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ABSTRACT

Characterization of DEFECTIVE QUIESCENT CENTER
gene encoding a vesicle tethering factor required for root

meristem organization in Arabidopsis

Yo—Han Kim
Advisor : Assistant Prof. Sang—Kee Song, Ph.D.
Department of Life Science,

Graduate School of Chosun University

The growth and development of roots mainly relies on the continuous cell
divisions in the root meristem and cell elongation occurring in the
differentiation zone. Cells in the quiescent center (QC), where cell division is
inactivated in the root, constitute root meristem together with surrounding stem
cells to provide a source of cells for the generation of all the tissues in the root.
To understand the regulation mechanism of the root meristem development
new mutants were isolated by the introduction of UAS activation tags in the
Q2610 enhancer trap line expressing GAL4 transcription factor specifically in

the root. A recessive mutant exhibiting short root and reduced cell—elongation

Vi
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phenotypes was selected and designated defective quiescent center—1 (dgc—
1) due to the defects in the QC shape and the expression pattern of
WOX5p-:GUS, a QC reporter.

To determine the T—DNA insertion site that induces the phenotype of dgc—
1, thermal asymmetric interlaced—PCR was performed and the T—DNA
including the UAS sequences was localized at the Atbgl6280 locus. DQC
encodes a putative transport protein particle (TRAPP) III-specific subunit,
AtTRS85. The putative open reading frame of DQCis 7,969 base pairs in length
and composed of 28 exons and 27 introns. Two T—DNA insertion mutant alleles,
SALK_208572 and SALK_130580 possessing dgc phenotypes were verified by
the PCR genotyping and named dgc—2 and dgc—3, respectively. It was
confirmed that the dgc—21s the dgc alleles by the genetic crosses with dgc—1.
Interestingly, the new dgc alleles displayed defective responses to gravity. To
understand the defects of dgc in the gravitropism, the expression pattern of
DR5p:GFP—GUS, an auxin response reporter and the subcellular localization of
PIN1—-GFP, an auxin—efflux carrier were examined. In the dgc mutants, the
expression region of DRSp -GFP—GUS in columella was expanded and the
PIN1—-GFP signal was abnormally accumulated in the putative lytic vacuoles
together with normal accumulation in the basal plasma membrane, which
suggests that the auxin transport in dgc mutants is partially compromised. The
endocytosis of FM4—64 to the tonoplast—like membrane in dgc mutant is
facilitated as compared to that in the wild—type background. To understand the

roles of DQC in the endomembrane trafficking, the expression patterns of

Vii
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various organelle—specific markers were introduced and examined in the dgc
mutants. The expression patterns of endoplasmic reticulum/plasma membrane
labeled with mCherry—NIP1;1 and Golgi apparatus labeled with mCherry—
SYP32 in dgc mutant were indistinguishable to those in the wild type.
Interestingly, the endomembrane labeled with mCherry—VTI12, the trans—
Golgi network (TGN)/early endosome (EE) marker, in the dgc—2 exhibited
aberrant vacuolated structures instead of the puncta—shaped structures found
in wild—type background. The expression of late endosome (LE)/prevacuolar
complex (PVC), labeled with mCherry—RabF2a was increased and more stably
maintained in the dgc mutants. In addition, the vacuoles labeled with mCherry—
VAMP711 in dgc—2 displayed fragmented and round structures unlikely to the
tubular and interconnected structures found in the wild—type background. In
addition, the protein storage vesicles found in mature embryo of dgc mutant
were also smaller and more fragmented as compared with those in wild type.
These results suggest that DQC might be involved in the endomembrane

trafficking from TGN/EE, LE/PVC, to vacuole in Arabidopsis.

viii
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A71e] 711%k =AWolAl AL 8ol T AHoem <ol md
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G Ee oA Ao FFo] FX¥Et (Muday and Delong, 2001;
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oA A 27 R diEe] Eas wol viAiy FARE uehA

®Z "gog olFshz wAleltt. Al WA= HUY "W A (tethering) 2 AXE7}
%A o 2o Tuald A¥o| EA3F= Rab GTPased ¥2& wo] g

M

2} = EB3HA) (tethering molecule or complex) &F A d3&lA =+ WAoo}
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oho] EA 3= t—SNARES Ao 7 trans—SNARE 2384 7} ¥ o
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Figure 1. A schematic overview of the endomembrane system.
In plant cell endomembrane system, appears the location of the specific

vesicle trafficking stage.
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McBride, 2001; Woollard and Moore, 2008).
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Ao &3ttt (Vukasinovié and Zarsky,

el
=1

BN

J_,NO

oy
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3t} (Grosshans et al.,, 2006). HEJ& <A} (tethering factor) <=

Q3

=)
=

U

™
ol
e
)

.
o

3w

o u} Apo] oA

small GTPase 43 z}51x}9]

T

R

3k
10

3t} (Koumandou et al., 2007).

S BgAeln, Huy =
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9. TRAPP complex? 7]%

AEL gReA FFHA FE TRAPPI 9 TRAPPI &ws)As}

TRAPPII 5old A AId Trs85¢ thdt orthologs RAF3Fa Sltt
(Thellmann et al., 2010). EXoIA A5 TRAPPI &A= AxZd=3
7 late Golgi % @Al A#Eo] St (Rybak et al, 2014). skAI%F
A5 TRAPPI E3A 9 TRAPPII HEA dist 7ls2 @A
A XA eFdt,

AT A o7 e BrE s sk MEE FAE 271 98
GAL4—-UAS 4 8AE E{8te] defective quiescent center—1 (dgc—1)
=AHolE AEEA HAY dge—12 @4 sdAWolE Fuitde] opd
Fost A8 T-DNA Ajle= uehts 7lsd4a =drolt. o 74
dgc—1°] Wd A7k A3 ®Bag bk 7] wiEel dge—1 B DQC A

o33 o o 4td¥ T-DNAZE Q& v o] 49 Zdwo]E9)

=

%4

o,

FH
DOJE
ol
=

Solx Wy g A FAR /5E olsud

i

>,
kr
ol
32

11
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1. 7 4= $H8 =22

& A7E Ask= H AR oB71EH o8 E 2 Columbia—0 (Col—-0),
Q2610-ColE ol-&3atalar, el Ao Aol Q= dgec—1& AHE3FAT
S, AT5g16280 fdzk F9el T-DNAZE ASlHe]l Sl EdWe]
SALK_208572c2 SALK_130580& Arabidopsis Biological Resource
Center (ABRO)°IAM Fiste] AEs st o7 dhe FddH e
Aol FHolA wieketl=dl FadEel wiAelA wiFskr] fleiA S
A4S FadHlE FA8aLAF clean bench WollAl FAE 0.7% NaOCl

ghor #wl dudt ¥ SHFR 83 AHse H NaOCIe] Heol 3UA

U= APy HoE FAEHZ S o] g3t 0.7% gelite?t 1183}
1/2 MS A el #Fst & o UAE A8 WA vFEE AT Fol
4TCelM 3 A7t Ejeket 23T widelAd 24 ARRE FET] 2d=
FAANATFHA FHAoZ YA kel ol & o 7 A Fof FAES

Hj ko o] 2 ste] wjoFslgitt. Eoll A HieFsl= o= Osmocote 14—14—

14 9F 1 g/potE {3t QY= 1:1:1 H]Ee & : Helo|E : AN

(ot
d
it

(Sunshine Mix #5, Sungro)©] ¥3+4d potoll FAE 95310] 4TolA 5 L7

HjFeE 5 23T 24 Al F57] 230] SHA Q= vk el wi AR T

12
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2. WA 8 =4

2—1. Luria—Bentani (LB) broth ®jX]

1 L 7]5=C% Luria broth (tryptone, yeast extract, NaCl) &%= 25 g¥}
1L 75,5 2L £39 27 28230 713 & E50)4 &3] [ &
AZy ZebA o) agarose powderE T 1.5% Yol & 29& WA 317
fal dFvlE zdE2 Y45 "ed + F autoclave A& 65T
FErxeA 1~2 AR A% FHEA A3 FHel 0.2 pm THE HIE
FAAE Fste] E50] &+ Fol petri dishell 53t 204 23 H

10714 WEate] 4TeA weTh

2—2. Murashige and Skoog ¥ *]

1LE 7|#o® 2L €39 A7 ZepATe| sucrose 10 g MES 0.2 g,
THF1LE ¥2 59 F 1 M MgSO, 2 ml, 1 M Ca(NO3 ) 2 ml, 1 M
KH, PO4 2.5 ml, 20 mM FeEDTA 2.5 mlE Y1 9 Fo 1 M KOHE
Shagow oy Wl Ax el pH 5.8 wF FUuh vmixgow

Gelite 6 g2 7l ¥ <4Fvg 3492 Y5 WES9] autoclave

A&AER, 65T F&FFo] Y 252E AFHF Fo| square dishel
EFeth Ao =3 F vjdE Widte] 4TolA wmaAsicth

13
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3. Genomic DNA &

$%7h %& genomic DNAZ FZet7] 9814 ol71gule] o9l o 48

Zhepa] wRxpAbEbe] Wy AMAAALE Fo]FHA] ZolE Fof] AEES 1.5 ml
microcentrifuge tubeel Xo} HF74& ©1 AL YW 30 xZH

WA 71T, dZbE AE JF B Qb cell lysis €9 300 plE H7bska
65C9 g2z A 60 #7F T2t RNaseA (4 mg/ml) 1.5 plE FH7}sta
713 Al

Ao 5 Bt &5 UHFE FH o protein precipitation €92 100 gl

inverting 1 &s}o] £ A7l F, 37C 240 30 £7F H&~

A

s

M

H7bsta 1 &% vortexing X &EFQITE o]Fef 10,000 rpmS=E 5
AR JAgYst Fof AF NS A FEo| ©al 100% isopropanol 300 gl
H7Fsk FHol inverting 2 339th 10,000 rpml® 1 B3 dAEg
HEstapa] A5 gl WB (80% ethanol) 500 pls FH7bsho
inverting a5 10,000 rpmo® 1 #37F AR A1 & ASd

AASATE st © 10,000 rpmOE 2 #7F AAFEY AlA FE kel Q=

ethanol& A3HAl AANT= FHell 15 +3F A2ox AxAIZ

=
<
(@R
=
a5}
jng
@)
=]
ofo
%
O
\)
O
}—‘
(@)
(@)
R
ol
2
_1
4
<
@)
5
@)
ke
)
o
off
-
i
o
i
ol
-
32
ﬂ\—l‘ ‘{0{,

genotypingg Y3t genomic DNAS F&EL& ztd3dty wE wWyow
ATt (Edwards et al, 1991). ©oJ& < 1~2718% A& & 1.5 ml
Eppendorf tube®] Bl extraction buffer (250 mM NaCl, 200 mM Tris HCI
pH 7.5, 25 mM EDTA pH 8.0, 0.5% SDS) 200 xl& ¥ % blue pestles
o] §3to] o] WASHA] AEF Hufjst WA AR HHE] ZolE v

vortexing Z3st 14,000 rpmO.E 4TCoA 5 E7F AR A3st,

14
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Mo
s

AN 150 px1E A tubeo] Hols+ ¥ isopropanol 150 xlE& ¥i 2
2] Al

Lo ArzMNS AAT T 70% ethanolS Y, 14,000 rpmOZ 1

o
gh
o2
£

AL oA HEEAIZ T Al 14,000 rpm O E AL oA 2 E1F

Al
“

Mo
e

ol

oA dalie] Aldstqlth tube 9] ethanolg A7 sk, 156 #3F &

141

N
BN
o
A
i)
ey
i,
ofN
du
BN
1

0 plE 931 =994 genomic DNAES F=3}

32
=

4. Primer TJAFQ1

T—-DNA A9 9A1= 27] 98 28Y3}= thermal asymmetric interlaced
polymerase chain reaction (TAIL—PCR)e| A}g3l7] €3+ degenerative
primerE A Zsltt (Liu and Whittier, 1995). X3l genotypings %3l

homozygous?l 2&& Asl7] fs&] xZetolHE txQl skt txld

of
ol
N

Zglo]E& Macrogens =3te] A&skAtt (Table 1).
5. 2382 A 9-S (polymerase chain reaction, PCR)

o 7174 th ol A &3+ genomic DNAE T o2 stal A|2st 574 primer
(Macrogen) & Taq PCRE buffer?} polymerase, Pfu PCRE buffer2}
polymerase (Nanohelix) & AFE-3}o], 94TeoH 3 ¥, 94T 30 %, 527CIA

30 %, 72TCoA 2 & 253 Adstar 72Ce|A 5 &3+ vk th

15
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6. TAIL-PCR %13

TAIL-PCR 3xfe] AA x13stlom 3 w2 ool Zrt (Liu
and Whittier, 1995). pBIB—UAS vector (Waki et al., 2013) ¢] left border®]
AR A el 3FF2 xelolH (pBIBLB172, pBIBLB272, pBIBLB372) & 1x}H4-H
327k =AU E AFESESl Al degenerative primer?l DEG1E ¥&O0%
ARg38t9] Taq polymerase® AH&3F] PCR ®bg=2 T3] 20 pl7F HES
Rkl MGtk 12k PCR 2702 93TC® 1 #, 95C= 1 &1 ¥kgA7]
o WAl 94C= 30 %, 60C= 1 #, 72C= 2 & 30 =% 53 &<t
HES-Al713, 94C= 30 %, 60C= 1 #, 25CHYE 72T7HA 0.27C/sec

Z71072 3 BS wexAHY. 181 94CE 30 &, 60CE 1 &, 72T=% 2

30 %, 44CE 1 ¥, 72TC=E 2 # 30 25 153 »¥3sta, 72T 5 &1

=
olo
ol
b4
)
)
Wi
)
ge)
(@)
=
PN
Y
flo
—
Wi
)
ge}
(@]
=
o
oX,
ol
ftlo
—
~—
o
o
Loty
i
>,
i
N

oﬁi
HU

AbgEtgom 94C®R 30 %, 60C2 1 ¥, 72CT% 2 ¥ 30 %, 94C=E 30 %,
60CE 1 &, 72CE 2 ¥ 30 =& ¥, 94C=E 30 %, 44C=2 1 #,
72CZ 2 ¥ 30 =5 1238 W®Ysta, 72C=E 5 w5 wEasich 3%
PCRolM & 22 PCRO AAES 1/10 3AAIA FHOo 7 ALgslo] 94T=

30 %, 44TCx 1 &, 72C=E 2 & 30 & 203 ¥sta, 72C=E 5 3t

16
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7.PCR AAAEY AA 4 AVFF

PCR %3<e %3 <33 DNAF Nanohelix AF] purification kit
olg3to] FAEATE. FAE AHES 0.5% TBE buffer€} agarose, 181l
NeoScience A} Neogreeng 10 ml/0.5 1l AFE3le], 1% TBE agarose
gel& "HE©] full voltage® 30 w3t A7) &S A8 o, Enzynomics
AFe] 1kb(+) DNA ladder markerE geldl o] Aol Wi ilo]=E

SRS

8. Ligation

Ligation= Thermo A}2] CloneJET PCR cloning kit®} Roche A}9]
ligaseE AMEstY] % 10 plE W F 450y 392 FEE 448 H

Ao 16 A7 ibeS AAystginh

9. 3AAE

Ligation Aoz HAFE plasmidE E.coli (Escherichia coli)°l
4171+ W (Hanahan, 1985) 0% Y& RPM¥I} 252 HH3] wjdkAzl
DH5 e 9l CaCl, & #2lsta. Eppendorf tubeel] #F3 % —80T deep

freezerollAd 71 HA3SIE competent cell 100 plS Ao Ei1 AA3]

5o]FE F ligation A= 5 ple H7HIFL daolAd 10 #3F ¥k A1 F
42T &5 Fo) A 43 %7F heat shockS 7Hal& & HlE g&of 2 # Z<l

17
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HE-S-A] 71t} Clean bench WolA LB AA|wiA]E 500 plEs Yo+ F 37T
7ol A 20 E3F sl 7] ' v k7] ell A 40 &3 ikt ligations
A& s vectord Fwel wel SolFQl FAANZE $HGE LB azA|wjA e

TEA =@ste] 37°C wjkr] oA 15 AlZHS wjokabel ).

10. Colony PCR

]X

Qs

oz&'
ot

Ay T A iAo FAHH Z2YUE FIPOR AL
2el® plasmide] Weo] Qs AR Zlo]WE o]

A#ste] 9= DNAZE A9 E F2UE Adsqict.

o

o] colony PCRS

11. Plasmid DNA purification

gh= colonyel %= FAAZE F7Fe LB HAHNA 3 mlEs ¥2 % Al

colony® AEste] 37C WG wjkr]e]l 2a 15 AgF wjg

O

Sl TR = ==
Pavorgen A}%] Plasmid extraction mini kitE A}g3ste] ZZAn=E

d A A

18
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X
GUS ¥ Askz] S8l GUS 4 A12F(100 mM Na, PO, (pH 7.4)
5 mM potassium ferrocyanide, 5 mM potassium ferricyanide, 10 mM EDTA,
0.1% Triton X—100)°] 5 mg/ml X—Gluc (5—bromo—4—chloro—3—indolyl—
B —D—glucurionide cyclo hexeyl ammonium salt) & o] Aok A3 &
A FolA #EstaA sk F919 A4S Het
Sl n % (Zeiss,

il

Axioskop)

ol
i

1/2 MS Hjx]olA =gt 2]

o

93 28T WA 15 Az B F
olg3tel GUS 94 e wastlnt

01'_1.,

A A&7 (Leica, MZ10F)

TC -
A

13. Seed coat mucilage €A
EAEHE A NS Mucilage)= &8t A3l F71HA
gy

FAe] Hyxdo
A A WHS F2E Eppendorf tubeol

< HysSiet A
= ZE wjekr) oA 27T, 200 RPMO & 2
sk

-

oz o

50 mM EDTA 800 mlE %7}
Fol dAE2 doldlE o]gsted EDTAE
95 800 ml #7hst

AIZE 7FEE HlEAIZD
| A33 0.01% ruthenium red (Sigma—Aldrich) 3]

X;I = 2%
T 27T, 200 RPMO.2 1 AIZF v9FA T}, ruthenium red 34 S A A
F dojmd 5 I el

dH, O A= F slide glass ¥l dH, O
T WA HS

A2 2dxn AAA9 A (Leica, MZ10F) 2.2 #Zsich F
oy w2 0.01%

HjokS X8 &hA)
g FHosk

[¢]

50 mM EDTASt & ujekz]o)A]e]
800 mlE A7} 24 UE tubeol

=
oy

ruthenium red 34
FAYL Haghsto] Aol 2 AZF Tk G A
19
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5171

o

. A %] o}

2

O

1/2 MS #jAlefl 3}

=
=

=
1|7 (Leica, MZ10F)

g

il

Fe=

Fet AA

I3

&t

S

14. 2] o] 573

=

4CA 3 2
o

*r o]

7 :
- e
H %
= o
oS Ho
ﬂﬂ mt
T ™
E <"
ey 3
N X
= =
o 0
- =
nf Q
c —
2 B
= LU
r o

o X
Ar i/ d F
B TO ik
. ~A ‘“_Ai #l
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Bs B Nfo i
) =z
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Table 1. List of PCR primers used in this study

Target gene

primer

Sequence

dqc-2

dqc-3

tpst

pBIBLB372
pBIBLB272
pBIBLB172

DEG1

Forward

Reverse

Forward

Reverse

Forward

Reverse

5’-TTGACACCCATAAACTTATGACG-3
5-TGTGTTCCGCGTTTACTATCC-3

5-ACTTGGATGTGCTCTCACTGG -3’
5- ATGGTTCACCGCATCACTTAC -3’

5-TGTTGTGTGGTTAAGGCTGTG-3’
5-GGCTTTTGAATTTCTGCACAC-3’

5’-GCAGCTGGCACGACAGGTTTC-3
5-GCTCGTATGTTGTGTGGAATTGT-3
5-GTCGACAGATCTCATGCCTGCA-3’

5-WGCNAGTNAGWANAAG-3’

Collection @ chosun
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1. 43

1. 5x UAS B EAE ©]&% =dd0] A

N7l e A Hske MEE fAAE Adetazr fty
ol GAL4-VP16  AARIAE o=z ddshs Q2610 w7l
UAS2. A7) 61 AEd=E ujde (5x UAS) EA3xEA (Waki et al., 2013)&
ekt 24X E Ty poolold HAXASE 2ES AEetr] 95k
hygromycin B @AA7} 23¥ 1/2 MS HjA|o] dFsto] AHEe th

de #EE A3 opEIde= vE dHE Uede ddded

AES HEEPI oSS defective root development—5 (drd—5)

it
2
E
o
i)
=
ol
ol

3t (Song, 2016). o|S5ZFoA drd—5= gl Zol7}t
go] kAo Fow Mgl iAol AAH EAS MR EA

&
Ho itk ob Y} drd—5 wdWele] Bl RdY AolE By AdAEH

kol it} T3k PR F A (quiescent center, QC) oA Eo]A o7 HHe] ¥ o
ZZZIAE B3 E A= Aow dedd fH1AR WOX5 (Sarkar et al.,

2007) 9] Wd FFS A fsted welE FSlA WOX5p:GUS © AEE
FRAAZS drd—5 W7ol Qe 1 A3}, WOX5p:GUSE oF33 w7 3=
G2l drd-5 WA v AEAA EFAor  WEEHE RS

22
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A= ol dge—1 AATAFE] ALl ool dEtstae oy

AAZARE= Q™3 stem cell initialEe WS A= A3S
F57] w&Eel, QCY e W FAAY o] o R A3 dge—1 ¥l o

ool Upebete FhsAlo] Gtk webA opE I dge—1 EaAMole] BAxA

Apolell ot zpolrt EAst=AE &Skl flst] LAxAH Y AEset

wazge Pol& ZHRsith. 59 A dge—1 FIEHY AEF U
Zol opgFel HaAA FAvs BaHALL FANAT (Figure 3).
ol ¥ Wi DC FAAE AAFURY AAN £ Durdzge)

FAE e AedQl A2 sk las vt

23
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WOX5p:GUS

Figure 2. dgc—1 is defective in root meristem development displaying
aberrant quiescent center.

Confocal microscopic images of WT and dgc—1 root meristem stained with
propidium iodide. Arrows indicated the position of quiescent center (QC).
The expression pattern of WOX5p 'GUS, a QC marker is compromised in

dgc—1.
24
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dgc-1 wT dgc-1 wT

Figure 3. dgc—1 displays reduced root meristem activity.
The number of cells and length of root meristematic zone were measured
based on the shape of non—elongated cortex cell. Error bars indicate

standard deviation.
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2. TAIL-PCRE %% T-DNA 4 9A &<
dgc—1°] =Wo] XdFE FEske T-DNA A8 fIXE FQlsh]
93}y genomic DNAE F=3}% 1 pBIB-UAS vector (Waki et al., 2013) ¢
left borderell R A<l primer (LB172, LB272, LB372) ¢} degenerated
primer (DEG1)S AFg3lo] TAIL-PCRS Ast Tt LB372 primers
AREEE 12 PCRAFH LB172%& A3 3% PCR7FA 3 A3 32 PCR

A= A717F 22k PCR &3 vlwste] sk dHE Yelhde As

)

golstitr =71+ oF 900bp A=Y (Figure 4). 3% PCR A¥=z FS
DNAE 2439 79SS 43 A3} pBIB-UAS 9 EA 7]g3t
57018l UAS &4 %A EA7F &2 %lal T-DNA+= Atbgl6280 4] 9

26014 <=2 101094 ofriite] Al AS g8t (Figure 5).

26
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Figure 4. The results of TAIL—PCR gel electrophoresis by using the dgc—1
genomic DNA as a template.

The PCR product size of the third reaction was smaller than that of the
second reaction. By adding Neogreen (NeoScience), an ethidium bromide

substitute, the DNA was visualized.

27
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tgaaattagaattttgetoaaact ttcagGATTGCAGARAATCCGGGACTGAAGRCGAGGARACCACGTCCCTTCCTCCCAGCCARALTG 1008
bD€C R K S GTEDEUETTITSILP PR S QT
ATGTAAAATTGTATACTCAGGATGACGATGARAAGC TTTTCGATATCGTTAGCTCACCTTTAGCARGCTTCCATGAAAGTGAAAGGTCAT 1028
b VKL YTOQDDDEZ XL FDIUV S8 S PULAZSBST FHTESETR 8
GTCAGGGACCCTCGGTTCAGgtaagegaatatectctttcagggtcataaatcttatgtatgtottatgtgegtgagattttttttggaa 1058
C @ G P 8 V@
dtatgtattactctcttaaacacagtatcacttcocctggtaacttatcatcggaactgtggtgaactcaaatttetttgatgaaacagiGT 1065
v
AARGTCCAAATACTGTTGACTTCATCCTAATCTC TCGCCTGGCGARRAGCAGCAGTCCATCAGCAGTTCCCGATTTACCAARGATTTTGTC

S PN TV DFTILTI R L. A K S 8 B P 8 A V D L P K I L 8 1066
TCACCATTCATGTCATAACAGGtaaagtaccocgcaaagatatetitetgragattgeoaaacetattgtccacttctaatocecgttgtgt
H H S cHWN S 1096

tcaattacagt ATCAGAAGE TCOAGCOOGATCTCGT GETCAC TAGACGETCCCCARACCATACACCACGACTTTTCGACCTCCTTCTGT G

I R § 5§ § P T S % S L DG P OTTIMHUHENDTFSTSTLc 1103
BANTAARACTAMAGATGGT AL CAGAARCACATCTGATGGAATATCATCTGTGACCATC AACACGARTGAT T TTCTACCAGACGCAGCAG
E I K L KMV I RNTSDOGTI S8V T TINTNDTFTLTPUDAA 1129
CARCTACTTCTTCCTCTGGARACCAATCCGGGT GGCGCTACGTGCCARCCATCACAGAGGARATGARACTAACT TCAGATGTGATGCGAA
A T T 8 8 82 G N Q & G WRY VY PTITEERMETLTSDWVMEG 1159
GCCGETCTEGEAAAACCGCCATC TTCCATGEARAGC TCACCTCCT I TCATATEGT CAGGETTTAAGT TCCACAAAGATCCARRTCCAGCCAT
S R L 6 K P P S M E S 8 P PF I WS G LS S8 TIKTIGTISGEF®P 1189
TATCCATAACCGARATACCGOTHCAGATATCAGTTTTCTCTCCAGGTATC TAC GATC TG TCT TCATATGAAC TTAACTGEGAGCTATCTG
L S TTETITZPTLO OTIS SV FSPOGTIUYODTILSSSVYETLWMNTWETLS 1219
AGCATGAAAGTGCARCATCATCAGGGACATGCCARGGTTATCCTTATTACCT TACTGTTCTTCAGTC TGAGPBAgct L tatagt totet
E HE S ATS 6 1Tc¢coQe Y P Y Y¥YLTVLQSE * 1249

Figure 5. dgc—1 phenotype is induced by a T—DNA insertion which is located
in the open reading frame of At5g16280.

The site of T—DNA insertion inducing dgc—1 phenotype was determined
by the sequencing analysis of the TAIL—PCR product. A part of nucleotide
sequence of the Atbgl6280 is shown. The bold and underlined A letter
indicates the bordering sequence of Arabidopsis genomic DNA where the
T—DNA was inserted. The bold and underlined TGA sequence indicates the

stop codon.

28

{“/Collection @ chosun



3.DQC R #4 @M vt AALY FALE ML

ol

DQC Fxke] osfjx Ao w dEste= ofvwmat HES Tk
EMBL—-EBI (european molecular biology laboratory—european
bioinformatics institute) ] proteins F&HolA] ©@¥A Mg A4 U F{HE
A& F+= InterPro tools E;A e FolA SAe= FARE ket
i ofuAt M motifE BT DQCY ofv|mat MES &

Abgtell ol27|7kA] A A A HEH TRAPPIIS] Sol4 AwoAQl
Trs85¢ fAHeE Zlo® Yk or, DQCO 411RA ofr]wAtE 54604 9
o) =ik A doll= HEH tetratrico peptide repeat like superfamily protein
(TPR) Yol ZAst= ZS& At (Figure 6A). TPR ¥
g Ao e AEs gidste Aoz deA 9tk DQC uFeol EAE:
HE¥ TRS85 A ofvjAit MAE3 2 2 Azol EA4sk= TRS #4
obulial MAZEe] FAREE mlustvh (Figure 6B). %3 PAUP4.0
TeaHs FEsto] o REAEHR EAEE AT A ofrEd 9
DQC2 ot Mde W] EAe= O0sTRS85¢ 7H x2 #FAM:

et (Figure 7).

il
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D_melancgaster
M musculus
H_sapiens

C_elegans
P_patens

A _thaliana
O_sativa

D melanogasterx
M_musculus
H_sapiens

C_elegans
P_patens
A_thaliana
O_sativa
D_melanogaster
M _musculus
H_sapiens

C_elegans
P_patens
A_thaliana
O_sativa

D melanogaster
M musculus
H_sapiens

[ I {{——=1 T I ]
1 200 600 800 1000 1212
c_elegans GLERDLEADKAMAAHAVALEMCCVALHSAQPOLNANOFMIXKYLETPVSLLIEHAKFRRYP 457
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Figure 6. Multiple amino acid sequence alignment among the conserved
TRS85 motifs of DQC and DQC—related proteins from model organisms.

(A) A TRS85 motif exists in the coding region of DQC. (B) The amino acid
sequence of the TRS85 motif in DQC is indicated in the box. The asterisks
indicate identically conserved amino acid residues among the proteins,
whereas single and double dots refer to highly and moderately conserved

residues.

30

(“ICollection @ chosun
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381

— 91 A. thaliana

258

304 .
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464
D. melanogaster
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M. musculus
407
56 H. sapiens
500 changes

Figure 7. Phylogenetic relationship visualized among the amino acid
sequences of DQC and related proteins.

A phylogenetic tree of the DQC and related proteins. Bootstrap values (500
replicates) for the tree are shown above the branches. The bar numbers
indicate the respective amino acid sequence differences.

Accession numbers : C. elegans (NP_491642), P. patens (XP_024378593),
A.  thaliana (NP_197132), O. sativa (XP_015631968), H. sapiens

(NP_055754), D. melanogaster (XP_001973363), M. musculus (NP_796012).
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4. F7}8<Q T-DNA A% Edwol9 A

At5g16280 =21l
SALK_208572c 2}

genotyping< Al 333l

dqgc—2%} dgc—3%Z st o] &9

F& B dgc—13 rAbskAl Hel e

wEEgon, wedo] sy
|59 Aol A 7)we)
dac EQo] 2719 Yug

W, dge EQAWole] 77 AaAT HHE Aee

(Figure 9A). T3t dgc—I1&

- O
TH -
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SALK_130580¢]

T-DNAZ}F  4Fi# Fiel =dweld
TAES  ABRCOIA  FE3ke]

w3 A3, dge—29) dgc—
o]
LERE ST
WM A EE AT oY

vk Ayt oY £V

dol|7} zha, B wkA sk 7FA o]
] (wavy) ol HHE

J=1n =3
==

(Figure 8).

FAow PR
Aol #AH YT}

Eolo)e] 5&e ofAFe ulsto]

R

dqgc

Aoz #AZEAY (Figure 9B).
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CHOSUN UNIVERSITY

dqgc-2 dqc-2 (6dag)

Figure 8. Root phenotypes of the dgc mutants.

The upper panels show the overall root phenotypes and lower panels show
the spacing and shapes of the root hairs. dgc mutants clearly show reduced
elongation of root epidermal cells and wavy and inflated root hairs. dgc—2

is also defective in response to gravity. Scale bars = 0.5 mm.
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Figure 9. The inflorescence and floral phenotypes of the dgc mutants.

(A) Inflorescence phenotypes, (B) Floral phenotypes. Scale bars = 5 mm.
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Folstgla Ao AT o gol Helel AR o] Pege)
eelE 9T Fe AL 2 AAE FA RAsL 444
5ol AT el drht AolE molmA sty A opyHst

dgc =Wl 8ke] HdolE AT dge—19 7% Q2610 viZo]7] wiitel

=
EN
Y
o)
rr

ol E & Q2610 Colz el A Holo| st
zfol 5 Hol= Zle ettt (Figure 10A). dge—29] 4% txwol ¥
OB E S Col® HWSR I dge—2 3t opde] nla] Ao Holrt &S
Aoz FAHTt (Figure 10B). AXEEAF7]S] G2 / M Al7]19] Ao A
A BEEE 5A4L A Qe CYCBLIp:GUS @ XEE  F2AA
(Doerner et al., 1996)E wWWE Sl dgc—17 dgc—2° w7l X4isted]

el oka-S wlwa] Hogth el Ay op8E CYCBI Ip:GUS (Colén-

Carmona et al., 1999)¥d ZFstA yeErSt. SHARE dge—19 A5
CYCBIIp:GUS Z@do]l opd&e] nla] zrasiglom ddWHe =3
S4HSY. dge—2%= oFPHT= kil AR dge—1° vl E =

i)

dS Htt (Figure 100). o]2lst A3 = dgc—13} dgc—29 2 439

A 7E AEED L FHaelA 7Ie Ads SJvgit.
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5-Q2610 Col -A-dgc-1 -Col &-dqc-2

Primary Root Length(mm)
Primary Root Length(mm)

WT dgc-1 dqgc-2

CYCB1,;1p:GUS

Figure 10. Growth and cell proliferation in dgc roots are suppressed.

(A) The root growth curve of Q2610 Col and dgc—1 seedlings, (B) The root
growth curve of Col and dgc—2. DAG = day after germination, Error bars
indicate standard deviation. (C) The expression of CYCBI,1p:GUS, a G2/M

phase marker is reduced in dgc mutants as compared with that in WT.
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ElUl= T-DNA A4 sdHo|7l &

AApel ofafir EAYE

B Ay opgd el Hey e obd =dwle] dAES yehde As
gl o hExTEE dge—17 ¥ o] F-AFeE TPST (tyrosylprotein—
sulfotransferase, At1g08030) A&t T-DNA7ZF AUH ipst &AW
SALK_009847 =A5 dgc—13} wwste] 42 F; FAF T3 1/2 MS 8 X] <
g § wjekste] BEE #ES A pse wAFo] e FH 9 A o

d Zls g8kt (Figure 11). ol=gh
A= dge—13 dge—29) E=QARol7t Z2 Akl e s Zlojw,
gxzro=z AAYA st =AW}t dge—12 HE FAAC 9E)

Sewol/l RS ¢ Ytk

= 1
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CHOSUN UNIVERSITY

dqc-1 dqc-2 dqc-1 x dgc-2 dqc-1 x tpst

Figure 11. The complementation test of dgc—1 with dgc—2.

Complementation test by genetic crosses show that dgc—1 and dgc—2 are

localized in the same locus whereas ¢pstis located in another locus.
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7. dgc E8¥Ho|9] T-DNA A 9% <l
TAIL-PCRZ 34 2684 & be]l T-DNAZF

O -
qAHE S8 2

flo

[e)
o
FEel 9&e FAR u Ak dgc TAW] £ Fu

oX

T Abel ofsf AR Zlo] T H AL At5g16280 2l Wl dgc—2% dgc—

0

o

39 T-DNA A9149)% Selats] 915kl T-DNAS o713t f:d74 Akl ]

¢

Fo& PCR AF 5ol A7IMLE L4830t (Figure 12). 1 A3} dge—2=
2ilA QIEEC  T-DNAZF 4d=Eglen  dge—32 10914 QJIEE

A=A
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dqc-2 dqc-3 dqc-1

Figure 12. A schematic diagram of the T—DNA insertion sites of the dgc

mutants.

T—DNA insertion sites of the dgc mutants within the coding region of

At5g16280 are indicated as reversed triangles.
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8. dgc EdWo| WA g Lo Bddd XY FHA

dgc—13% dgc—201" #&AEH= B A3l SA43 dlE olastazt
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12
]
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o\
il
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D)
Ho
2
B
iy
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222
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ol
o
tlo

T AATHAFANA Soldowm wdst= QC25 (Colén-Carmona et al.,
1999) = e Fde ARG Ay opAY S WFES dge—I1% dge—2 R
AAFTAFAA  QC259 el FHAHJAT  dge  =AWOlAM =
AATAFAMY I eyt ol = e ABAVE =R AoIdNH
(Figure 13). #AAFQIASl SHORT-ROOT(SHR) = a9 b (vascular
tissue) oA @A E o] WulFor wulzo] olEst SCARECROW(SCR) &
Walel  QCelA  EuEo]  whuizoe]  Fdsk  AlEFe]  wEA "
FFdn| A& o] &3t SHRp SHR—-GFP2} SCRp:GFP—SCRS] Wd-S &Hlst
A3 oY dge mAWololA EF GFP @A WS wEe

ARem Heo yaFd FHAF i

2ol 7k glolth (Figure 13). ol2fgh Axp= Heg Aol dcle] uvs

EY
i)
D?t{.‘,
ol
ol
rr
()
By
e}
i)
D?t{.‘,
o
o
Ko
3
ot
Ko
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Qc2s5

SHRp:SHR-GFP

SCRp:GFP-SCR

Figure 13. Various reporter gene expression patterns in the background of
WT and dgc mutants.

The expression patterns of QC25 in dgc mutants are compromised
whereas those of SHKp SHR—GFP and SCRp :GFP—SCRK in dqc mutants are

not apparently altered. Scale bars = 0.05 gm.
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MS g HiHel A wiet dgc—
FAo7 A 41 FolA AFAY FHow A= 5 FFA oA
TIYS AFFE 5 ok o]l#d TP dge—27F FA1 REgo| o]Afo]
Mg AATH. dge AWl vt By =FA olde AEsEl]
atol 90° Ax= WA e AAE IAste] wgFe vhs FHel g WhE&

Hl &tk 1 A3 dge—13 dge—3°1 Bl dgc—27F ol W& o

=

WsHA TS A @Y (Figure 14). #3549 Hln A&
U O 2 dge EWol7E SAle] thste] & © wZshA wgd Aolgh=
ool HS7] Wl Ao tidlA wESShE X2 RE|QI DR5O o)A

ZAEE DR5Sp:GFP (Philosoph-Hadas et al., 2005)8 DRb6rev:GEFP

filo

(Benkova et al, 2003) @d s AT 327 dvAdS &3t
DR5p:GFP2 & AL A7 of e vldl]l dge—29] %41 whgo] f o
dojrpr] 41 whgol Wb E=g ER ¢ WA deEde e EE 5
ARTH (Figure 15A). DRbrev:GFPS] @S #ae Ad o8P H dgce
=AdAWo] BT HAFHFAMFE columella initial?} FFZ3(columella
root cap) 7k EEo] YERUANE dge—12 oFF Pl Hlal H FHol FiL
dgc—2= ¥de] 2o] 1§ Ht} (Figure 15B). A¥AHSZ  dgc—I1<
BAATATE ooz Qlal FAl wkgo] uropx AxE Al FAE
ORZINZIN  dge—2= BATAF= Ao SAl REgo] opd el IS

7] wEel] eRbel FEAHE uehatia @ & Uk
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180° dqc-1
n=10

180° dgc-2 0°

n=10

Figure 14. DQC'is required for the root gravitropism.
Root gravitropism of WT and dgc seedlings at 5 DAG. Root angles were

measured at 16 h after 90° reorientation.
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Figure 15. The expression patterns of DRS5p.GFP—GUS and DR5rev:GFP in
WT and dgc mutants.

(A) Confocal microscopic images of DR5p:GFP—GUS expression pattern in
WT and dgc mutants. red color indicates the propidium iodide signal. (B)
DRbrev:GFP expression pattern in WT and dgc mutants. Scale bars = 20

2m.
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S BEEdT (Figure 16A). @A v e AAIE &<l s7] A8 lytic
vacuole marker?l Lysotracker red& dgc—2°] AH2lgt Fo gt 4}
PIN1—-GFPolA &21= e ¥4 (green) 2} Lysotracker red A2 % #z#
R (red)ol AAl= A& st (Figure 16B). ogldll= &3 J493

F4S A= AAQA  brefeldin ABFA)ES  AHgste] I3t A}
of A= AXE o] AAEEA FHE o] BFA bodyE d43sH7] wlEel
E AEE EAE

M E FHo] MELEA T dge—2= BFA bodyS o] F11 9
23E7F FEEo]l HE7F BFE = AEZF EAEIY (Figure 160). &
ZAe AasE E=FAW7] @A endocytic dyeQl FM4-647F A 2l#

PIN1-GFP dgc—2 }Qlel BFAZS Agsle] ##3st Ay PIN1-GFPO

A (green) @ BFA body (red)7} AXE A% &A1 AXA S= AC
ZAsEA T (Figure 16D). 2E2] ¥ AEZoA] endocytic BEE F4317]

1o
o
_Y:l
XS
=
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A& FM4—-64 MAE AHgE 3+ = A|7ke =R = A Zy
a2 vud A7 dge-2= FYFIE D drdt
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3k 90F ol A A7} tonoplaste] EE3E AES Flsktt (Figure

o~

17). ol 3t A= dge—2904 doju= endocytosisZF B A olgE= AL

ofm) gt
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Fig. 16.
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Figure 16. The subcellular localization of PIN1—GFP is compromised in dgc
mutants.

(A) PIN1-GFP in dgc mutants aggregated in the intracellular vesicular
structures in addition to the base of plasma membrane. (B) The intracellular
PIN1—-GFP compartments in dgc—2 were co—stained with Lysotracker red
(2 #M; 1h), alytic vacuole marker. Arrows indicate putative lytic vacuoles.
(C) The subcellular localization of FM4—64 (4 #M; 1 h) in root epidermal
cells treated with BFA (50 p¢M). In dgc—2, FM4—64 signal is observed
both in BFA bodies and vacuole—like structures. (D) The PIN1-GFP
aggregates observed in dgc—2 (green; arrow) are distinct from BFA body
(yellow; arrowhead). Scale bars (upper panels) = 5 gm, Scale bars

(middle and lower panels) = 10 gm.
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Figure 17. Confocal microscopic images displaying the subcellular localization
of endocytic marker FM4—-64 in WT and dgc—2.

Endocytosis of FM4—64 is abnormal in the dgc—2 as the formation of
endosome—like puncta is reduced and the dye reaches to tonoplast within

90 min in dgc—2. Scale bars = 10 gm.
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11. dgc Q0] A XU eA %7F dwz dgy A FA}

£

ke

PN
T8

AAA AHelelx E7sta 2¥7F HE7H FEEHTE
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A =% (early endosome, EE)o] & wwzel VTII2

2000) 9} H3xo] ¥ A izl VAMP711 (Sanderfoot et

Ao A= gHAE xpolE Btk VTIL29 A dge-—

1%

2ol A wgdd dxebyg v FQ1Edh. VAMP7119] B9 o E S

Aue] 4EAdE @ Feo T2E dEAAT dge-2e
3]

FEe] FxE wWa AUk TV dE<E(late
22 dwzRel RabF2a (Rutherford and Moore, 2002)

=l ofA @ el BlE| dge =AWl 7] Aol WElo]

Z713k AL 18ttt (Figure 18).
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Figure 18. The subcellular localization patterns of the markers for
endomembranes in WT and dgc mutants.

The root epidermal cells were observed with confocal microscope.
mCherry—NIP1;1, a marker for endoplasmic reticulum/plasma membrane;
mCherry—SYP32, a marker for Golgi apparatus; mCherry—VTI12, a marker
for trans—Golgi network/early endosome; mCherry—VAMP711, a marker
for vacuole; mCherry—RabF2a, a marker for late endosome /prevacuolar

complex. Scale bar = 10 gm.
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Figure 19. The phenotypes of seed coat mucilage and PSVs in WT and dgc
mutants.

(A—B) Observation of seed coat mucilage stained by 0.01% ruthenium red.
Scale bar = 0.1 mm (C) Autofluorescence of PSV is compromised in dgc

mutants. Scale bar = 10 gm
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