Mol Bl 2 BF 58 2015,28(6) :871 ~ 876

Forest Research

XEHE:1001-1498 (2015)06-0871-06
BERIA FBLI 3 84K iR R T E K BE IR

o, BRET, ER&ET, AL, FEAY

(L. B UMl I 7 Bl P ) B3 o0 VIR R At 210037
2 MARBEAE T ERELLRE, PREMLRZADITE BB T, JEa 100091)

WEARKZREGESHSRENHYN AR ETEAEENZW ., R MNEREY 84K’ (Populus alba x P.
glandulosa . 84K’ ) 4y T 1L K ZZ AL PurFBLI ,F ] PMDC32 #4% T PMDC32-PuFBLI # 4 %k 21k, 3
W AT ARG T B 17 1 TR ZEEANY 3 AN LRk R AR FEAAR AR 2R AR R M G bR 55
PRI WIS R TR R R SR KA EAR AU B B s B g 2R MR R T PN ERARKE P
RNEMRERZEFARE VR SFAT A AR R 1 B v T RE, LR 22 M i R bk R A 31 18 38 22 55 BR <AL
FRHIE (Ls ) ARTF X IRAN , AL 3 (Cd) K4y R (WUE) SGREFI RS (LUE) R4 A X & & & & T X
MOHRZEE RN AR R BN B E2E R, U EEERRY, e FBLL BRIRIE I T 5L R R AR R A
TR 3R T /KA SR 5 B W SORI R, 2 T S B0 B Rk SR 0B RE RS AN % AL O AR &, 5 R e B IR R AR Kb
KABIA W RIE  FBLL 84K M AR R AR K

FE 42K 5 :5718.46 X HERFRIRAD : A

Over-expressing FBLI Receptor Led to Root Formation and Growth of
Populus alba x P. glandulosa cl. ‘84K’

SHU Wen-bo'* , ZHAO Shu-tang® , ZHANG Jing-jing’ ,ZHOU Yi-hua', LU Meng-zhu'">
(1. Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China;

2. State Key Laboratory of Tree Genetics and Breeding, Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract ; Poplar is one of the major fast-growing tree species in China, but little was known about the effect of auxin
on fast growth and secondary growth of poplar plants. In this study, PirF'BLI for auxin receptor gene was cloned in
poplar, the over-expression vector of PMDC32-PirFBLI based on PMDC32 was constructed and 17 PirF'BLI over-
expressed plants of P. alba x P. glandulosa cl. ‘84K’ were obtained. The root, growth and photosynthetic inde-
xes of 3 transgenic lines and the control were analyzed. The results showed that the total root length and total root ar-
ea of transgenic lines were higher than those of the non-transgenic control lines, and the differences were all signifi-
cant or extremely significant. On the other hand, the mean adventitious root length, mean adventitious root diameter
and root biomass were not significant. The plant height, average internode length, average internode diameter and
ratio of height and diameter were higher than these of the control lines. In addition to lower limitation of stoma
(Ls), all the other indexes, i.e. the stomatal conductance ( Cd) , water use efficiency (WUE) , light use efficien-
cy (LUE) and relative contents of chlorophyll were higher than those of the controls, and the differences from most
transgenic lines reached significant or extremely significant levels. The transgenic lines increased the root areas, and

had stronger photosynthetic efficiency and rate of water consumption, and promoted biomass accumulation on
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ground, thus had the accelerated speed of growth. Therefore, the PirF'BLI gene has the potential to be manipulated

to improve the growth.

Key words: over-expressing ; FBLI ; Populus alba x Populus glandulosa cl. ‘84K’ ;root formation ; growth

AR (auxin) AE A ) A 4 R 48 AL
W 7 I — LA W P R vk R PR 25 R AR
e AV BRI € RACE g W BUR 8 ) DA 3N
312 iy e 2 e T R o B 380 G A AL A, 4R )
WARKRGE S SRERERAY = 6E, JEmiH
PRV AE R KBTI, MER KT A EIEE
HO N ER R MR TS,
A RRESHSRIEEIGE T B T
PRI RS o A2 KR 2 A A KR AR T e 3
BOEYIE R R H BA M. H AT
Wb R 3 K4 K E 24K ABP1 (Auxin Binding
Protein 1), TIR1/AFBs ( Transport Inhibitor Resist-
antl/Auxin Signaling F-box) } SKP2A ( S-phase Ki-
nase-Associated Protein 2a)'*', A= K 220 1 5L K 1
A SR TIRL/AFBs £ 5 3 1290 3000,
IBAE LG A2 K R 32 AR TIRL/AFB e 53¢ 40 il 1
Aux/TAA ZERK W FF ARF 5L 505 TIR1/
AFB J& 5 55 R IRE ¥ 5] (LRRs ) 1) F-box M,
Sz F A B B R R AR A G TEAR A KRR I,
Aux/TIAA 5 ARFs S545 B 1 25 A< 3% 0 o 5 [H] B
Fesg s MAERRWER it A E R R ER 0T
S PR, i Aux/TAA 55 SCE™ 85 5 76—, TR A
SCF™ -t K Z-Aux/TAA & A K T Aux/TAA
iz AL TF B 26S 2 11 1A R A, AREs 4 R B
K, 5 AuxRE 455, 58 S0 sl i) A= 1< 2% me B Rk
PR3k, 7 TAA W o BRI, TIR1/AFBs 5524
KEGERAERKEESH PP . HhotiE
S TEAU R IT R TIRD AR — DR KR, Bk A
5 4~ AFB(auxin signaling F-box protein) &5 H ( AFBI |
AFB2 (AFB3 AFB4 f1 AFB5) f£7£"), TIR1 45 AFB2
RAEKFESIER Y £, 1 AFB4 X} TIRL FI
AFB2 FAT Lk, A 177 o gl
REWL,TIRL 5 AFB2 L A 2 (3 [ H A7 B 2
A TAEAE AR, [ AFBL B AFB3 HA i %
My FERIRIT TR 9878 TIRT Jig 80 1 AR
o™, BARTEMIRIT F A RMUKRE " S
TIRI BRI NREC A T IR ABIBITE  (HARA
VI EA Z 4R R MIE RS R, TIRT K& PR 52 1 4
e e R b R SRR GG Rz b A

WF2E MR IR 4% < 84K’ (P. alba x P. glandulosa cl.
‘84K’ ) 4 E T Y ST TIRI [6)J8 3L K PurFBLI | i®
PG A PR R 98 TR B DR R AR, I X e ik A
TR RBLHAT 00T, 0 TIE KRG 5 RGHE
AN E BRI A 4 R B B Al

LA S

11 B

HRIRAS 84K TCH i N ARA I8 AL B R [ S
S (P EMOERHAFEBE ) SRAFIE B KB AT
DH5a AT H GV3101 T F & pDNOR222. 1 JFiki
P Hy AR S 2 AR AT BRI P N DDl & DNA 3% H i 1)
H NEB 23w ; DNA B IS0 & JookL $2 st )
& H AxyGen 7 ] ; pGEM2TEasy % {4 H Pro-
mega /v ) ; Tag DNA R4y H TaKaRa /3 5] ; RNA
PRI S 5k i PCR DA BB H Sigma 24
s PCR G115 ANy S HERE LA 1) 2 W) 58 il
1.2 ik
1.2.1 maf&ityd AOHERI T TIRI
SE P 9 AL B R A7 (P trichocarpa ) Hk PR 20 50405 P8
(http ://phytozome. jgi. doe. gov/pz/portal. html ) 47
HoXT A 2N B R IR SR PorFBLL 751, #4617
SNV HER R S 1) PCR 514 (4 1) ,dliid RT-PCR
T NE A% 84K ¢DNA 85453 PrrFBLI bk
, SEE SR pDNOR222. 1 |, 2890 7 J5 WV o P %2
HEFIRE R PMDC32, ¥y % 35S : PirFBLI #8313k
BRI AL BIRAT R GV3101, A HIARAT E A 3
R BEE AL 84K 47,

1 zpg PrFBLI EEFEKESE PCR 5347
Fr RIS 4

EIRZER YIS 3)
PuFBL-1-F GCCTCTTCTTTCAAGGATCG
PuFBL-1-R TCAAGAAAACCTTGACACAGAATC
PuFBL-1RT-F CACCATGTGTTGTCTGGGTG
PtFBL-1RT-R TTCTGACCCAGCAGCTTACA
PurUBQ -F GTTGATTTTTGCTGGGAAGC
PuUBQ -R GATCTTGGCCTTCACGTTGT

1.2.2 AEp A3 Ao il A 4500 SRR B AL M
PRIEH] 84K A7 21 1 W Tl 2 3 .4 IR, B R 2%
PF R 23 ~25°C DR 16/8 h( HR/ B DL



5 6 3]

EPSCUE, 45 REFRIA FBLI %) 84K MR R F0AE KRB 5 873

BEAE S0 wmol « L' - m ™ - s TR R, BA
W F21K 35S« PurFBLI [ FFIAE ODyy =0.6 ~0.8
I 84K I3 o YL S I M SLTEAS 8 275 T 4
F2 3L ( SIM, Murashige-Skoog ( MS) ) L7 8% 72 FL 3%
0.5mg - L™'6-BA f10.05 mg - L™' NAA | {EJR A
h24 £2°CHRIE A PR R 3 do SRS
RS 25 3 mg + L7 hygromycin B8 %)
#1200 mg + L' Timentin (453577) /Y SIM |, 7ER5 5%
TE R 23 ~25°C JEly 16/8 h( B R/ BK) DR
SRR 50 wmol - L1 - m ™ - s TS TS A
WHUHEAEZF . @it 29— D Wi S5, itk
RNEFEBZE LA 3 mg - L' hygromycin B £ 200
mg - L™" Timentin (4= H45 5535 (RIM, B 1/2 MS 3t
ARBEFRILA N 0. 05 mg « L™ IBA F10.02 mg - L™
NAA) H EZEIFF A EMR . FEPLEE 3 s
35S::PurFBLI #F4fiJg A K | DM H MR REFEKR R, L
‘84K’ M B R RURE AR A IR, TR R 2P E 30
PR, eI o M B2 IA 35S PrrFBLL X e 3L A
FERRAS E MR AE KB 22D E A 3 IR
1.2.3 RNA 2B 4= RT-PCR 44 HILHEEEZEM
Xof AR AR 70 BB 3 MR TR 5 JBORE , RNA 42 JRURI S e s
A3 FEAE ) 2. RNA 2 B ) & ( RNeasy Plant
Kit) £ Jz % 5571837 &1 ( SuperScript I1T first-strand syn-
thesis system ) 3R (1) J5 ¥5 #E47, € £ PCR 1951 ¥ (i
JH Primer 5 {4 (http ://frodo. wi. mit. edu/primer3/
input. htm) B3 (JFF LR 1) o L6 E & PCR
f4¢ SYBR Premix Ex TaqTM 1T 55 £ ( TaKaRa,
Dalian, China ) 1 Roche 480 5L [ ¢ )t & & PCR 1Y
(Roche Applied Science) 1 BH 548 F , BRFE S 4 IR
H4L, ] PrUBQ BRI NS IR
1.2.4 RAEAAERKZT PRI MATETRLEMNT
K WinRHIZO #2 2 9 Hr 22 G800 7 i 25 € A8 30 d
)2 i PRI BR AR 2R B AR RS TRl R AR (B (A 2 AR &
P HAR (mm) K (em) EBHRRK (em) EARFR
IR (em® ) FIMR R T (g) R IR R B0 I0E 15
s BRI DRIO BERR R TR A E A 105 d I, 00 By
(dm) SEEATEA (em) FHBAE (mm) , BAARR 2
ISE 15 Kk 5 e ik ARG B PR 2R iR 28 A8 120 d
I, 2R ] SY-S02 AB 4y 123 2R I 5 S0 5 Pt 3R AH XS
Bk (SPAD) 1 Li-6400 ( 3 ) 5 #5206 A1 A
ENCEAETER, AR R 2 AME 3 ko I
WP A TORE T 5 3 7 55 4 RS S it
DSE B R 4 21808, (] Li-6400 M 8.

00—12:00 J7E , (4% A 3L sk EOE a3 AR (Pn)
6] CO, We & (Ci) RALFE (Cd) (mol + m™? -
sT) FEMEH R (Tr) , Jo & A SR ST (PAR) (45K
CO, W (Ca) FFHUH, M Ls = 1-Ci/ Ca TR AL
FR#NME (Ls) , F) JH WUE = Pn/Tr( pmol - mmol ~! ) 33t
it Bk MR (WUE) , M LUE = Pn/PAR
BT FOERER AR (LUE)
1.3 HEszit

I FH Microsoft Excel £ SPSS17. 0 5 44E X B 1k
FrAb PR, SR FHBC A REAS BN 3R 07 22 70 B AR R AN () 4
B Ta] A A A O T [E] I 2R 0 25 1] )
22 5v, ] LSD ik 36 22 57 W 2 M /K F, FHAH OG0
Mg i A K AR FR FOG G AR FR ] 1Y G

2 HERGHH

2.1 PuFBLI BRZEHEEAEKNABIES
RT-PCR 4 #f
KT E R RS SR AR E BN

i), A AR AFF B A T 0 Bk 56 AL 84K A7, il i 4t
PR ZE A PCR A IAS 2] 17 Dphsr B BE bR R . &
5 RT-PCR 55 5%, PurFBLI JL[H 12 /40 i 56
IKEEREDRRR R IR 3 A 1 30 d IR A T S 41 4 36k
HEELTCE ), 5% A A 10 f5 2L,
BEMLPELE 3 DL IAR R (#6 #13 FI#15) Fil 84K
ST BRERER NERALE ALK
o OE AR SR AR T E

40
Z10

T TR AR 2RO SRR BT BRI B0 * 84K xS IR AEL 1, 14
g MRS (AR
Bl 1 BEIE D AN TR Bk AT X e s i o

2.2 PuFBLI BRIERHBEFRBEKRATEREK
FADNEE S I PerFBLI 833K % KL AR MR AR &
KRB EIEE(E 2), RE e 30 d B 84K’ 4% 3
RS IRR 2R (#6 (#13 FI#15) A E R R BRI
FE VR AK B R AR R TR 55 0. 83
~0.96 mm. 4.3 ~5.0 cm 187.47 ~ 196. 17 cm,
13.7 ~15.9 ecm® . F10.005 7 ~0.015 4 g, i %} Al
AT 5140.82 mm 5.9 em 136.86 ¢cm 11.6 cm® Fl



874 Mol B

5528

0.016 5 g, Z5FFLH . 55 BEARRAH Lb , 75 3L R 7k &
PR AR AR T AR 4 S 0, 25 58 31 K
V(P <0.05) itk i & /KF-(P <0.01) , T & 15
AP ER R KEA IR, AERERIE
FrEgm HER S AR E (P >0.05) (K 2), Y
PrrFBLI i 32 A A2 o T %% 6 PR AE AR AR &R 9 2B K
PirFBLI /- RAERK R G S KRG R R R4
KHA EEM R
2.3 PoFBLI BRZRETHEEHEBEKRE SN
rEK

e I PRRELBR Y R A R B R R AR AR (R
3A) O T HE— 2 W i 2R GE PrrFBLI BERG Az
AR AR I, A 5 X7 5 R Ak R & e A 105 d
BFAROCAE K AR AR b AT T . 5 R 3R i A
FERR T o X K b AR A AR H 4 Bk 3. 83
~4.11 dm.2.04 ~2.13 em,2.75 ~ 2.95 mm Al
135.39 ~ 140. 08 ([&] 3B) , Tfij %f BEAE K43 51K 3. 39

oyl PtrFBL1

SR/ cm

PR/ dm

[IIOP+trFBL1-15
EIPtrFBL1-13
EEEPtrFBL1-6

2
LT T LT
AN
R R

0.0 0.10.2 0.3 0.40.50.60.70.8 09101112
# FIORBEKF(P<0.05) , # = FRWBH K (P <0.01)
K2 BRI RR R RER AT

dm.1.85 ¢cm.2.59 mm . 130. 84, JFZEHres Rz
B3 A [r) 1) 55 DR bR AR bk s P 5 TRl AR
FEARE & T BRAE R, AR 3 DR R ik 3
BEWACE (P <0.05) , P35 A  H Az Fl s 42
FoA$ 2 MR R 22 R B & K- (P <0.05)

B 77777274 za %
~ I (1) PtrFBLI-15
Hif2 0. 01 AN PLrFBLI-13
EiEE R g5 PtrFBL1-6
. 777727 O
42 /o L e —
N NN N ok

SRR B

i *

T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

T A FORMEFHL 105 d Fe R A7 TN I, B R N A KARSEMRAEL 5 = FOR B3RP (P <0.05) 5 LEBIRALEK 1 em
B3 BRI A AT SRR A

2.4 PoFBLI BRIZFHEEKR RN ESHE
ZEIEAE AR ) A KT K 73 TR ik &
T A 25 38, 006 e A 8% 02 25 1B 1F 1Y 3l
J1H 4 AT R AR R S5 AR 120 d B
3ANEEIENFRE R 1Y Cd \WUE | Ls \LUE FlIW- %3 25 A X}
G 0.5 ~0.63 mol - m - s 0.5 ~
0.67 wmol + mmol ' 0. 08 ~ 0. 104.0. 001 9 ~
0.022 H132.913 ~ 35.269 SPAD, [fii % HEAE k4 51|
47 0.42 mol + m~?
0.106.0.001 7 F1 31. 067 SPAD, J7 =41 40,3
IAFE R R R R Cd (LUE FIM- S R A &2
o X REAELAR T WUE A 2 AN & TR

- s7'.0.53 pmol - mmol ™" |

PR PR, FLIA 3 35 25 5 (P < 0. 05) sl i 2% 25 5+
(P<0.01) {H Ls {E UMK T XT BEAE AR , H 2 A5
PRIKBI R % 25 (P <0.05) stk B % 25 (P <
0.01) (Kl 4), M@ WK HiE. Cd . WUE  Ls I
LUE {ERIAPE A4 R (3R 2) R Mk bR 5 Ls
FAHISN , 5 HAB PR 75 2 IE A H AR R 5 8 3%
FHOE  SEMaFR BEAR YK < Cd > LUE > 4% > T[] >
WUE > Ls ; 15 [l 5 HAB PR 8 52 IE ARG, IR AR G5 3|
EME R AR YR R : LUE > WUE > Cd > #if%
>t > Lss AR BR 5 Cd TS A0, 5 HA A
BIEMSE, HY LUE ik 3| W 3EA0 5,1 5 Ls #1 WUE
IR B B A OG, R M FE BE KU Ok : WUE > Ls > LUE



56

EPSCUE, 45 REFRIA FBLI %) 84K MR R F0AE KRB 5 875

> PR > Hifg > Cd,

par

[ PtrFBL1-15
PtrFBL1-13
g3 PtrFBL1-6

HSERATRY 0. 01/5PAD (L L

A 257,
LUE¥100 &

WUE/ (1 mol * mmol") [Fr77 47
T

7 0 "
Cd/ (mol » m? « ) | LI ||._4A_.+H—
AR NN N\ N\, NN -
EEE S S RN SNSRI EE e n s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
o+ RRBEKFE(P<0.05), + + RoRf i FEKTF(P<0.01)
E 4 HEFEGROEAE R MR A5 R

x2 HERGHERMAESHEREXRY

Joil  MRm WREIKR WREEAR G Ls WUE LUE

L7 NE 1

WK 0.104 1

iz 0.316 0.139 1

cd 0.558 0.226 -0.009 1

Ls -0.018 0.056  0.808* -0.380 1

WUE  0.083 0.264  0.846* 0.057 0.836* 1

LUE 0.320 0.270  0.732* 0.491 0.566 0.865™ 1

T = FORBEAKF-(P <0.05), + * FoR BEKF-(P <0.01)

3 Zib5itib

HEREZGE SRR T K EGESHERZ 5%
SRR W BL R k. fal, TIRLY ABPLY |
SKPA2'™ S5 J5 iAIE W 2 A K 32 44, Hor TIRL j@
Sl T U A K 2 o R R 4 R R A AR K R
.25 MEARERER, Bz e Au/
TAA fifi Ho 26S 85 1 g4 5 g, UF 0% ARFs, If
e LR R 2 L R A B T AR, X TR R R
CBRAE B AR A 22 AH I A2 44 18 R 5 0, AR i) A L%
T A I A A KO i T e — 2B BT A

AT T M TIRI AR LN FBLI i it
RFFE A S 005 L 345 T 4 FBLI £ 4 W Al
i, Fh i 0T 5 Pk T R 2k B 3 b T A
PRIRRRHEAT T B0, TR 4% bk R R &R KA
AR 2R T AR 5 W 5 2 T X R, EL AR
R TR ) K A R 5 A R R B 33
] FBLI JEPR AR T A K 5 55 %, 51k
TR WA e R e ik, SRR T M IR K R
B AR RIS FHR MR A ER R E LT
T BAF B EEMFEAN . IR IF TIRL R KR
BRI TIRT JEPR 223510 W B i AR S i ] B
WL B A K 5 5 19 AXR2/TAAT il SHY2/

IAA3 REVEMI R ERR R L TR H . Rtk
I ARF FEMAIE i B 2R, H S Aux/TAA
AR A X AR B B A R R T B
ARF7 1 ARF19 3 i 3#7% LBD/ASLs( LBD29/ASL16
F1 LBD16/ASL18) F1 EXP17 ¥ AR T it ™ . 5%
SERFFSE R TIRD 58 2 45T W A5 5 2 40 0 19 i
PIRAKRE . LR kI, R K/DFIE S X E
PIARBOK S MRSy B T B Rk, FBLI 3%
XM R & B IHEERAE , Milk— 4 T AR
YRR EBRME T 073, BX 0 FEF MR
MEAE AR PR B Rk A B F S

TIRT JER XA T Rt ™ R A R

VR AR LAGE . BTSSR FBLI Rk 5 AL A

FERRAR B 38797 (S o AR = 4 B 2 v X B
ULEH T FBL1 XN A7 A K 19 IE R4 1E . X Fp e
HEAE AT A7 AE A JR R . —J& FBLL 0] LB 358
b AR ER A AR 4 25 T o R0 A= S A ZH LT
A AR R XS T AR K 3 3 R AR R
AR FIAR I A TR AR R 45 R, R 6 DR A Ak
IR R AR EFR A AR . b R4 BT K
I3 VB IR AR SO A T4 o ) s e, T
M BT AT LR 4EAE Z2 OS5 R b R ), 3 28 B AR &R
PRULRRE AR . YA R KT BRAR SHb 13
Or A EARHE AR EARE A BB R R KE
BRI R Cd \WUE [ LUE FNW 2% 2 {5 5 T4
WA FTRER T FBLI B[R 8 3k 14 i 1 % 56 R Al
FRAR AR TR, 45 1 K FFR 43 i W SR i, a2 i
FUE LR bR A G2 R LUE {3800, 32 55 T A A
REM SR AL 0% s [ i) Cd {E 3G K, Ls {H AR, 3
ITOGEEER fEE T AR A R B
PRAE R R

ZELRT IR, AW RN A 84K B T
PrrFBLI FEPR JF38 18 35 4% 2 Ak 4R A5 8 38 38 B S PR A
PR, SE DR AR R R R AR i R b LR
Kot i E 0, Uil FBLI r R MAKRESH S
RGN ARAAEY) A K B BA ELEN 50, (H I
FEVLHIA Rr e TR AR

B30k :

[1] Lau S, Shao N, Bock R, et al. Auxin signaling in algal lineages:
fact or myth? [ J]. Trends in plant science, 2009, 14 (4) ;182
—188.

[2] Salehin, M., Bagchi, R., Estelle, M. SCF™"*"_hased auxin

perception: mechanism and role in plant growth and development



876 Mol B

E 28 &

[J]. The Plant Cell, 2015, 27(1): 9 -19.

[3] Yu H, Moss B L, Jang S S, et al. Mutations in the TIR1 auxin re-
ceptor that increase affinity for auxin/indole-3-acetic acid proteins
result in auxin hypersensitivity [ J]. Plant physiology, 2013, 162
(1):295 -303.

[4] Villalobos L I A C, Lee S, De Oliveira C, et al. A combinatorial

[l

TIR1/AFB-Aux/IAA co-receptor system for differential sensing of
auxin[ J]. Nature Chemical Biology, 2012, 8(5) :477 —485.
Dharmasiri N, Dharmasiri S, Estelle M. The F-box protein TIR1 is
Nature, 2005, 435.441 —445.

[5

[

an auxin receptor[ ] ].

[6] Parry G, Calderon-Villalobos L, Prigge M, et al. Complex regula-
tion of the TIR1/AFB family of auxin receptors| J]. Proceedings of
the National Academy of Sciences, 2009, 106:22540 —22545.

[7] Hu Z, Kegeli M A, Piisili M, et al. F-box protein AFB4 plays a

[

crucial role in plant growth, development and innate immunity|[ J].
Cell research, 2012, 22,777 -781.
[8] Ruegger M, Dewey E, Gray W M, et al. The TIR1 protein of Arabi-
dopsis functions in auxin response and is related to human SKP2 and
yeast Grrlp[J]. Genes & Development, 1998, 12(2) ; 198 —207.
Ren Z, Li Z, Miao Q, et al. The auxin receptor homologue in Sola-
num lycopersicum stimulates tomato fruit set and leaf morphogenesis
[J]. Journal of experimental botany, 2011, 62(8) ; 2815 —2826.
[10] Bian H, Xie Y, Guo F, et al. Distinctive expression patterns and
roles of the miRNA393/TIR1 homolog module in regulating flag leaf
inclination and primary and crown root growth in rice ( Oryza sati-

va) [J]. New Phytologist, 2012, 196(1) : 149 —161.

[11] B M. ECai AL E LS A A SRR ID]. )
P4 PGB R AA A A3, 2010.

[12] Peer W A. From perception to attenuation: auxin signalling and re-
sponses [ J]. Current opinion in plant biology,2013,16(5) :561 —
568.

[13] Jurado S, Diaz-Triviiio S, Abraham Z, et al. SKP2A, an F-box
protein that regulates cell division, is degraded via the ubiquitin
pathway[ J]. The Plant Journal, 2008, 53(5) :828 —841.

[14] Ljung K. Auxin metabolism and homeostasis during plant develop-
ment [ J]. Development, 2013, 40 943 -950.

[15] Xie Q, Frugis G, Colgan D, et al. Arabidopsis NACI transduces

auxin signal downstream of TIR1 to promote lateral root development

[J]. Genes & Development, 2000, 14(23) : 3024 -3036.

Guseman J M, Hellmuth A, Lanctot A, et al. Auxin-induced deg-

radation dynamics set the pace for lateral root development[ J]. De-

velopment, 2015, 142(5) : 905 -909.

[17] Piya S, Shrestha S K, Binder B, et al. Protein-protein interaction
and gene co-expression maps of ARFs and Aux/IAAs in Arabidop-
sis[ J]. Frontiers in Plant Science, 2014, 5; 1 -9.

[18] Gupta A, Singh M, Laxmi A. Interaction between glucose and
brassinosteroid during the regulation of lateral root development in
Arabidopsis[ J]. Plant Physiology, 2015, 168(1) ; 307 —320.

[19] Xia K, Wang R, Ou X, et al. OsTIR1 and OsAFB2 downregula-
tion via OsmiR393 overexpression leads to more tillers, early flow-
ering and less tolerance to salt and drought in rice[ J]. PLoS One,

2012, 7(1) : €30039.



