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FWE FAB1/PIKfyve& /N 5PI(3,5)P, (M ARt IIEES,5- L) A4 & i ) B R LR S » 75304 A% £ (Saccharomyces
cerevisiae)¥, PI(3,5)P.Z 5 ¥ My N iz i, ELEMEYIH B D> . 1&SC#E I 4l B 7T (Arabidopsis thaliana) FAB1
[ T-DNAJE N SRR 11 R BB ATPI(3,5)Po I 2E W % ThEk . IR S FABLE R K R & FAB1A. FAB1B. FAB1CHIFAB1D
POANFEIR . BFFE I, fabla/b S BUMERC TSR R AL . R 8% 422 3k {3 fablb/c/d =R Ak, KINFABLB. FABLCH!
FABLDI) RE R 2k 5 S0 B AR L B AR B AR 3, 28 FAB R 5 ML 301177 Y M2016 36 40 3L f5 1) BT A= 20 o+ 00 5% AR 8L 09 4 AR B 3R
. Ak, fablb/c/d = RA R HDREEE /K FEAR . IR, MG A=K 225 0I4)2,4-DRINAARBEFE 73-1% 52 fabb/c/dfE A i
REHIFER, {Hfablb/c/dRAANS £ K R FEZIH]7(1-NOAFITIBA) KIS M 587 4 RALL, k4, FAB1B/C/DIhAEHLK
{FHREHROSH & &> Hzm I3 A RIE. R4 R, FABIB/C/DE I WEEK R 4. ROSEEMIAIEN
(2R 5 M UL B AR B A

XHiE  FAB1, B, AKX, WA, NahdiA, M

hERE, DXE, LEF, BEE, T8 (2020). SRRV EEEFABIEZ L ITR M. #Y%9) 55, 126-136.

R B A PR R 0 B2 G 4y, B ROK
Iy WE TR S H IR AE Y HAE S TR (AL
55, 2004) . A6 PRI Tty Ae g T 576 240 L P M 12
A KL AE T 1R 47 A Y (Griersona et al., 2014).
KRR BT AR EE R, EREIm K
RESEFRDAT D AKEE TSR E
arf7/arf9 (auxin response factor, ARF)[¥JR EAH HL B
ARG, #/0(Qin and Huang, 2018). rhd6 (root
hair defective 6)7%75 A% £ A4 nf DL i M it
InE K ZIAATR LUK E (Cui et al., 2018). 4K Kt
A5 CrRLKTL I A ERULUS Sk 42 il 42 2% - 3 2 o
i i B 20 5 1 & il (Schoenaers et al., 2018). f B
K B2 A1 Bl & 40 O K% 1) B B T v 19 %2 3l (Zhang et
al., 2015), Tt & # B % i B AR B F- WL 3h & A
(Nakamura et al., 2018). fi 22 R Gt an K 2B IR, 5t
2R B9 K (Ketelaar et al., 2003). £5 55 7-(Ca™)
NG M (ROS) 2 MR B KT R 24 EEE 515
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J&#%(Mendrinna and Persson, 2015). Ca®" 741 )5
Hh DU IR BE B FE 43 AT (Ishida et al., 2008), Hik
FE AR AL 75 ZEROS 1 72 A I HL 75 2238 hn 4t e 2 i ¥y pH
KA, AR EROS [ 7 A4 X% Ca® it N4 i,
Y FE I Y Ca® Ik FEE B B2 (Monshausen et al., 2007).
Et, WETURMKZAEKE. Ca/KF. #L. pH
MROSE 2 Mk 25 42 .

1 12 L B% (phosphoinositides, Pls)7E 2014170
ARG, B 5] AT K BT 5T % R (Balla,
2013). HEARBERRILIEE S A0 BB AR 1K — N 2 (Pay-
rastre et al., 2001; Mueller-Roeber and Pical, 2002),
RN LG ST, MRESEEA. FH)
715 FFE RIS F 7E P 1% PP 40 i i #2 (McCartney et
al., 2014). PI(3,5)P,{EE# L} (Saccharomyces cere-
visiae) F1 IR FL 30 7 73 ) o sl B R LIRS 145 0.1% A1
0.04%, 5 2 E110.05%-0.1% (Dove et al., 2009;
McCartney et al., 2014; Hasegawa et al., 2017).
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PI(3,5)P, 4 1997 5 4 K BLLASK, B AE 9 B i AR
T TR JULIRE, L T 2 1) pA) Ak A i A AR op 22 S 2
TGS, TRV B AR RS RN TR R
(Dove et al., 1997, 2009; De Craene et al., 2017).

TE B BERIE FLEh Wb, PI3P L ME— (I FAB1/PIKfyve
BB R AL 2EPI(3,5)P, (Gary et al., 1998). 7EEA K}
H FRFAB1 3 ELPI(3,5)P, 76 Atk 2k, i A iR il SRl
4K (Kirsch et al., 2018). /)i (Mus musculus)H
PIKfyve I §% il 2 it f 5 1 BE it 25T (Takasuga et
al., 2013). A[F] T B BRI L3 ) 40 i, 40 Fd JF (Ara-
bidopsis thaliana)k [ 2H #1414 & 4 1~FAB1/PIKfyveil
fi: FAB1A. FAB1B. FAB1CAHIFAB1D (Whitley et
al., 2009). AL F i FL R B, R PR FABLBF]
FABLD 52 Ml 164 85 1 K A5 o JBE Py 7 34 B2 0 12 (Seer-
razina et al., 2014); ifi [Fi f R FAB1BFIFAB1Ci&
RS ALK kG (Bak et al., 2013); FABLARIFABLB
IhRESE I 5] ALK ESE(Whitley et al., 2009); 1fi
i FABLARI FABLB ) 32 15 itk R 22 % 1) 38 2R dl g,
WIRIAR K S VR ER P 5 AR B T3S 7 (Hirano et
al., 2011, 2018; Bak et al., 2013). R4 R 7EHE
B, RN T, FABTFAE B AT S B A2 Th
RE o AW TR FH I8 A% 2 . 4 M AR 47 5 RO 24 31 52 55 O3 iy
Jiik, EUGIEM T FAB1Z 51 MM TR BIF K.

1 MR5EE

1.1 B SERFES
B 7T (Arabidopsis thaliana L.) Col-0 (Columbia-0)
4:#&% . DR5::GFP. DR5:GUSHIABD2::GFP%5#4
BHA ALY R R/ A7 . FABLIRAE {kfablb-2 (SALK_
066673). fablc-2 (Cs1002310)Fifabld-2 (SALK_
047604) 14 F #, 7 7+ 9% 4% 44 i ABRC  (Arabidopsis
Biological Resource Center). X HPCRJ7 %% &
T-DNAJR N A& RAGR . B 51907 5 R

WIS B AP IT RN, TR 5 AR R SR T 4°CHF
3K o BFh TRl T1/2MSE; 773 (% 1.5% agar, F
)b, HiFRIREEAN22°C, SUAHIN16/N D /8 /N i
S, HIGHEE N80%, JEIRAEE 290 ymol-m™?-s™,
F Zeisstk 2 & 1445 (Discovery V20, T [&)M %< 347
M2« H Zeiss %t i fUE (Axio Imager 2) WL 52541
MR B AL

SRS BRRUESE FABT MM IR B MK 127

A 2RSS AR BN B IR A N B IR R K
HE R Fiifabb/c/d4) i #: % %54y 54 4710 nmol-L™" 2,
4-— 5 4 L (2,4-dichlorophenoxyacetic acid, 2,
4-D). 0.1 pmol-L™"Z% 2. (1-naphthaleneacetic acid,
NAA). 1 umol-L™" 2,3,5- = il 3 F % (2,3,5-triio-do-
benzoic acid, TIBA)F120 pmol-L™1-Z & 2. # (1-
naphthoxyaceticacid, 1-NOA)J1/2MSK; 74 |, #%
F2 3K Ji H Zeiss A& =02 i M %4id ¢ . YM201636
(FABARE S 1t 1) 751 ) b 388 - g B A= R 40 7 I b 178
#4310 pmol-L™" YM201636(K11/2MS¥% 373 -3 375
Ko HlImaged KA EMRBRKE . FiRSLie gk ar
MBI EE, AP EERINEARER.

1.2 FEERT-PCR

H1/2MSH5 7 dk F 315 725K (1 B 4= Y Fifablb/c/d 58 A%
41T %300k, K FHRNAprep purefti®) B RNAIR 7]
& (KRR, Cat No.DP432)# B ¥ S RNA, %8 J5 H
ReverTra Ace Jx % 3% i #& % (TOYOBO, Cat No.
FSQ-101)# 17 = % 543 cDNA. LLAtACTINZ A5
H, H RT-PCRAL Ml %% 4% {4 o FAB1B . FAB1C Al
FABLDJE {4 i . BT 51407 51 W3R 1

1.3 REEKERNE

T A B Fifablb/c/d AR 44 [ Fh-F 4 Bl e Al T i
1/12MSHE:F=HE 8 Fr b, R 803k A [ e 78 55 77 L
xzL 55

Table 1 Primers used in this study

Primer Primer sequence (5'-3") Purpose

name

F1 GGCGAGGGATATTGA Genotyping of
GTTCAG fablb-2 and RT-PCR

R1 GTCATACATGTGGGA  Genotyping of
TCACCG fablb-2 and RT-PCR

F2 TGGGAGAAAACAGCAA Genotyping of
TGAAC fablc-2 and RT-PCR

R2 CACGACAACTTCCCCG Genotyping of
AAGCACAA fablc-2 and RT-PCR

F3 AGGTTGGGATGAATGG Genotyping of
TTTTG fabld-2 and RT-PCR

R3 AGGTCGTGCCGTATC Genotyping of
TCTTTC fabld-2 and RT-PCR

sgtDs3'-1  GGTTCCCGTCCGATT  Genotyping of
TCGACT fablc-2

LBb1.3 ATTTTGCCGATTTCG  Genotyping of
GAAC fablb-2 and fabld-2

AtACTIN-F GTCGTACAACCGGTA Internal control for
TTGTG RT-PCR

AtACTIN-R GAGCTGGTCTTTGAG Internal control for
GTTTC RT-PCR
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H, 22°CH:FR3 K. W8P B T Zeiss 7Ot W15t
(Axio Imager 2) F W52, PhikfFFA SLuGE R IR E I
FERRS AL IR, ELLMEE505 8 o BREZFMRE
Kt A, IF F Imaged I AF I B AR B K, o Hr
KRS SEIG AP T A TRR SR AR 44 55 W 22 35K A4,
TR 20 E

14 FRHEBERMESY

AW U4 F 0O 6 3R AR B B 71 5 ANikon AR+
Ti2-E, GFP#E AW K488 nm, Ktk K
510 nm; YFP#& B UK LI K550 nm, K56
79570 nm; DCF-DA% & Nk K550 nm, &
S 570 nm. A [ 5256 35 76 4 IR 1 B N S
. EHFLR/ANFIBOG SR R R S8R, FE A D gl
23K

1.5 ROS#R§H#E

i J«RIDCF-DA (2',7- —& At H-— 2k,
ST EREN R I P48+ IROS & = (Casimiro et al.,
2003). iRk 5KKIE AR Aifablb/c/d AR /R4 FH 20
umol-L™" DCF-DA (¥ T-DMSO)¥ i e tt, 4°Chbs
6045 4 5 FIWash buffer (0.1 mmol-L™" KCI#10.1
mmol-L™' CaCl,, pH6.0)# %37k . & J5 7£ Wash
bufferrf 560441 (22°C). S8 ¥ 3V T (1) 42
HA, BRI T A R AN AR R %108k .

2 ZR5i1e

2.1 fablb/c/d=RTLHRINERERE

FAB1/2 i 1k PI(3)P 4 L PI(3,5)P i i A ik i, J1°F
TEET AT B EYH (Jin et al., 2016). BF TR,
W R4 FAB1 H(FAB1A. FAB1B. FAB1C
FMIFAB1D) 5l BEFI A\ 2% (Homo sapiens)H [¥]FAB1
AR5 A JE (Whitley et al.,, 2009). NiE A\ fEHr
FABITES M 7+ AE K B I R 2B P2 T e, FATT
Sy B4 e T fabl T-DNAJH AN SR, I 435l 3R 15 %
AN W ERAR(EA). Hrbfabla/bXUR A KR
P HEBC T 14 248 (Whitley et al., 2009), fablb-2.
fablc-2H1fabld-2 ) 558 A8 PR FI XU R ALK F AR B e Y
L5 B A ROM LG G 35 2 R (EI1E-L, N), i fablb-
2/fablc-2/fabld-2 (fablb/c/d)= %% 4% {4 & 9 |F ¥ B

BIERERI(EIC), WREKEL N AETI50%
(K1D). RT-PCR&iREH], fE4li& ¥ifablb/c/d =K
AFAR KRR B R KGI $FAB1B. FABL1CAHIFABIDHI#
%, RIHXIANFEH Y e 4Bk (E1B), K5 ~FAB1B.
FAB1CHIFAB1D X [AIfAFE DI RETU AR, 1X 5| A B
Ft (1L 7 FABLEE K Th e TUAR ) A —E(Whitley et al.,
2009; Hirano et al., 2011), At —F I iEfablb/c/d
= RAFRR BAR S AL TS HFABT (I ThRE BRI pl, &
A4 FH FABA 45 5 P 30 1 771 YM2016 36 13E AT 2 21 2% 51
5, RILEAYM201636°F 4R [ 40l B+ i 6 B 2 J
FxF FRAL(E M) BATTIE & B fablb/c/d = Z8 A8 PR (IR
BIREWR AL, HILT 5 O R KR E
(K10). fEfablb/c/dis 5t T, HA 5 ERMIREL
525% (HFAER A S AEN1%) (KIMP). 45 LR,
FAB1B. FAB1CHIFAB1DULIREILAR M XS HIR
EMAEKESE

2.2 FABI1B.FABICHIFABIDIIBEGR&INBIRE
RS

B R EIEE B AE R E . RELIG.
R B A A B BL (2RSS, 2016). N 1 B
fablb/c/d AR AR B &K B MR A B, RATE
%6 4y Bt 1 fablb/e/d R AZ R R AR B, K
fablb/c/d 5 B A= Y AR B % G B 2 2% 57 (&12D),
7~ AR AR B 4R nT Re 2 1B 1. Bl S, FRATX
WLEE T B A= A Ffablb/c/d 98 728 A4 1 BN B I A
TEOL(EI2A), KILFEEF AR AR Bl i 2 vty DAE
{9 4 K R A K (4 K 90,93 pmeminT) (8128,
C), TMifEfablb/c/dRALfRHr, HR T 1) K i 28 2
5% (4K %% 40.50 pm-min~') (B12B, C). HF I
REER, FATHEN FAB 1] 5 = 5 1 5 4R B 1 Tl g
.

2.3 FABIEMEKRNSHE

AR RY], A KRS EREBERKEFNZ T
F£(Cui et al., 2018; Nakamura et al., 2018; Qin and
Huang, 2018; Schoenaers et al., 2018; Shibata and
Sugimoto, 2019). K 7K FTFABIEA K R IFHIERE
RESEAPRAEN, AT &5 3K I B AE R A
fablb/c/d 5% 78 4 %)) i ¥ #% 3| & A NAA 5. 2,4-D if)
12MSH; 73 EREFR3R . A B KR BAUI(NAAFI
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(A) FABL13E A Z5 M A T-DNAJE AL 4; (B) RT-PCRAEMIFABIB. FABLICHIFABLIDIZEIE; (C) 5REE SR B K (3% €0 2 LR HEAR
#*E 2= X1) (Bar=5 mm); (D) T EMREKSE; (E)-(M) FAB1HR R, MFRALA K YM201636 (FAB1RER: LM 7] ) b #1107 A
HHREERE (Bar=0.5 mm); (N) ER(E)-(M)REERREKEE; (O) WEBRESN, AafiLEREE LKL EMS X (Bar=75
um); (P) E&/ XML 5 SWEBHER T/, *** P<0.001 (Student’s t-test)

Figure 1 FAB1B, FAB1C and FAB1D regulate root hair growth in Arabidopsis

(A) FAB1 gene structure and T-DNA insertion sites; (B) Analysis of gene expression of FAB1B, FAB1C and FAB1D by
RT-PCR; (C) Assay of root hair length in 5-day-old seedlings (the yellow dotted box represents quantitative area) (Bar=5 mm);
(D) Quantification of root hair length; (E)-(M) The root hair phenotype of the FAB1 single mutants, double mutants and
YM201636 (FAB1-specific inhibitor) treatment of Col-0 seedling (Bar=0.5 mm); (N) Quantification of (E)—(M) mutant root hair
length; (O) Images of the typical root hair morphologies, the root hair morphologies were categorized as swollen or branched
(red arrow indicates) (Bar=75 pym); (P) Quantification of frequency of branched root hairs (%). *** P<0.001 (Student’s t-test)

2,4-D)AbFE 5, B4 A Fifablb/c/d 28 ARk (AR B AR Eb (KI3C, D)., LikghFRE, fablb/c/dfE R BRI n] fE
Xof R ZH 35 B S5 K (FIBA-C) . B B IT)AE, 2,4-DAbFE 5 RAEKERNLIE M. DREZA K F XM 5 JE 31 F,
FAFR AR B K B 5 0 A M 2 Ta] O i 35 72 5 (KI3B, L4 HTDR5-GFPAIDR5-GUS (DR5-GFP/GUS)f
D), TNAAKLH 5 = JR A8 14 b5 B A R 2 T 1) 22 57 46 /)N FIs ] [ R E R RIS 0 A . T B A
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(A) RFANKB) F7 252001 (I 96 ' B e 1% 8: 50 70 i 3 15 4E B Col-0 Al fablb/c/d RASAA I S A A Kt 3, H43FR 574 H I8 1
X) (Bar=50 ym); (B) A7 AR BKE; (C) MRBAKER (™ P<0.001, Student’s t-test); (D) #Ni K NIREHE.

Figure 2 Slow growth of Arabidopsis fablb/c/d mutant root hairs

(A) Growth dynamics of individual Col-0 and fablb/c/d root hairs (fluorescence microscopy was used to assess root hair
elongation, showing consecutive frames of growing root hairs for a period of 50 minutes, pictures were taken every 5 minutes)
(Bar=50 um); (B) Root hair length per unit time; (C) Root hairs growth speed (*** P<0.001, Student’s t-test); (D) Average root

hairs number.

R B4 i () DR5-GFP/GUS HL 45 R 3, Pt g 1
EFABUEAEK R ER, ATHEE TR I+
HRADR5-GFP/GUSH 4 Aii, 45 &K Mifablb/c/dRAL
4 DR5-GFP/GUSHKIA /K T & (KI4A, B). X —4
R FIFERE 7~ FABT AT e 420 e S+ AR B A K i F2 v 2R
KRN A AEKRE T T

A KR ISR IR B K K E (Jones
et al., 2009). FKATEIF T fablb/c/dZ AL 4 F BT A= 5
o A K 2K A H IR R (TIBAY A A\ 111 751 (1-NOA) )
. Horfr, TIBAXHab1b/c/d B K I #EE H 5
B A BUARABA(EIBE, G), 1-NOAR AR T A K iy 4k 48
TE I A RN GAR bt T B 2 22 37 (KI3F, G). Uk,
AR g5 R R FAB R ARl i A K R LS @ AR R M AR
EBWERE, MR AR~ E g, 3R
Bk,

2.4 FABLEMREROSIKFEFMLI ST

ROS J& 4 il #R =& Tl s 1 < 1 < 4 [F 1 (Lee et al.,
2008). A KEM T fablb/c/d =2Z A £ 4 IROS

KF. KFHROSHR4TDCF-DA (2',7- 5 — A%t &-
T LIRER, T EREN) et b FES R BT AE AL fablb/-
c/d A5 4 A T YM201636 4b B i () B AE R 4h 1, 3F
FEWOGIL IR AR B T LS (EIBA). 45 R EoR, 5%
A RUAHLEE, fablb/c/dZRAZ R FIYM201636 40 B i ) HF
AR P ROS/K 2 2% F#AIK(JXI5A, B). 1H /2, FAB1
BB HEEAE B MIROS S B EIRATIA .
GriersonaZs (2014)F 7L F& 81, WL3h & A (actin)
FEPFE AR B AR R 5 7 EAE R . FRATR L
555 FIMarker ABD2-GFP4)#1 T FAB1B. FAB1CAHI
FAB1D & &z Ul zh & F Rk . LR R LR,
fablb/c/d 7R 45 115 5 '~ ABD2-GFP % 15 5 #H b B
A= R B SRR < [N, YM201636 40 B B4 7Y ) ABD2-
GFP# 5615 5t i 2y 55 (BI5C, D). % R,
FAB1B. FABLCAHIFAB1DINREH K 1] fE 52 AR E
ROSH) 7 A1 A 22 1 HE AT, E T 2 ma AR B A .

25 T
IR, LA EYHPI(3,5)P./E NFAB1H]
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0.1 umol-L-' NAA
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1 ymol-L-"' TIBA 20 umol-L" 1-NOA
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B3 MBI AERR 2 K AUl S fablb/c/d R AR AR TR Y

fab1bicld

Col-0 fab1blcld 0.8 - [l Col-0
-4 [ fab1blcld

Root hair length (mm)
o
»
1

Mock 2,4-D NAA

0.6 - . Col-0
[ fab1bicld

0.3 1

Root hair length (mm)

Mock TIBA 1-NOA

(A)—(C) AMEVFEIMDMSO (Mock). 10 nmol-L™"2,4-DE{0.1 pmol-L™" NAAH] #5431 5 fablb/c/d 55 4% {4 R & % % (Bar=0.5 mm); (D)
ERANIIREKRE,; (B), (F) AKFREHAMEIFITIBA (R HHHR)FI1-NOA (A &5 A\ i) kb 25 R E* 4 (Bar=0.5
mm); (G) EEFMWELKE. * P<0.05; ** P<0.01; *** P<0.001 (Student’s t-test)

Figure 3 Exogenous auxin application partially rescued the root hair defect of Arabidopsis fablb/c/d mutants

(A)—(C) Root hairs of fablb/c/d treated with DMSO (Mock), 10 nmol-L™" 2,4-D and 0.1 ymol-L™" NAA, respectively, the pheno-
type of root hairs was rescued partially (Bar=0.5 mm); (D) Quantification of root hair length; (E), (F) Col-0 and fablb/c/d seed-
lings were transferred to plates containing TIBA (auxin efflux inhibitors) and 1-NOA (auxin influx inhibitor) (Bar=0.5 mm); (G)
Quantitative analysis of root hair length. * P<0.05; ** P<0.01; *** P<0.001 (Student’s t-test)

FEV) 2 55 A5 A L P PSS 20 1 AR 3 e A
S5 (McCartney et al., 2014). KZHEZ LY
(/B . i (Drosophila melanogaster)fi1£k dt
(Caenorhabditis elegans)) g M — FIFAB1 3 A
it R BR E 5 (Takasuga et al., 2013). 4R, 7T
WA E4 N FABLE: K (FAB1A-D), FAB1£ # Il
i 7~ FAB1FIPI(3,5)PoE UL F I H 1) D BE mT e B8 i ==
B, SR SRR S T XA HERT . TEA R S fabl i
A A R W %2 B BE AT LR B = (B G-I,
1 FABLAFIFAB1B I et 2k & 2= 5 Bk e 114 24,
FAB1A/FAB1BAE: K 21k T i ) 548 4 ) e I A K 4%
18 LR SO S AR K R R SR DL R AR
KB MR B H (Serrazina et al., 2014; Hirano
et al., 2015, 2018); (FRFAB1IBFIFABLC T8 <L

>

DR5-GFP
DR5-GUS

Col-0 fab1bicld Col-0
B4 FAB1ZMIRLRE A KR M A0

(A) FH DR5-GFP 43 #1 Col-0 filfablb/c/d 4R # 1) 4 K 2 /> 4
A5 {k(Bar=75 um); (B) DR5-GUSZ#ECol-0flIfablb/c/d ) # ik
1%L (Bar=100 um)

fab1blcld

Figure 4 FAB1 affects auxin distribution in Arabidopsis
(A) The expression analysis of DR5-GFP for auxin distribu-
tion in the root (Bar=75 pym); (B) DR5-GUS expression in
Col-0 and fabl1b/c/d (Bar=100 pm)
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Figure 5 Reactive oxygen species (ROS) intensity and
actin stability were altered in root hairs of Arabidopsis
fablb/c/d seedlings

(A) Total ROS generated by oxidation of DCF-DA in wild
type, fablb/c/d and Col-0-YM201636 root (Bar=25 um); (B)
Relative intensity of the GFP signals; (C) Distribution of actin
cytoskeleton marker ABD2 in root hair of Col-0, fablb/c/d
and Col-0-YM201636 treatment (Bar=25 pm); (D) Average
relative intensity of the ABD2-GFP signals. *** P<0.001
(Student’s t-test)
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A Role of Arabidopsis Phosphoinositide Kinase, FAB1,
in Root Hair Growth

Yuting Yao, Jiagi Ma, Xiaoli Feng, Jianwei Pan, Chao Wang*

Ministry of Education Key Laboratory of Cell Activities and Stress Adaptations, School of Life Sciences,
Lanzhou University, Lanzhou 730000, China

Abstract Lipid kinase FORMATION of APLOID and BINUCLEATE CELLS 1 (FAB1/PIKfyve) is a key enzyme that
generates PI(3,5)P2. PI(3,5)P2 plays an important role in regulating membrane trafficking in yeast and animal cells, but its
function in plants remains poorly understood. Here we study the functional role of PI(3,5)P, via analysis of phenotypes of
Arabidopsis FAB1 T-DNA knockout lines. The Arabidopsis FAB1 family contains four orthologous genes: FAB1A, FAB1B,
FAB1C, and FAB1D. The fabla/b double mutant showed a complete male gametophyte lethal phenotype. fablb/c/d mu-
tant was successfully isolated. Genetic analyses showed that the loss of FAB1B, FAB1C and FAB1D function disrupts
root hairs elongation. Further pharmacological analysis showed that the FAB1-specific inhibitor YM201636 inhibited the
root hairs growth. In addition, the transcription level of DR5-GFP, an indicator of auxin expression and distribution, was
downregulated in single mutation of FAB1B, FAB1C and FAB1D. Moreover, triple mutant phenotypes (short root hairs)
were partially rescued by exogenous application of auxin analog 2,4-D and NAA. However, the mutant’s sensitivity to
1-NOA (auxin influx inhibitor) and TIBA (auxin efflux inhibitor) in root hair elongation assay is identical to that of the
wild-type. Furthermore, loss of FAB1B, FAB1C and FAB1D function reduces the level of reactive oxygen species (ROS)
and affects actin expression in root hairs. Taken together, the FAB1B/C/D affects Arabidopsis root hair elongation by
regulating auxin distribution, levels of ROS, and actin expression.
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