulation of nodulation
[J]. The Plant Journal , 2006,46(6); 961-970.

[7] GLICK BR, TODOROVIC B, CZAMY ], etal. Promotion of
plant growth by bacterial ACC deaminase[]J]. Critical Re-
views in Plant Sciences, 2007,26(5-6) : 227-242.

[8] CAMEHL I, SHERAMETI I, VENUS Y, et al. Ethylene
signalling and ethylene-targeted transcription factors are re-
quired to balance beneficial and nonbeneficial traits in the sym-
biosis between the endophytic fungus Piriformospora indica
and Arabidopsis thaliana [J]. New Phytologist, 2010, 185
(4): 1062-1 073.

[9] SPAEPEN S, VANDERLEYDEN J. Auxin and plant-microbe
interactions[ J]. Cold Spring Harbor Perspectives in Biolo-
gy, 2011.3(4); 1-13.

[10] PERET B, DE RYBEL B, CASIMIRO 1, et al. Arabidopsis



7 4]

R A RRAEMAEYRERE TR E

1373

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

lateral root development: an emerging story[ J]. Trends in
Plant Science, 2009,14(7) . 399-408.

OVERVOORDE P, FUKAKI H. BEECKMANT. Auxin
control of root development[]J]. Cold Spring Harbor Per-
spectives in Biology, 2010.2(6);: 121-136.

ZHAO Y. Auxin biosynthesis and its role in plant develop-
ment[ J]. Annual Review of Plant Biology, 2010,61(1);
49-64.

MALAMY ] E, BENFEY P N. Organization and cell differ-
entiation in lateral roots of Arabidopsis thaliana[]]. Devel-
opment, 1997,124(1): 33-44.

DUBROVSKY J G, SAUER M, NAPSUCIALY-MENDIV-
IL S, et al. Auxin acts as a local morphogenetic trigger to
specify lateral root founder cells[J]. Proceedings of the Na-
tional Academy of Sciences, 2008.105(25); 8 790-8 794.
DE SMET 1. Lateral root initiation; one step at a time[ J].
New Phytologist » 2012,193(4) . 867-873.

MACDOUGAL D T, DUFRENOQOY J. Mycorrhizal symbiosis
in Aplectrum, Corallorhiza and Pinus[J]. Plant Physiolo-
gy 1944,19(3) : 440-465.

SLANKIS V. Hormonal Relationships in Mycorrhizal Devel-
opment[ M]. //MARKS G C, KOZLOWSKI T T. Ectomy-
corrhizae-Their Ecology and Physiology, New York: Aca-
demic Press, 1973, 231-298.

DOBBELAERE S, VANDERLEYDEN J, OKON Y. Plant
growth-promoting effects of Diazotrophs in the rhizosphere
[l
107-149.

WOODWARD A W, BARTEL B. Auxin: regulation, ac-

Critical Reviews in Plant Sciences, 2003, 22 (2):

tion, and interaction[ J]. Annals of Botany, 2005,95(5);
707-735.

MALAMY J. Intrinsic and environmental response pathways
that regulate root system architecture[J]. Plant Cell & En-
vironment » 2005,28(1) . 67-77.

TRANVAN H, HABRICOT Y, JEANNETTE E, et al.
Dynamics of symbiotic establishment between an IAA-over-
producing mutant of the ectomycorrhizal fungus Hebeloma
cylindrosporum and Pinus pinaster [[J]. Tree Physiology .
2000,20(2): 123-129.

KARABAGHLI-DEGRON C, SOTTA B, BONNET M, et
al. The auxin transport inhibitor 2, 3, 5-triiodobenzoic acid
(TIBA) inhibits the stimulation of in vitro lateral root forma-
tion and the colonization of the tap-root cortex of Norway
spruce (Picea abies) seedlings by the ectomycorrhizal fungus
Laccaria bicolor [ J]. New Phytologist, 1998, 140 (4) .
723-733.
FELTEN J. KOHLER A, MORIN E, etal. The ectomycor-
rhizal fungus Laccaria bicolor stimulates lateral root forma-

tion in poplar and Arabidopsis through auxin transport and

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[32]

[33]

[34]

signaling[ J]. Plant Physiology, 2009,151(4): 1 991-2 005.
REDDY S, HITCHIN S, MELAYAH D, ez al. The auxin-
inducible GH3 homologue Pp-GH3. 16 is downregulated in
Pinus pinaster root systems on ectomycorrhizal symbiosis es-
tablishment[ J]. New Phytologist . 2006,170(2) : 391-400.
CONTRERAS-COMEJO H A, MACIAS-RODRIGUEZ L,
CORTES-PENAGOS C, et al. Trichoderma virens, a plant
beneficial fungus, enhances biomass production and promotes
lateral root growth through an auxin-dependent mechanism in
Arabidopsis[J]. Plant Physiology . 2009,149(3): 1 579-
1592,

SIRRENBERG A. GOBEL C, GROND S, ez al. Pirifor-
mospora indica affects plant growth by auxin production[]].
Physiologia Plantarum » 2007,131(4) ; 581-589.
VADASSERY J, RITTER C, VENUS 'Y, et al. The role of
auxins and cytokinins in the mutualistic interaction between
Arabidopsis and Piriformospora indica [ J]. Molecular
Plant-Microbe Interactions, 2008,21(10) . 1 371-1 383.
HILBERT M, VOLL L M, DING Y, etal. Indole derivative
production by the root endophyte Piriformospora indica is not
required for growth promotion but for biotrophic colonization
of barley roots [ J]. New Phytologist, 2012, 196 (2):
520-534.

SPLIVALLO R, FISCHER U, GOBEL C, et al. Truffles
regulate plant root morphogenesis via the production of auxin
and ethylene[ J]. Plant Physiology, 2009,150(4): 2 018-
2 029.

ZHANG H, KIM M S, KRISHNAMACHARI V, et al.
Rhizobacterial volatile emissions regulate auxin homeostasis
and cell expansion in Arabidopsis[J]. Planta, 2007,226(4) ;
839-851.

NIEMI K, VUORINEN T, EMSTEN A. Ectomycorrhizal
fungi and exogenous auxins influence root and mycorrhiza for-
mation of Scots pine hypocotyl cuttings in wvitro [J]. Tree
Physiology » 2002,22(17); 1 231-1 239.

CONTESTO C, MILESI S, MANTELIN S, ez al. The aux-
in-signaling pathway is required for the lateral root response
of Arabidopsis to the rhizobacterium Phyllobacterium brassi-
cacearum[J]. Planta, 2010,232(6): 1 455-1 470.

GAY G. NORMAND L. MARMEISSE R. et al. Auxin o-
verproducer mutants of Hebeloma cylindrosporum romagnesi
have increased mycorrhizal activity [ ] ].
1994,128(4) : 645-657.

HERRMANN S, OELMULLER R, BUSCOT F. Manipula-

New Phytologist »

tion of the onset of ectomycorrhiza formation by indole-3-ace-
tic acid, activated charcoal or relative humidity in the associa-
tion between oak microcuttings and Piloderma croceum ; in-
fluence on plant development and photosynthesis[J]. Journal

of Plant Physiology, 2004,161(5): 509-517.



1374

[N A N 7/ B S

38 &

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

JENTSCHEL K., THIEL D, REHN F, et al. Arbuscular
mycorrhiza enhances auxin levels and alters auxin biosynthe-
sis in Tropaeolum majus during early stages of colonization
[J]. Physiologia Plantarum, 2007,129(2); 320-333.
KALDORF M., LUDWIG-MULLER J. AM f{ungi might af-
fect the root morphology of maize by increasing indole-3-bu-
tyric acid biosynthesis[J]. Physiologia Plantarum ., 2000,
109(1): 58-67.

FITZE D. WIEPNING A, KALDORF M, e al. Auxins in
the development of an arbuscular mycorrhizal symbiosis in
maize[ J]. Journal of Plant Physiology. 2005,162 (11):
1 210-1 219.

PEREZ-FLORES P, VALENCIA-CANTERO E, ALTA-
MIRANO-HERNANDEZ J, et al. Bacillus methylotrophi-
cus M4-96 isolated from maize (Zea mays) rhizoplane increa-
ses growth and auxin content in Arabidopsis thaliana via e-
mission of volatiles [ J]. Protoplasma, 2017, 254 (6);
2 201-2 213.

ZHOU C. ZHU L, MA Z. etal. Bacillus amylolique faciens
SAY09 increases cadmium resistance in plants by activation of
auxin-mediated signaling pathways [ J ]. Genes, 2017, 8

(7). 173.

KWON Y S, LEED Y, RAKWAL R, ez al. Proteomic ana-
lyses of the interaction between the plant-growth promoting
rhizobacterium Paenibacillus polymyzxa E681 and Arabidop-
sis thalianalJ]. Proteomics, 2016,16(1); 122-135.

KALLURI U C, DIFAZIO SP, BRUNNER A M, etal. Ge-
nome-wide analysis of Aux/IAA and ARF gene families in

Populus trichocarpa[]]. BMC Plant Biology . 2007,7(59)
1-14.

CASIMIRO I, BEECKMAM T, GRAHAM N, et al. Dis-
secting Arabidopsis lateral root development[]J]. Trends in
Plant Science, 2003,8(4) . 165-171.

WANG J, ZHANG Y, LI Y, et al. Endophytic microbes
Bacillus sp. LZR216-regulated root development is depend-
ent on polar auxin transport in Arabidopsis seedlings[]].

Plant Cell Reports, 2015,34(6): 1 075-1 087.

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

ZAMIOUDIS C, MASTRANESTI P, DHONUKSHE P, et
al. Unraveling root developmental programs initiated by ben-
eficial Pseudomonas spp. bacteria[]]. Plant Physiology .
2013,162(1) . 304-318.

ORTIZ-CASTRO R. DIAZ-PEREZ C, MARTINEZ-TRU-
JILLO M, et al. Transkingdom signaling based on bacterial
cyclodipeptides with auxin activity in plants[ J]. Proceedings
of the National Academy of Sciences, 2011,108(17) . 7 253
7 258.

HELLER G, LUNDEN K, FINLAY R D. eral. Expression
analysis of Clavatal-like and Nodulin21-like genes from Pinus
sylvestris during ectomycorrhiza formation[J]. Mycorrhiza,
2012,22(4); 271-277.

POUPIN M J, GREVE M, CARMONA V, etal. A complex
molecular interplay of auxin and ethylene signaling pathways
is involved in Arabidopsis growth promotion by Burkholderia
phyto firmans PsJN[J]. Frontiers in Plant Science, 2016,7
(492) . 1-16.

TEALE W D, PAPONOV I A, PALME K. Auxin in action:
signalling, transport and the control of plant growth and de-
velopment[ J ]. Nature Reviews Molecular Cell Biology .
2006,7(11) . 847-859.

KALLURI U C, BASU M M, JAWDY S, et al. Auxin sig-
naling and response mechanisms and roles in plant growth and
development[ M ]. Genetics Genomics and Breeding of Pop-
lar, 2011, 231-254.

GRUNEWALD W, VAN NOORDEN G, VAN ISTERDA-
EL G, et al. Manipulation of auxin transport in plant roots
during Rhizobium symbiosis and nematode parasitism [ ] ].
The Plant Cell, 2009,21(9): 2 553-2 562.

HANLON M T, COENEN C. Genetic evidence for auxin in-
volvement in arbuscular mycorrhiza initiation[ J]. New Phy-

tologist, 2011,189(3): 701-709.

(3. K I)



