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x5

I 2 RE H99 Root Hair-specific cis—Element(RHE)E 7}A] 3L = B¢
g A SojHo g wdst: {14 RHS(Root Hair Specifc)E & el
RHS10S AxHz A48 F8A4 43 a4 WA (receptor-like
kinase, RLK)2 &3}ttt rasi0 716 34 =ddelA= g dol7t
AojAl= 2d¥ S 7FA™, RHS10 LA A(RHS100x)= Hejde] 79 gl
EHEES 7T o] mwolA e Bed Ao 93-S F+ RHS109 4
Ad HAd #ofste 84E F7] 9 ARS Adsiaivt. A+l 9
T3E RHS10 SIzkstebd el 2413} RHS10oxolA 9] EMS-=< o]l
MEr2 B e RHS109 319 <1x &3 pTOR(phospho-proteomics Target
Of RHS10), SOR(Suppressors Of RHS100x)7} A=A 31, AAE T W A7}
RHS109] sk9l QA=A g S At AlsE ddste=A Z<lst
AT

WA RHS10 ditstdwAdx|sto 2 2y AAE pTOR T syl
CLC-C7} #tejd el g3F& X RHS109] k9 A=A glsi3itt
o

2 ol rlr

°l
CLC-Cx= el EAlshe @R dskCl)ole= X W2 7&8he
°°1% FEAIH. clec EQMIAE F8) CLC-Ce] do] 7kt ufe}
g Aol7h gobd & &dlste] Wald o] Aol CLC-C7 &gl &
= ATt CLC—coxcM AE el Fgaad $2S B8] CLC-C7F %

ol Y23 Flatgltl. WT wjAdelAe] CLC-C a2 g dol&
@Al skRAaL, ras10 WAl el CLC-C #addS WT HidolMnts #ejd
ZZ

Q Aol &A stA E3re] wel CLCC AEZHES 9)a] RHS100] I Q3o
1% 1t} in-vitro phosphorylation assayES &3] RHS109] <3 CLC-C
N-Zetzp C-dete] 747 xbslaE e #<lsiglth. CLC-C N-weke] 7%
T50/S51 <Aikst-Ast duildoa] QlAikstrh  okslde] wel T50/S519]
RHS10°] 93t 14bsl w4 4714 =elskal
S22 RHS100xo1A4 2] EMS-f%= EAWHAEZRYH 4=
SOR % &<l SOR1¢] Held 3ol oJgkS wm[xm RHS109 3}¢]<1Ael
A Felsklth. SORIS AF7HA A75A4 42 d¥jdz, RHS109F vp3rt



A7 Axuto] EAjeE RLKE A ATH sor] ol dajee] Zo)
7F opA el el Aoty ®3E, SORlox| 75 Helde] dol7h oo
vls] #olxth o5 Fal SOR12l RHS103 o] iuld o] A A3
g Fol  FlHEJTh. Eg, RHS10¥% SOR1 o5 EdWelAl
rhslOxsorl-19] Helde] o= opyPRT il rasiOoly sorl &l
Aloll Wz @A ekttt ol& &3, SOR1# RHS109] 2lsxd #A= =

= %
WHolA i qlaslo] &g Selatsrt.

ol

AZH o7 CLC-CE g Ao F2el 422 RHS102] &

9l A= =gete] BEd A Al o LD}. olmj, RHS10°] CLC-C¢2]

N-Ze C-gos AR distete] shedlss ddett. ©=3F SOR1-

RHS10% wizt7hAl 2 gtejd A% oA 2485 ofe F3x=2 RHS109] 39
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ABA Abscisic acid

At Arabidopsis thaliana

CLC-C CHLORIDE CHANNEL C

GFP Green fluorescence protein

LORE PRR LIPOOLIGOSACCHARIDE -SPECIFIC
REDUCED ELICITATION

MS Murashige and Skoong

NHX SODIUM HYDROGEN EXCHANGER

0X Over-expression

PCR Polymerase chain reaction

pE7 Promoter of the EXPANSIN A7 gene

PERK Pro-rich extensin-like receptor kinase

PI Propidium lodide

PM Plasma membrane

pTOR Phosphoroteomics target of RHS10

RH Root hair

RHD6 ROOT HAIR DEFECTIVE 6

RHE Root hair specific cis-element

RHS Root hair specific

RHS10 Root hair specific gene 10

RLK Receptor like kinse

ROS Reactive oxygen species

RSL2 RHD6-LIKEZ2

RSL4 RHD6-LIKE4

SE Standard error

SOR Suppressors of RHS10o0x

WS WASSILEWSKIJA

WT Wild type

YFP Yellow fluorescence protein

@ background for transformant



1. A&

g ade AL & Ad, JiA, HA g4, 8 43 AA-Hs F3 o
Fo]ZtHGrierson and Schiefelbein, 2002, 2008). ¥y A|x o] gy 2]
w3 A4, Alxey AAL 935 Axe At AT 1] B 271919
w2} non-hair cell?} hair cell2 U5 A =W o& Asdd #4S & Al
E7F wadeh A "ok Al 7R 9] Y2 hair/non-hair S®EI(F-2F9], do] wWhak
WAL d')e] e % 2A MiAYUFAA el 23S Arkd A=
A #wREH(Dolan, 1996; Clowes, 2000; Schiefelbein, 2000). ROOT
HAIR DEFECTIVE 6(RHD6)= F¥ #2d MAe] £ 2dxtz 1A ¥ o
gkal(Masucci and Schiefelbein, 1996; Menand et al, 2007), 17 2] &z}
2 7% o7ek hNF Alele] REHO glth(Menand et al, 2007).
RHD6+= AAoz F 719 s bHLH #AFIAN, RHD6-LIKE2(RSL2)<}
RHD6-LIKE4(RSL4)E Zdgth, 18]35 RSL4= Held Fejfdshs 29
o g FErded FAAE 2430 et al, 2010).

R AFAA  weld el  fAx  @HEL  fEs:
cis—element(RHE, Root Hair-specific cis—Element)S 2<13la1, RHE7} +
2oz, A5A0e SA4EA wEA] Glgol AN, RHEE L2

e 74X e -5o] FHAE o7 FHANA g A 19719
g-5o] FHd2HRHS, Root Hair Specific)7} in planta EEEH 2] L H
ojAlol & Fall A ATHWon et al, 2009). RHS 2252 Axy #d#,
kinase, Az Ag AH FH42 59 e 28 .H_FHZ]_E_— Z8ecH(Won
et al., 2009). o]&Igk RHS +#2 5 RHS10-2 Proline Rich Extensin-like
receptor Kinase(PERK)E ¢t stelar #tejd Zo] A § AAe A4
d 9&&S sH(Won et al, 2009).
g Mz Bu-A47 st AMEde =53] S35t Hol Aok A
B g o= Antd T AL E FAHOE Axdo] g T ]

o
ol
20
1r

]
a1 Q‘i_‘uj_% AL Qlar, MEAL T2 AEe] duky ok upE ol
AsEo] Utk H-AFE 2o U FH2E o|Fo|Xw ojuf HET} F

= Taws Al ZEEEKDOIZH HsHCl)ol&o] o]sdtH o] sk izé
o] ¥of3tt}(Claire Grierson et al., 2014).



pTOR(phosphoroteomics Target Of RHS10)Z A4 ¥ CLC-CE& 7]
9 A T3 AL = Aow deA Jrk(Mathieu Jossier et
al., 2010). 71&<] Mo sWAxe] Y3 FHo2 2dHM, CLC-C=
gl dxdto EAjste] Y A Aol & Aow Bt 4t
T 24 FoA FHAMER o7 Al o)A vtEojx] dx
2 AqAE olgfgk &4l Yol K Sol& CIY, EAFE(INO3T) 1
23 WAMal®), FH7E Ak FE AF B4 K& NHX7F #4831,
CLC-A7} CI', #AFdS, CLC-C7} Clo M Y= gH-o]
JEH AT WstE Az QoA AXE U, dx= &

o
o
+
ofy
e
o o

1
clec-2 EQAWOIAIE 3AZEeE B =235 o, 7 =W
AE B gz WE 1] A XA E=9 7 23S =
ABA(Abscisic acid)E A 213lS w] 10 pm, 100 um, 2 hr #g oA =5F
718 23l FEEA ok welbs] CLC-CE oi71dde 713 Ao #
o ghth(Mathieu Jossier et al., 2010). CLC-C7} #ofst= W f & 7|3 4
d+= KNO3, KCl A3t A &ladnt. of714d 9 E9E 30mm KClel
A kS u] RE cloc Sowolrt AWE £atE 7w 98-S Bt o

AL Cl7h dAatgd e

715 ddell Tl (EAEA Y] ERstel A= ol9f o] AEEA g+
thH(Mathieu Jossier et al.,, 2010). CLC-C7} 7]&lA $3}o]2 A
7145 F4A3s] o] 98, X-ray wlelmaEREA S ol&a ofr|dd 7]
Azl Clrap Kol ea& Sk Clak KT 16413 432 o] %
71 A=A & 7]FolA = I
Fol AU K™ zpol7} vt F7k=, A4 e A= Aol /1
th. mebA CLC-Cx 71&9 A<l tal 718 AxEelA CI7 Al 5
3k 93kS SkcH(Mathieu Jossier et al., 2010).
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EMS-Ed /o)A Atz Hd7d® SORI1(suppressors of RHS100x)9l
o gk ’d?%]?i:#}é AgE v gla, F5AQ F9" S E(Lectin-like
receptor)o] v EAste] EFet =l FE27F £45 ot SOR1S ¢
g i F G-sdel e v G-lectin @M d 5 AgE M
7} 7k paralog+ lectin-like kinase TEA < LORE(PRR
LIPOOLIGOSACCHARIDE-SPECIFIC REDUCED ELICITATION)®| t},
LOREx SOR13} sdgh i wwel 25 7HAw Al ddst= 2
o] FIH3dtt. LOREE W75 #Hoste &EdAWlole] A9 P
aeruginosa H4¢] LPS(Lipopolysaccharide) *g]ol ®¥F-&-3}X] a1, k& A
o] 4% 24N AROS)7E T7heks whgo] i rh LPSe] A|F Al LORE
7F St Aoz SQlEti(Stefanie Ranf et al. 2015). w2kA SOR19]
toll EA)stH LORESH AR 725 7HA B2 HRkgo 1o

RHS10° <]3] <l4atsly= CLC-Ce} o]9]o] Axo] EAsts 54
Zh-goll gk AF7F FSsi. =AY A8 o m AL AHFESlo]l WSt
Aﬂﬁ“wf Hxuhs B3k 59 o]lFoR Az Kuyt wislstal, o] u}

g Azt gt ol dig wWAYUFS ve ed AMEE X
HPA Aol ek ©57F Faste] 2 A4E I SOR1E
RHS100x EMS-E<1x o] ditea ¥gldo] 3]3H% eRHS100xo1A &
A7] EAWel7E HAS A9 FHAZ HAFAT wEbA] SOR1S HEd™
A Qlo] Fag AR AZtE . sHA W SOR1S @A R A 7] 5at=A]
ZzF AFE R Zoktl. SOR1S RHS10¢ wiz7ix| &2 =844 kinaseZA]
Alazeke] EAste] Y g-Age] glo] a3 dsdg AR 9% &
Aottt wehba SOR1ES Ao =4 ejde] Ja-A4 WAYS] A

g 342 #a & 9L Aol

(o

O

e :& Lo



2. A48 As € 7y

2.1 A& As 2 A% =4

off 717t ok clolumbia(Col-0)E Al&sleon, FAHI €EH=
Agrobacterium tumefaciens 1 C5H8C1(pMP90)S ©]&35

=313} tHBechtold and Pelletier, 1998). A& d3tyl A/ &S hygromycin
Z3 wiA (50 pgmL Held  A¥EHAT. BE FAE Murashige &
Skoog(MS) #1=](4.3 gL.”! MS nutrient mix[Duchef], 1 % sucrose, 0.5
gl.”! MES, pH 5.7, 0.8 % agarose)ollA] 7] 9tt. £+ 347 Aexg &
23Coll A olato] 16A1%H/8AIZFCER/SH) 719 wig7] el A A A
A FAHAE AT TFEHA e wiAol A Agkew, T1 9@
T2M A= hygromycing XE3gH wix|ell Al 719tk 72 T2 w30 ef Al
S AAS] Y8 25AFE ARG A5 70% NEE, 2560 % £
Al 2 0.01% Triton X-100)& &3l &% & @Ant dHi® 52 5o
FAtk.  Hygromycine &g @dS 5838 AsfstA @gkon,
hygromycin®] tgt =7 2 E=Z proE7:YFP@WT HAHIAE ]85}

g dol g Wl #Eskgivh

2.2 @z Tz &= gy <Aksl Holg H|ol~ Z eFP-browser #4

ol G Z(topology) o552 Protter Alo]E(https://wlab.ethz.ch/protter)
ol 4 Ak wA A4aksl AE]E PeptideAtlas PTM
summary(http://www.peptideatlas.org)ell A <133tk CLC-C9F SOR1¢]
gajo A o] whel ke TAIR(http://arabidopsis.org)®] eFP-browserE 53|
d-e Azjoltry,

23 XNd B4 2 Ass 24
NCBI dloJejr]o] 2] BLAST HM& Sl AtCLCCY AtSORI®] &5 7 Ak
AHE At AtCLCCS AtSOR19 AA olvx=AF A ¥E non-redundant

- 10 - ] 8-1]] ¢



Sld Mg dolg wolags 7]Wro R BLASTY o] &3kt dhuld e
CLUSTAL-WE o]g3& AHs¥tt. MEGAX  software  package
(https://www.megasoftware.net)S ©|-&3l Neighbor-Joining Al&4E At=
PtHTamura et al., 2007). Bootstrap F*+ 1000°]9, bootstrap

consensus trees A= HHF3}SIT)

Z

ry

2.4 9 gy

GFP(=41), Propidium lodide(PI, #14), FM4-64(4 )] &332 LSM 510
T2 dolA dAulAd(Carl Zeiss)S Ab&ste] #A&sIAT. mAFHFS
488/505~530 nm, A3 F 587/615 nm excitation/emission filter A|E
& Algste] AESISITh ¥ oln A= Zeiss LSM image browserE Al&-
alo] X893}ttt GFPR 4% CLC-C @il g e XA ol 3 4
FAEAZEY 3FEAC PI(10mgL™HE 58 94, 18 A% & A%
%22—5—}93 , FM4-64(2 pM)+= 5% 94, 90-120% A4 $ dxE

r

2.5 ¥gd ¥d¢ #F

g Zol& Lee and Cho (2006)°] we} SAstatom, AAARHEMZ
FLII, Leica, Heerbrugg, Switzerland)ollA 40x vj&= ¥z F99o AMAS
D2 5 i dolE ARttt ted Hol= Hele] 7f S o2 RE
5-871¢] Held 2 HE HolE SAste Heo F SHORNE T 10-1570
of Wede] Wy HolE g JRAe] BEd ZolE Atsialon, oA
LAS software V2.8.1(Leica) 2213} Image ] T2 & F3 sl
th Y dole 3-4Yxk FAEACAA S8 A

2.6 FAAS AxF FHAAY AF}

29 A7V FAE pCAMBIA1300-NOS W€ (Lee et al., 2020)7} &=
A FE2 AZES Yl o] &HATt. AtEXPA7 L2 X E(Cho and Cosgrove,
2002)7F 2" Bold wds fdl AFESEHUT. AtEXPA7 ZE2HRE S
pCAMBIA1300 WES  Hindlll Sall Adtas Ao Arls g,

-1 '_' 1-]I



downstream®] Algtas 2o 2 PCR AHES AUt AtEXPA7Y]
T2 REPEN 7 E3E pCAMBIA1500 W ¥ ol  Arabidopsis 2% A2
cDNAYIA PCRZ F3H%H cCLCCE Xmal, Ascl A& ol, GFPE BamHI,
Apal A&l )8kl pE7.GFP:cCLCCE: AR ATy, pE7:gSORIE A3 A
T-(Baik and Cho, 2019)°l14 AZ= AT, FAd8 Ao TS 4
Ao A genomic DNA F& & F&
 Ee T1 MAY] FAx8s E<ls :
Lo AE ZejolmE o] &sto] FFHE AT

CLCC-N Z&HCLCC-Nt), CLCC-C ¥HCLCC-Ct), RHS10 kinase
Sw1E  Escherichia colilA T@dAA ddld EBEF FA3 in-vitro
phosphorylation assayE Ad3}7] 984, CLCC-Nt, CLCC-Ct, RHS10
kinase E=H|212] ¢cDNA A ¥Eo] Tableld] >zlo|HE o]83}o] Arabidopsis
FAEA S cDNA gholH #2258 PCRZ T3 th PCR AHES N @t
o]  glutathione  S-transferase(GST)e] <dZ2% oAdS  Airsl=
pGEX-4T-1 #E(GE Healthcare, Incheon, Korea)2] Ag]oll A4+ Atk
CLCC-Nt, CLCC-Ct, <I»ts}-Ast wulz(phospho-defective protein)¢!
CLCC-Nt S27A, CLCC-Nt S34A, CLCC-Nt S27A/34A RHS10 kinase %=
WA EcoRl, Sall Algta i Aglel], CLCC-Nt T50A/S51A BamHI A&

A s A

Jmt
o,
N
o
)
(il
o,
ofo
rot
o)
@
)
o
ol

2.7 @92 EX &4

RHS10 kinase =w¢l @@y} CLC-C N-2ez C-det 18 Qlitsl-4
o @S Escherichia colie &3 7t @iz wj¢f Zzde) 2hA| vjFgrt. 0y
%FolS lysis Buffer(1X B-per, 100X protease inhibitor, 50X Lysozyme,
1000X DNase)= AA gt AAl® @¥dS 5x protein loading dye(10%
SDS, 500 mM DTT, 50% glycerol, 500 mM Tris—HCL, 0.05%
bromophenol blue dye)E& F7}ste] 583 #<2 Fo 10% w/v SDS-PAGE
gel2 H7]9& AlZFT. SDS-PAGE gels transfer-blot turbo A]2:H
(690BR024670, Bio-Rad, Singapore)s &3] %% WHEQIOE o] FA7]
o EXY #WBgle] @AES anti-GST Al A2l(skim milk 1%,
10000X anti-GST probe)3te] Davinch-Chemi(CAS-400M, Davinch-K,

12 Al & 1-]I



Korea)® #AA|A #od 3t

2.8 In-vitro phosphorylation assay

gA%¥ RHS10 kinase =w|¢l @@ CLC-C N-2dta} C-dd 28a <
Aral-Ast ez e 10x kinase buffer(100 mM Pipes pH7.0, 100 mM
MgClom 20 mM MnCly, 10 mM DTT)¢F 10 uCi [32P]y-ATPE ZHF 20 p
102 =33t & oA 1AIZF B9 wlddtt. 5x  protein loading
dye(10% SDS, 500 mM DTT, 50% glycerol, 500 mM Tris-HCL, 0.05%
bromophenol blue dye)E F7}3l9] kinase WHe-S WH 1L, 557 #2<1 3o

10% w/v SDS-PAGE gel® A7|9% Al#t}. SDS-PAGE gel& Coomassie

blue®Z Asle] Hbgst TS SFQlstgity. QIAtsE T wmE =
SDS-PAGE gelS imaging platedl]l 24A17F =EA71 & WAl AHS JAHEA
71(BAS 2500, Fufifilm, Japan)® ZFAAA 3Helgic),

gEEdwol A et FAASAE RHSI0Y 42 AAZS ®Hol7|Yal] A2ty
Ao 7ol gels wjsle] wrEoH Y. & oJF-+ genotypingl® YT
S e

2.10 Accession numbers

o] =19 AME Ar H EAWolE v accession numberE ©]-83}4]
TAIR(http://arabidopsis.org)ell A &21& 4 Qlvt. AT1G70460 (RHS10),
AT5G49890 (CLC-C), ATI1G61460 (SOR1), rhsi0O (SALK_075892),
clec-2 (SALK_115644.28.60.x), clcc—-3 (GK-633B04-022802), sorl-1
(SAIL_130_F05.v1).

- 13 - ___:er _k:i_ -I_-]i



3. 23

3.1.1 RHS10 ¥4 f=& #add 4o AFEL A

Estradiol-% RHS10 #+el(pRHS10:gRHS10@rAsIO)*1A RHS10S f%
ANA AlZrER Balge] Y-S s tiFigure 1). 2 A3} Estradiol
A4l S Mocke A Alzro] x|um Bglgeo] Aozt AH A=
HEH - EstradiolS A 2]3F Este] -5 241 o] &5-E Wy Zolo] AH ol
FaES golstgltt. wabA RHS10S ey Zolo A4S oAst= 1At
ol t},

Time after
induction (hr) -Est +Est

100m

s W N = O

Figure 1. RHS10-mediated root hair growth inhibition in an estradiol-inducible RHS10
expression system.

Root hair growth images of estradiol (Est)-inducible RHS10 expression line
(PMDC7:pRHS10:gRHS10@rhs10) after administration of Est. Est, estradiol-induced.
Estradiol was treated at O hr. The scale bar is 100 um.

3.2.1 CLC-C= RHS109] 9%t 14ts}t =8 A& 71zt

CLC-C& 779 opux=At =Z7]9] WA=z vyoltage-gated-CICS}
CBS-pair-SF ¥ 7}A Z=delo g o]Fojx th(Figure 3A). Ha| ol A ¢
AARA o] dhe e Balgo] ol R I M EHT &2 Ho|tHFigure 4A, B). A
Aol RHS10 <At d e Ayk(Baik and Cho, 2019l <J3H
CLC-C% RHS109| <&k <14ts}l #kg]2 S27, S34, T50/S51, S6729 5714
28] S 7R (Figure 2). CLC-Cx ¥ ulo] &5t 2 didg A X
Aol EAst= Cus N- C-gek FZFo 7pxa 9k Axtst #e] <l
27S, 34S, 50T/501SE CLC-C¢ N-w#ehel] ZAjstH, S672% CLC-C
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C-=to] EA)3t}(Figure 3A, B). In-vitro phosphorylation assayolA -
ojm kAl W2(Figure 11B, C) N-2tke] T50/S519F C-#eke] S672¢ 4+
PeptideAtlas PTM summary®l] wW=W o 7] Zthe] wwdo ] <143ty =
Aol & E A H(Figure 3C). CLC-Co] ABFE 4¥nw, CLC-CE
CLC-A, CLC-B, CLC-G, CLC-D¢] f+AFeE &ld M A <] paralogEs 71t
(Figure 5B). CLC-C @& H4d2 &S 74 &7 homologs 7HA
H B EF 0] tH(Figure 5A). In-vitro phosphorylation assay°llAl +2]v] s}
A Y2 (Figure 11B) N =ee] T50/S519] 29 1 A do] @xd7#] wE
wo] glen, C Tete] S672% ©A7EA M de] BEH ] Sltk(Figure 5C,
D).

A -

Intensity t-test

- R e T
Ml e RHS10ind_ [RHS10ind_esRHS10ind_| . RHS10ind_ :’2?':‘- RHS10ind_ | % s "’"“t:f
Fnestiohsite ol lest Set 1 t Set 2 fest Set 3 | "Y*™E% mock Set 1l mock_Set_3 = uF:lv
KIS{ph)GILDDGSVGFR | sp|096282|CLCC ARATH| 5.86E+08|  2.95£¢08] 7.59E+07]3.19E+08 0 2.25E+08 _ 3.56E+08] 1.946+08 0.719 0.27

KNTT(ph)S({ph)QIAIVGAN . ;
TOPIESLOYEIFENDRF |57 1096282|CLOC ARATH | 7.96E:07  2.616+07 3.526+07) o 9.96E+06 3.326+06 3.408) 0.604)
TTFGS(ph)QILR p| 096282 |CLCC_ARATH | _4.70E+08| _ 2.17E+08 9.996+07| 2.62E+08 _ 6.13E+06 _2.15E+08 7.356:07_1.834) 0.656)
B 1 I ¥

ntensity t-test

L RH510ind_RHS10ind log:(e: rlogt
LR e RHS10ind_ RHS10ind_es RHS10ind | . RHS10ind_ B *f “t-test Sigl[t-t

itication site rotein name ES'_SE‘_I _Set_Z s1_Set_3 verage muk_se‘_lrzﬂui _oed _;ﬂDB = Al \verage r:]r.n: Hificant 'Ha
r lue)
ﬂséph]GILDDGSVGFRQPLsplQ%ZEZLCtCCﬁARATH 1.09E+09  2.026+09 1.65E+09 1.59E+09 4.80E+07] 1.01E+09 1.19£+09 7.506+0§ 1.0 0.87
:I:Ei:LGILDDGS(Fh)VGFRSp|056282[CLCCﬁARATH g 3.718:07 o 1.248+07) 0o 2.97£+07 d o9.90e:04 0.32 0.0q
QRTTFGS[ph]QILR p| 096282 |CLCC_ARATH O 5.536+00  1.05E+07| 6.68E<06  LODE-07] 0 6136706 539t+04 031 034
TTFGS(ph)QILR 5p| 096282 |CLCC_ARATH| 5.13E+08 _ 8.81E+08  7.12E+08| 7.00E+08  1.026+00 4.94E+08 7.70E+08 7.62E+0§ -0.19 0.13
KIS(ph]GILDDGSVGFR __ |sp| Q96282 [CLCC ARATH| 2.82E+08  4.71E+08  3.30F+08 3.61E+08 4.88F+08 A4.0AF+08 4.896+08 4.90E:08 0.44 1.07

Figure 2. Putative RHS10-phosphorylation target residues by of CLC-C.
Phospho-proteomics result of RHSTO mediated phosphorylation by LC-MS/MS analysis. (A)
Phosphorylated-sites of CLC-C in the 1% biological sampﬁé with 3°MS technical triplicates
(RHS10ind_est(mock)_set_1~3). (B) Phosphorylated-sites of CLC-C in the 2nd biological
sample with 3 MS technical triplicates (RHS10ind_est(mock)_set_1~3). Red letters with ph
are phosphorylated amino-acid sites. Red boxes mean important peptides identified b
in-vitro phosphorylation assay. Intensity means detected amount of each peptide set by
MS.
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B
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Bl Hooi-005 HEM005.01% EEO19.081 EE081.085 085.08% [0S -100

Figure 3. CLC-C is phosphorylated by RHS10.

(A) The schematic domain structure of CLC-C with RHS10-phosphorylation targets (%). (B)

The predicted topology of CLC-C (from Protter site; https://wlab.ethz.ch/protter/start) with
RHS10-phosphorylation targets (). (C) Phosphorylated sites of CLC-C determined by
revious phospho-proteomic studies (from PeptideAtlas PTM summary;
ttp://www.peptideatlas.org). RHS10-phosphorylation target sites are marked with red stars
(k).
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Figure 4. The expression pattern of CLC-C in the Arabidopsis root.

(A) e-FP browser image of CLC-C expression level at root (http://arabidopsis.org). (B) Tables

of expression values of CLC-C at root hair/non root hair(http://arabidopsis.org).
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Figure 5. Phylogenies of CLC-C homologs and conservation of T50/T51 and S672 among close
CLC-C homologs.

(A, B) Phylogenies of CLC-C homologs in organism (A), and Arabidopsis (B). Phylogenetic trees
were generated by the Neighbor-Joining method using the MEGAX software package
(https://www.megasoftware.net) after CLUSTAL W alignment of the whole amino acid
sequences. Bootstrap values are given at the node as a percentage of 1000 replicates. Scale
bar indicates the number of amino acid substitutions per site. (C, D) The alignment of amino
acid sequences around T50/T51(C) and S672(D) of CLC-C homologs showing the conservation
of T50/T51 and S672 in close CLC-C homologs. Atha, Arabidopsis thaliana, Brara, Brassica rapa;
Ahyp(AH), Amaranthus hypochondriacus, Aqcoe, Aquilegia coerulea, Bradi, Brachypodium
distachyon; Brast, Brachypodium stacei Cucsa, Cucumis sativus, Dcar, Daucus carota, Gorai,
Gossypium raimondii; LOC_Os, Oryza sativa, orange, Citrus sinensis, Pavir, Panicum virgatur,
Potri, Populus trichocarpa; Seita, Setaria italica, Stub, Solanum tuberosum;, VIT, Vitis vinifera, Zm,
Zea mays, Zosma, Zostera marina, Sphfalx, Sphagnum fallax, ManIy, Marchantia polymorpha,
Cre, Chlamydomonas reinhardltij Sce, Saccharomyces cerevisiae (baker's yeast); Dre, Danio rerio;
Mmus, Mus musculus, Ddis, Dictyostelium discoideurn, Cele, Caenorhabditis elegans, Dmel,
Drosophila melanogaster, Hsap, Homo sapiens. Red boxes indicate CLC-C and green box
indicate CLC-C paralogs. An Orange box shows conserved T50A/S51 in CLC-C homologs and a
blue box shows conserved S672 in CLC-C homologs.
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3.2.2 CLC-CE& AXx W dxutd 9X|gch

CLC-CE ®g" Eo] xz®E<S EXPANSIN 7(pE7, Cho and Cosgrove,
2002)2.2 HLEAAIZ FAHSA pE7T:GFP:CLCC@WT T2 #ZlelA 33
gES olgstel CLC-Co Ax W AAE Ak (Figure 6).
PI(Propidium Iodide)E& ©]&3}o] AEHS Al H]wstdt. CLC-C&=
Aoz ANy AEH o w3 By aog wEHsle] EAst= A
= s tH(Figure 6A). Al WolA 73] FeiE 7= S &<lsted]
(Figure 6B), AP A FM4-64=2 N E AAsE ZA(Fi

FH = e CLC-C7F Al o] farmpel] EA13s &ls3int

A GFP:CLC-C Pl Merged

GFP:CLC-C

Figure 6. The subcellular localization of CLC-C.

(A, B) The CLC-C (ProE7:GFP.CLCC in WT) green with the cell wall-marked PI(Propidium
lodide) red signal. The transformant seedlings were treated with Pl for 5 min. (C) Control
WT, the tonoplast marked FM4-64 red signal. WT seedlings were treated with FM4-64 for 5
min and washed for 90-120 min. The scale bar is 20 um in all images.
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3.2.3 clec EQWOIAE FEdo| 2 XFFE /XY

clec E=ARAOlA 2FQ1S knock-out 21 clec-29F knock-down #FQI<!
clec-5% SHEATH(Figure 7). 7+ ZFloll 9] ejd e x9S Il 2
I clec-200 4 ¥Elde] ol ofAEH T 18% FolAil, clec-34 6%
FZrolx th(Figure 8). webA HEjd o Zol A% CLC-Co ¥d H&7t 7
Aol wep vlga] AAEo] A=Ak &gk CLC-C7F Hejde] A2
Ao A2 glo] FlH AT

A clec-2
SALK_115644.28.60.x

X

clce-3
GK-633B04-022802

WT clcec-2 WT clcc-3

Figure 7. T-DNA insertion and CLCC transcript level in the clcc mutants.

(A) A schematic diagram showing T-DNA insertion sites of clcc-2 and clcc-3 mutants in the
CLC-C genomic DNA region. Exons are denoted by black boxes. (B) RT-PCR results showing
transcrlipt levels of CLC-C in WT, clec-2 and clec-3 mutants where ACTINZ served a loading
control.

3.2.4 CLC-C #F#dA = Bgdo] &S T8F S 7

CLC-CE Hgd Ho] =Z2HEQ pE7ox AT FHHIA
pE7:GFP:CLCC@WT(CLC-Cox) T2¢] 37] #elollA Hede] nddgS 3
ZHskaAth. CLC-Cox9] #eld dol= ZAEES pE7T:YFP@WT Rt} #5 2421
o % 35%, #6 2+ S 46%, #9 2Fe A$ 10% #HAsHATE 3719
ghlej Aol BEde] Zols TS W CLC-Coxe "l dole= A
EEWY 31% #Aase] Uy tH(Figure 9). weEbA CLC-Col ¥l Eol A 9
Thd S gl o] S JAAFo] 1S
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A
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C W 25%-75% E
1000 T Range within 1.51QR 1200 -
A Median A
800 4 B 1000 4
B C
:E‘_ 600 ._E_ 800 +
£ £
..a’ (=]
E 400 4 5 600 <
T
¥ z
200 4 400 4
0 200 4
WT rhs10 clce-2 WT rhs10 clee-3
D F
s WT rhs10 clee-2 ] WT rhs10 clec-2
g2 4340871 485407225 356812 3 523388043 586.6561 4006142
HA 109.5182 105.624509 112.346 =X} 111.49845 121.3224 107.1871
Q& 4061806 3.90933845 4.51191 2%t 50760443 6658431 552775
RH 7<= 727 730 620 RH 7= 348 332 376
seedlings 51 52 40 seedlings 43 41 45

Figure 8. Root hair phenotype of Arabidopsis clcc mutant.

(A, B) Representative root images of 3DAG Arabidopsis WT, rhsi0, clcc-2 and clcc-3
mutant . The scale bar is 500 um in all images. (C, D, E, F) Root hair length violin plots
and tables of 3DAG WT, rhAs70 clcc-2 and clcc-3 mutant . Data represent RH length from
620-727 root hairs from 40-52 seedlings in clcc-2 aArabidopsis nd 332-376 root hairs from
41-45 seedlings in clcc-3 mutant. Three biological repeats. Statistically significant differences
are denoted with different letters(one-way ANOVA with Tukey's unequal N-HSD post hoc

test, P < 0.05).

_22_



1000 4 1000 -
* *
800 2.30766E-46 * 800
1.257Q9E-10
= 2.98143E-85 —
E_ 800 g_ 600
£ £
=] o
5 4004 5 400
T I
LT 20
0+ 0
Con #5 46 pa Eon CLCCox
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Figure 9. Root hair phenotype of Arabidopsis pE7.GFP.cCLCC@WT.

(A) Representative root images of 4DAG Arabidopsis Control(pE7:YFP@WT),
EE7:GFP:CLCC@WT #5, 6, 9 T2. The scale bar is 500 um in all images. (B, C, D, E) Root

air length violin plots and tables of 4DAG Arabidopsis pE7:.YFP@WT, pE7:GFP:CLCC@WT
#5, 6, 9 T2. Data represent RH length from 176-297 root hairs from 19-30 seedlings in
PE7:GFP:CLCC@WT. Three biological repeats. Asterisk indicates significant difference from the
control value(Student's t test).
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3.2.5 CLC-CE rhs10 E¥Ho] ujAoA HEd 7|58 A &3t
CLC-CZ 3gg Eo] “2HEQ pE7OE rAsl0 SAWo] HH?ﬂoﬂH kg

ﬂll

A7l dAH3A pE7:GFP: CLCC@rhs]O T29] 37 2elolA] #Ede] 13
HS DAY FAAskA ] elde] Zo]lE pE7:YFP@WTELYF 20% ¥
gldo]l dA Yetv= rasio %03%01 J e vlaskd, #5 2l A 7%,

#9 wiQlel A5 15%, #12 E}O o 7 3% askleh. 3719 #helelA] B
gdeo] dolg FTFNS W & ﬂﬂzﬂ go] Zol= rhsl0 EAWolA
Bt} 8% FAadte AOR L}E‘r +TtHFigure 10). pE7:GFP:CLCC@WT &2
A o] Yy e AEZ Hlel 31% AAHA, pE7:GFP:CLCC@rhs10
FAAEA Helde dol= wld dlEwl rasi0 EAWlA R 8% Bl
AA = A Fe=vt kA CLC-C7F A4 o= 7]538t7] 9aiA+= RHS10 4l
37} "Haste] gelyo] CLC-C7F RHS109] 3 oAt e &4 5= 9

=
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Figure 10. Root hair phenotype of Arabidopsis pE7.GFP.cCLCC@rhs10.

(A) Representative root images of 4DAG Arabidopsis control( pE7 YFP@WT)

EE7 :GFP:CLCC@rhsT70 #5, 9, 12 T2. The scale bar is 500 um in all images. (B, C, D, E) Root
air length violin plots and tables of 4DAG Arabidopsis rhs10, pET: GFP CLCC@rh570 #5, 9,
12 T2. Data represent RH length from 116-343 root hairs from 12-33 seedlings in
pE7:GFP:CLCC@WT. (F) Relative root hair length of pE7:YFP@WT, rAs70 CLCCox@WT,
CLCCox@rhs70. Three biological repeats. Asterisk indicates significant difference from the
control value(Student's t test).
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3.2.6 RHS102 in-vitrodlA] CLC-C¢ N @&3 C ¥d =vdS 72t 2
s i)

anti-GST #FAE o]&3 wwd =X FA443 GST-fustion Tz <l
CLC-C N %¢k Z=uel(CLCC-Nt)& 35kD =7]&, RHS10 kinase %=w¢l
(RHS10KD)= 75kD 71 & el o (Figure 11A). In-vitro
phosphorylation assayE &3l ¢l4tsE &21%t 23 RHSI0KDE AH7}-¢l
AbstEw CLCC-Nt= QlAakstA 1ol &l H Atk (Figure 9B, C). ®3%F, RHSIO
olabekul A A ekS o #¢1% RHS109 o3 CLC-C9] <14k3t A7t 7%
g5 gelstr] fal AakstAst du el Qs of H-E ERlsiglty. o1 A
CLCC-Nt®] T50A/S51A A3t wuizo] A9 CLCC-Nt #d9 vz rt
o14ks} 7t oFstAl vrEbWTH(Figure 11B). %3 CLCC-Nto] S27A, S34A,
S27A/S34A%] ¢ Q4Fs7} CLCC-Nt 2410 A s} fALe A =2 e}
W H(Figure 11C). wek CLC-C2 50T/51S7F RHS109 2] 8k <lAksl z}g]
olal, 27S, 34SE QAbsiAlE]7E obdo]l in-vitrodlAl  FAEATE I
GST-fustion @&l CLC-C C ¥d = I(CLCC-Ct)2] 4%, anti-GST
A S o] g3 v B EXAy 49kDeo A7|Z vl th(Figure 11A).
In-vitro phosphorylation assayg &3l U4tstE @Qlsk A3 RHS1I0KD+
A 7k=14kskE ™ CLCC-Cts S1AkskA o] &l = Jlth(Figure 11D).
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Figure 11. Protein blot analysis and in-vitro phosphorylation assay of CLC-C by the RHS10
kinase domain.

(A) Protein blot analyses of GST-fusion proteins of CLC-C N terminal domain (CLCC-Nt),
CLC-C C terminal domain(CLCC-Ct) and RHS10 kinase domain using anti-GST antibody.
Arrow heads indicate the fusion proteins for CLCC-Nt, CLCC-Ct and RHS10 kinase domain
whose calculated molecular sizes are 35, 49 and 75 kD, respectively. (B, C, D, E, F) In vitro
phosphorylation assay images and phosphorylation intensity fgraphs of CLCC-Nt native,
phospho-defective form proteins, CLCC-Ct and RHS10. GST-affinity-purified proteins were
used for the phosphorylation assay including [32P]a-ATP
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3.3.1 SOR1& £&A|A kinase°|th

Aol EMS-Edwo] Atz M4 ¥ SORI1(suppressors of RHS100x)
2 WA 94Uy EdWol7F RHS100x9] HeElde] 3| HAI7|& s 4
gk RHS109] sh9jQlate Azhs = whejdojth(Baik and Cho, 2019). SORI
2 749719] opnx=At o] '@l R B-lectin, S-locus, PAN-like, Kinase,
DUF34 5709 E=ddo =z FAE U HFigure 12A). 8AA kinase®ZA]
A2E Yol kinase =WRlS 7HAH @A 7] EAWo]7} kinase =M<l
ol G4610ﬂ HEASEe] kinaseo] A4S WA RS Aozt oA HH(Figure
12A, B). ol Ao HARA o] WAL wHA yEh BeEdo] ol F A
ERUE iﬂl ebdth(Figure 12C, D). SOR1¢] A545 A rw, SORL
= o7 W v9 paralogE 7FAAL AL, @A A GE EX A E9
Brassicaceae familyZFA H. &% o] QtH(Figure 13).
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Figure 12. SOR1 is a suppressor of RHS10.

(A) The schematic domain structure of SOR1 and a single nucleotide polymorphism
site(). (B) The predicted topology of CLC-C (from Protter site;
https://wlab.ethz.ch/protter/start) and a single nucleotide polymorphism site(x). (C) e-FP
browser image of SOR1 expression level at root (http://arabidopsis.org). (D) Tables of
expression values of SOR1 at root hair/non root hair (http://arabidopsis.org). A single
nucleotide polymorphism site is marked with a red star().
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Figure 13. A Phylogeny of SOR1 homologs in Embryophytes.

Atha AT1G61380
99 Brara A02537

= Brara.H02722
Wha AT1G61360
100 Brara K00270

Solyc03g006720.1
Potri.001G413900

Atha AT1G61420
Atha AT1G61480
Atha AT1G61490
Atha AT1G61430
Atha AT1G61400
Atha AT1G61440
Atha AT1G61500
Atha AT1G61550
Atha AT1G61370
Brara.l01504
Atha AT1G11280

A Phylogenetic tree was generated by the Neighbor-Joining method using the MEGAX
software package (https.//www.megasoftware.net) after CLUSTAL W alignment of the whole
amino acid sequences. Bootstrap values are given at the node as a percentage o;: 1000
er site. Atha,

Arabidopsis thaliana, Brara, Brassica rapa, Eucgr, Eucalyptus grandis, Solyc, Solanum

replicates. Scale bar indicates the number of amino acid substitutions

lycopersicum;, Potri, Populus trichocarpa
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3.3.2 sorl] EQWoIAE 7 Bed 2¥FS 7Y

sor] EAWo|A| 2Rl o 2 knock-out 2RI sorl-1S x5 tH(Figure
14). FE"e] 28Y S A A sorl-10A HEEe] ol AP R
t} 10% #ZroldtHFigure 15). whebal SORI1o] Bajde] Zo] 4 A3
o] A=At

sort-1
A SAIL_130_F05.v1

ATG TGA 3

5‘—————-—\-/—————-—-——

WT  sori-1

Figure 14. T-DNA insertion and SOR7 transcript level in the sor7-7 mutant.

(A) A schematic diagram showing T-DNA insertion sites of sor7-7 mutants in the SOR7
genomic DNA region. Exons are denoted by black boxes. (B) RT-PCR results showing
transcript levels of SOR7 in WT, sor7-7 mutant where ACT/NZ served a loading control.

3.3.3 SOR1¢| &A= &2 Fod RIFS 7T

SOR1S #agdY So ZzweEel pE7o®  IEA7l  FAHEA
pE7:SOR1I@WT(SOR1ox) T3¢ 37§ z}elellA de] 3PS #H#3513
t}. SOR1ox9] ¥y Zolx= ofAdd nTt #1 #2e A 11%, #4 g<lg

B 8%, #9 19l - 10% #adtalv. 3709 epelelA o] srejde] 2o
E T89S ul SORloxel HElde] Zdol= ofAd R 10% #Ashe] v
E}wth(Figure 16). mhebx] SOR19] fejdoafe] 2ty Hgjge] Zo] A
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RH 7%= 178 234 240
seedlings N 35 35

Figure 15. Root hair phenotype of Arabidopsis sor7-1 mutant.

(A) Representative root images of 3DAG Arabidopsis WT, rhs70 and sor7-7 mutant . The
scale bar is 500 pm in all images. (B, C) A root hair length violin plot and a table of
3DAG Arabidopsis WT, rhs70 and sor7-7 mutant. Data represent RH length from 178-240
root hairs from 31-35 seedlings in WT, rAs70 and sor7-7 mutant. Three biological repeats.
Statistically significant differences are denoted with different letters(one-way ANOVA with
Tukey's unequal N-HSD post hoc test, P < 0.05)
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2%} 6.06486 6.50419
RH 7= 344 1085
seedlings 37 119

Figure 16. Root hair phenotype of Arabidopsis SOR1 overexpression lines.
(A) Representative root images of 4DAG Arabidopsis WT and SOR1 overexpression
lines(SOR10x, pE7:SORT@WT). The scale bar is 500 um in all images. (B, C, D, E) Root
hair length violin plots and tables of 4DAG Arabidopsis WT and SORTox lines #1, 4,9.
Data represent RH length from 344-366 root hairs from 37-40 seedlings in WT and
SOR1ox lines. Three biological repeats. Asterisk indicates significant difference from the

WT value(Student's t test).
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RH length(um)

444

WT rhs10 sor1-1 rhs10xsor1-1
Cc

WT rhs10 sor1-1 rhs10xsor1-1

i@g 474564022 577645 534936 519.47103

Wt 121.2963821 114.529 105375 96947907

%t 6.366408987 5.97021 553839 5.1600164

RH = 363 368 362 353

seedlings 38 37 39  3.80E+01

Figure 17. Root hair phenotype of Arabidopsis rhs10xsor7-1 double mutant.

(A) Representative root images of 3DAG Arabidopsis WT, rhs10, sori-1 and rhsi0ksor7-1
double mutant. The scale bar is 500 pum in all images. (B, C) A root hair length violin plot
and a table of 3DAG Arabidopsis WT, rhs10, sor7-T and rhs7Oksor7-7 double mutant. Data
represent RH length from 353-368 root hairs from 37-39 seedlings. Three biological repeats.
Statistically significant differences are denoted with different letters(one-way ANOVA with
Tukey's unequal N-HSD post hoc test, P < 0.05)
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Table 1. List of primers used for PCR

Subject Primer Sequence (5’ to 3")

CLCCox CLCC_Xmal_F ACAGTCCCCCCGGGATGGATGATCGGCACGAAGG

cloning CLCC_Ascl_R ATTTTTGGCGCGCCTCACTTGAGGGGATCAATGTG

RT-PCR to CLCc 2490F GACAAAGTCCTCCGCACATATAG

confirm clcss

mutants CLCC 3114R CTCATCAATTACAGGGAAACCATTATGTCTTGTC
CLCC-C cdsF CGGAATTCATGAGGGGGGTCTATGACCAGATTG
CLCC-C cdsR TTTTGTCGACTCACTTGAGGGGATCAATGTGAG

CLCC CLCC-N cdsF CGGAATTCATGGATGATCGGCACGAAGGAGAC

i)ril"o"s‘é‘il%rylaﬁ CLCC-N cdsR TTTTGTCGACTCACTTCTTCCTAGACCTCCAGTC

on assay CLCC-N 27A R GGTTTCGAGAGGAAGATAGCTGGGATTCTAGACG

cloning CLCC-N 34A R CTAGACGATGGAGCTGTCGGATTTCGAC
CLCC-N 50A51A F | GAAAGAACACAGCTGCTCAGATCGCTATTGTC
CLCC-N 50A51A R | GAATCGAAAGAACACAGCTGCTCAGATCGCTATTGTC
1g61460 1161F CTTAATATGGAACCAAGACTTCATG

EOTn‘fngnRstgd 1g61460 2202R CTTGAGGCATGAGTCACGATGGAG

mutant 1g61460 1302F CTAGAACTCCATTGATACTATTCG
1g61460 2739R CACAGAGAAGACCAATCT
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Figure 18. The model for RHS10 signaling via CLC-C and SOR1.
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6. ABSTRACT IN ENGLISH

A study on the root hair growth
signaling mechanism of RHS10

downstream factor CLC-C and
SOR1 1n Arabidopsis thaliana

Eun-Ju Cheon

SEOUL NATIONAL UNIVERSITY

Department of Biological Sciences

RHS10 (Root Hair Specific 10), one of the genes which are specifically
expressed in root hair and have Root Hair-specific cis-Element (RHE)
in the promotor region, encodes a receptor—like kinase that is thought
to be associated with cell walls. The rhsl0 loss—of-function mutant
showed a longer root hair length phenotype, and RHS10
overexpression (RHS10ox) has almost no root hair phenotype. In this
paper, 1 did experiments about the factors that are involved in the
RHS10 signaling pathway. In our previous study, RHS10 downstream
candidates, such as pTORs (phospho-proteomics targets of RHS10),
SORs (suppressors of RHS10ox), were screened from RHSIO0
phospho-proteomics and RHS10ox EMS-mutagenesis screening. Here, |
confirmed if some of the candidates transduce the repressing signal of

root hair elongation by RHS10.
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First, I confirmed if CLC-C, one of the pTORs screened from
RHS10 phospho—-proteomics affects the root hair development and acts
as an RHS10 downstream factor. CLC-C is a tonoplast-located ion
transporter protein that transports chloride 1ons into the vacuole.
CLCC-less expressing c/cc mutant showed shorter root hair and it
proved that CLC-C 1is necessary for normal root hair elongation.
Observation of fluorescent protein of CLC-C overexpression
allele(CLC-Cox) showed tonoplast intracellular localization of CLC-C.
CLC-C overexpression in the WT background made root hair length
shorter and CLC-C overexpression in the rAs/0O background didn't
make root hair length shorter that much. It means RHS10 is needed for
the root hair growth signaling of CLC-C. RHS10 phosphorylated each
of CLC-C N and C terminal domains in an in-vitro phosphorylation
assay. As for CLC-C N terminal domain, T50/S51 phospho-defectve
protein was less phosphorylated than its native form and it proved that
CLC-C T50/S51 are phosphorylation target sites by RHSI10.

Next, I confirmed if SOR1, one of the candidates of RHS10ox
EMS-mutagenesis affects the root hair development and act as an
RHS10 downstream factor. SOR1 is an unstudied protein and expected
as a receptor-like kinase protein located in the plasma membrane like
RHS10. sorl mutant showed longer root hair length and SORI1
overexpression made the root hair length shorter. It means SORI
represses root hair elongation like RHS10. rAsliOxsorl double mutant
showed longer root hair length than the wild type but shorter root hair
length than rAsZ0O or sorl mutant. It proved that SOR1 and RHS10
signaling pathway is related, and RHS10 and SOR1 do not act
independently.

Key words: Arabidopsis thaliana, Ion transporter, Protein

phosphorylation, Receptor-like kinase, Root hair, Signal transduction
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