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ABSTRACT

Characterization of weak shoot defective mutants in the

background of poltergeist mutant in Arabidopsis

Young—Bin Yun
Advisor : Assistant Prof. Sang—Kee Song, Ph.D.
Department of Life Science,

Graduate School of Chosun University

Partial loss—of—function mutants could be useful to understand fine
functions of a gene of which a null mutation leads to severe defects such as
lethality and lack of organ development. poltergeist (pol) mutant provides a
proper sensitized background to screen for weak shoot defective mutants that
1s hardly found in the wild—type background. Here, filamentous gynoecium —1
(fig—1) pol—6 double mutant displaying slightly reduced floral meristem has
been screened from a mutant pool induced by the introduction of activation
tags in the po/—6 background. The T—DNA insertion site was localized in the
promoter region of a homeo—domain gene, SHOOTMERISTEMLESS (STM)

by using next generation sequencing analysis. fig—1 single mutant exhibited
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defects in floral organ abscission mainly due to the fusion of sepals. Two
additional weak alleles, each possessing a T—DNA insertion in the promoter,
stm—pl and stm—p3 also exhibited weak inflorescence defects together with
abscission defects. Furthermore, stm—pl po/—6 displayed filamentous
gynoecium phenotype. The reverse—transcription PCR analysis showed that
STM expression in fig—1, stm—pl and stm—p3 was reduced compared with
that in wild—type plants. Interestingly, the width of abscission zone (AZ) of
fig—1, stm—pl, and stm—pS3 was shorter than that of WT while the length of
the siliques. The expression pattern of floral abscission related genes such as
HAESApro.GUS, KNATZpro.GUS, KNAT6pro.GUS, and KNATI1pro:GUS in
the stm—pl was not changed as compared with that in WT suggesting that
STM is involved in the development of sepal boundary and the growth of AZ
rather than in the canonical pathway for the floral AZ development.

POLTERGEIST (POL) and POL-LIKE1 (PLLI) coding for related protein
phosphatase 2C (PP2C) are required for the establishment of shoot and root
meristems during embryogenesis. As strong po/ p/// double mutants are
seedling—lethal due to the lack of vasculature along the embryo axis, their
late vegetative and reproductive phenotypes could only be observed only
after grafting. To avoid any artificial effect possibly led by grafting, a weak
pll1 allele (p/l1—4) has been selected among the T—DNA insertion mutants
and a partial loss—of—function double mutant (po/—6 pll1—4) has been
prepared. About 10% of po/—6 pll1 —4 seedlings developed vasculature in the

hypocotyl and were able to exhibit post—embryonic phenotypes

Vi
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spontaneously. The above—ground organs of po/—6 plll—4 phenocopied
wuschel mutant displaying adventitious phyllotaxis and inflorescence and
defective flowers lacking any gynoecium together with reduced CLV3pro:GUS
expression. The phenotypes of po/—6 plll —4 clv2—1 and pol/—6 plll —4 clv3—
2 were similar to that of po/—6 pll1 —4 suggestive of the epistasis between
POL/PLL1 and CLVs. In addition, po/—6 plll—4 exhibited severely reduced
root meristem as shown by the reduced expression of root meristem markers
such as WOXbpro:GUS which was further confirmed with reporter expression
such as WOX5pro :GUS and SCRpro:GUS, Unexpectedly, the p//l—4 mutation
leading to the weak po/—6 plll —4 was identified as a point mutation in an
amino acid located in one of the conserved PP2C motifs instead of the T-—

DNA insertion localized in the promoter region of PLL 1.
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Ed4E 4713

ol 714t (Arabidopsis  thaliana (L) Heynh)+&=

A7}

BRrelA golshA MR 5 Glold e A

=]
T':

AAQATZA Fe BT, ey

qdste] Algd

A 572 833 9Yri(Somerville and Koornneef, 2002).

Hjj =2}

2 B

}\:.]_L
—
=

o] E
=4

of

=otAbEe] nHl

LR o7

AR EAA SR AAA UAe ohdst @AM A oAt
e} (accession) o] RS 4 glo] FHZQI WHolds ATshr]el A gst
AEolth. o= FAAY VALl fdEA wExl HEx
2l Eo|th(Kaul et al., 2000). oB717dd o] FAA= oF 2% 5,000709] FHAA=
T@ate 549 AR FAEN, FAA] WHEEE DNAZE vlwy
AA EgEl Ao FHAAEE  FskE Aol Rolste], EGALAS
Agrobacteriumg ©l&€sto] fA FAAET 5 Utk o= AE9

g oA Zgeke A, AEA WAYUSS Agske d ove S8
SR AREH flom, & AE FolA wdEE Axke} FAFSH ]
Himel AE Agtel @Wol &E¥a Stk FHZell= 100070 o]7de] AeE 9
g A7 do] g A xdG] FAAAE skl A 2%
Aol A&zl Adejolti(Consortium, 2016).

Collection @ chosun



TN A=Y %7 od IS AEEd, dEstet VI3, E3ks
Aolete U AR AFET s v B AN BRE 24
Z1dol AL dAEA FAEAT A= Afels d B AdE Ee
Zldo]l YAEA G i st 2o fAEo] wEoAH dA Fet
AMEE 718ES MEAl(de novo) FAdstth oleldt AES F—wjdg Al
71894 il F9 oF "de Xt At d x4 (apical meristem) 2
A4S FalA o]FolWth(Kaur et al., 2009). °]52 7H7} At dz2A 3
THEd Aol FE29 fiFEl st A& 7|#e] ddow A&t

AQEIZAE A4 SIFS AAT 48 A A BE 34

TR A xA S AR5 JA stk (Beeckman et al., 2002).

of 717t o]  wjtAle Hskxle]l AF IR A A X (apical cell) £

71 A A ¥E (basal cell) & FAslHA A2ttt AWM X (apical cell) &= &
A4 AH A e vl AAE FAdste v, 7 A M E (basal cell) &

ZH# o] +ES AA WY (suspensor) e FASHCE I A ALY FHAFEA A

32~64 AEZIS FRFuiAC] HIHE A 2EE FAHAM A=Y

e

+

k

1
s

A EE

gdst wje] ARz AdeEv o] M=y AL FA T4 (quiescent

center) 2 AlLAMIEZE &3 Unx AFxE ZHAES 7]do]
AAFHAFE= olFd FHE =H®  FVIAHAXEY  wBIE A

SR ZAS FASs F71AE Y (niche)d TR Q47 2E3T)
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3. CLAVATA A3AG H=E

1>

o] A ¢ AMEE VIde FAs] dddHe E2LdxHedA

Al

=]
of\

A3 #5 Atole] FF3 Jlwe] AHT 24 Abele] #@o] 2T-HTh

FHE FAN) QAL AE BA2H el AEG 54 BNALE

oft
o

A

FAEoF s, sAlY AlREE Yoy AAMERE F3E uw FExF
AACA AEY AT GAE AELSA Ao]dfoknt dth(Butenko and
Simon, 2015). of71&A ol AEEIAxZH FJHAdLe E3E FHse=

central zone® AlFdY Q4Q1 CLAVATA (CLV1) $} w33} MEe] 2418

il

=A3= rib zone? homeo—domaing X §3t= HARQIAel WUSCHEL

.

(WUS) ol elsll - € th(Stahl and Simon, 2005). CLV A& A9 4 24%
leucine rich repeat (LRR) 945 38} receptor—like kinase?! CLVI,
LRR 995 ZA 7t kinase 9 9o] ¢l+= receptor—like protein®! CLV2, <
LRR ¥9& 714l kinase?! CORYNE (CRN) % CLV1e] g ggt==4
A4S AXR 12709 ofmweatez  FAdE ZEfPEolEE A H =

CLV3Z TA¥+E=d), o83 CLVe

10
[
foi
rir

WUse BRI ARt

N

_4

FE8tal WUSS thA] CLV39 WeS £ $th(Yadav et al, 2011). o] %}
4.3

el 2o oA AAE A9 stem cell?] AL kg AOE [FAFHA
2l

S

#ol CLVE WUS Atole] EAleh= w444Q H4dd =

2
o
o,
m
o

t} (Mayer et al., 1998; Schoof et al., 2000).
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4. CLV-WUSAzZAGd HAS= POLTERGEIST
A=}

poltergeist (pol) Zoio|= clvl =l o] ¢ oA

Z ool (suppressor) & A oM (Yu et al, 2000), POLS A

s

QlAF3la A 2C (protein phosphatase 2C, PP20)E %433l6t= ZHo=w

f

159t (Lita et al., 2003). POLE myristoylation B2 24 who]] Adlsl=

=2

g dH A 31tk (Gagne and Clark, 2010). POLSl FAF A<

¢

POL—Like 1 (PLLD)S POL3} 7]s°] THHY Q°™ pol plll °lF
EAWolol A FAF Frhdo] PAEA olr FAE A TEFS

UERH, Heol7lE SRt o, &, dv To V] Tends #EY

5 (WoXx5) el wrdo] AAx o] syl Aol Aol dojhx] &=t} (Song and
Clark, 2005; Song et al, 2006). °¢]& &34 POL/PLL1> Ao %

curdzdel 443 A6 #EAow Bed FAFENE & & vt

5. A= &8 4

Ageld ofw gl wWolAt @AEL 9 (abscission) #i  #h
ges gIEAL, FAL, 50l gl 1w AA oM HEel)
FosAR, A% FAE "oELAY | ol /%S FHHA Rae

4

Collection @ chosun



A7t 713 gy E Qs E F23th(Bleecker and Patterson, 1997;
Sexton and Roberts, 1982). 7]#29 g7} dojys= A=
e2] ) (abscission zone, AZ)Zt1l FEt}(Gonzdlez—Carranza et al., 1998;

L omg 9 8

Sexton and Roberts, 1982; Taylor and Whitelaw, 2001). AZ+
Jal gt AFR WX F 2% 4]
2 wwgl) TAE AER ool B e AEE
=7t
XYLOGLUCAN — ENDOTRANSGLUCOSYLASE/HYDROLASE

o] eloji} Aol

= H

fuis

\(

Aol A2 qe A

.

z3

/

Al o]t} (Bleecker and

Patterson, 1997; Roberts et al., 2002). WA EE EXPANSIN

(EXP) =}

=3

1

a3 3

E

(XTH)

1YL 58

s T

St AZ AMEH
2009). 1 43 POLYGALACTURONASE
oalq Ao edsie] ¥oE

S3Eth(Cai and Lashbrook, 2008; Gonzélez—

Cosgrove, 1998; Ogawa et al.,
(PGQ) 9} 2

7 = o

HAel b
]

Carranza et al., 2007; Ogawa et al.,
L= E= A, B kY

FEaZF0] F7|E 71228 FAF I (Patterson, 2001).

B3l g ol of| A

ZZO

?—JL%EO] 5o

2009; Sexton and Roberts, 1982). X3t

71 2ko] e ede s A

FP

ey} KAl T T=2F £ wWislke ddde] ok g€l &/ds)
ey A7|E 243=d £ 23 (Osborne and Morgan, 1989; Taylor and

Q]

REY

Whitelaw, 2001). = olA|EAt(indoleacetic acid,

IAA) - ofzt el = =

el 7%

RELE S5

[AA

ml

A

Aol o] JFHAUrh(Basu et al, 2013). F22 =4

5
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oS A7 7] 59 BeE de AExTS Ytk A4 Adgow

UERS T (Kumpf et al., 2013).

£ 7R gy e £ AN fA" For oAAAE= Y
AZolA &l & W ks o I 7)ol o]gel= HAolth (Gawadi
and Avery Jr, 1950; Patterson, 2001; van Nocker, 2009). o} 7] oA %

71Be R o]3o Ey Ek(Patterson, 2001). 29 eg]uyo] Hodl=

et fAdel Olg AAe wEs] Fkstn gew, A% wde 713
Fo® 2EAA4RA LA W SR g uAHd HE TR it

Ld3kal 9tk (Butenko et al., 2009; Stahl and Simon, 2010).

7182l  BLADE-ON-PETIOLEI (BOPI)$t BOP2o|lA HEH
BTB/POZ k=del 4l Q7% wWhES zZh= 2709 NPR1 fAF Alzdg
il 2 (Hepworth et al., 2005; McKim et al., 2008)¢] BOPI % BOPZ2 715 9]

EAZ QM AZ AR AR TE YL Wese] 2 ne AZ ALY

T
[t
I

ZAA 7= Ao R vtk (Hepworth et al, 2005; McKim et al.,
2008).

INFLORESCENCE DEFICIENT IN ABSCISSION (IDA) FElo] == &g
Aol HIFdANA  dojrk= AlEHe] el st AA AlzEEel
Holetes Aoz dHA e, ol ida =AWoldA AZve A5AAE

AAAE 71 g RS o 3dde FdAM #edd b
6
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Aok (Butenko et al., 2003). [DAT AZ2] 7+2r Ao @ s 7)3e] daof
oA Az ] o] gke] yofsta glom, xT|o] #3tHE X V|He] 2y E K
713 Fe AR A AZ AExe] FfE Il Atk (Butenko et al.,, 2003;
Butenko et al., 2006; Stenvik et al., 2006). IDAS] 7] % g4l Td
bopl bop2ellA E8l5 Fx & 5 gl (McKim et al., 2008). k4 BOP1
2 BOP2el &) AlgsE= E3® AZ AXe EAE IDA FEhol=vh £
7189 g8 E FXA7]=d Aotk (McKim et al., 2008; Shi et al., 2011).

7] FA el $1x1% ADP-ribosylation factor GTPase &4 wdulizel
NEVERSHED (NEV) 737z IDAF 2815 24dshks 23 22 A oA

zZgsitka <A ok (Liljegren et al., 2009). NEVS] A 2 7]#9)

Eebdst gEls uEhda AZ AES DA olaA e FAduds
f-2k3tt} (Liljegren et al., 2009; Liu et al., 2013). FAA3A A AL nev
EdWolo] A AZoA WstE A FEet =AEY AAE YEd AL,
AERSEe] #oste Aor S FAAE nev EAWoloA stExA
H= Zlo] grs gtk (Liuet al,, 2013). wWebd NEVE o % e 248t
=A x4 AAS TS A T AxEstst 2] e s
FAHo ulE 9 xE A3 (Liljegren et al., 2009; Stefano et al., 2010).

NEVE IDAZF AZ#2E S5 5ok Aol oax das Sashs
ZRox RBolil NEVS IDA BF AZEe e £33 JAof F sttt (Butenko
et al., 2003; Butenko et al., 2006; Liljegren et al., 2009; Liu et al., 2013;
Stenvik et al., 2006).

BREVIPEDICELLUS (BP)/KNOTTED—-LIKE FROM ARABIDOPSIS

7
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THALIANAI (KNATI) <

KNOX ##z sidg]z24, 2 713 g oA

duidow pHEE AZAE se] oi AA# Ave zded Fo@

12
]
o

-] {
4
K9

wpxt7VA = KNATI

ko)l AlokE A tH(Shi et al., 2011; Wang et al.,, 2006). IDA 7159

7158 A 3= V18] gErh Aol SR oA

AZ AES] g 9 x7] MAEHE o]¢ko F o] XtH(Shi et al., 2011). F

Mol T2 KNAT §34x2 KNATZ2 2+ KNAT6EMukherjee et al., 2009;

Scofield and Murray, 2006)+= AX¥ A4 FHdA=

YA 2YE SAFE

ftlo

Ao

HAow oAAY, AHE KNATIA 93 4=

Ao 7 Aet¥ At (Ragni et al., 2008; Shi et al., 2011).

Z 7)) gye Agsts ZAow uEx W ugE fHdER 2

Amold AgaTh 2o g 9 AL ¥

2

g AzE ted shit

flo

Ak
il
Ho

Sehs b 2 dTE AE

IDA Az HdY HAZ=EH IDAS Leucine rich

repeat (LRR) EEXE 7Fd S84 FAF 7]volA|el HAESA (HAE) 9}

HAESA-LIKE 2 (HSL2) 4%

et al., 2008; Stenvik et
silique?] =gtholA EE
2003). HAES} HSL= %

WAL hae hsl2 °l=F

A7} &Ao] #=}h (Butenko et al., 2009; Cho
al., 2008). 714 IDA FHElol=7} Aoy
I 7)ol FAFHo {F-A¥EY (Butenko et al.,

A7) AZOA IDA Elo] =9} SASH HjEl O

i)
it

EdWol= Jda =AWolet wdE EHE

o

H.o]lF} (Butenko et al., 2003; Jinn et al., 2000).
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7 St (Butenko et al.,, 2003; Butenko et al.,, 2014; Matsubayashi, 2011;
Stenvik et al., 2006; Stenvik et al., 2008). €3] &4 ¥ Fefo|=E A7
AelM= DA ARl Qs kEs " 77/ ofmwAtew A
ZE el E7F AYst 272 F4 9 WY Eofof stk (Matsubayashi, 2011).
PIP 3 PIPPo= HAEE &&#ox @47 + ¢lon, =3 HAE
FE&Al AFst= DAY 4 Eve B FEAC EAVF dodA®
2t} (Butenko et al., 2014).

INFLORESCENCE DEFICIENT IN ABSCISSION-LIKE (IDL) 1-5
HAefol=E d3stels FdA= BEF A=Edrgsd Al 3 eolA
BAHg o BEE EPIP REZES F{et22 RLKso| d&sts Aadd

FAelol=g 223+ spsAo] Qi (Stenvik et al., 2008). IDL S-7A=}e

(22
l.:(u)_‘(,

S AZOAM wEE = DA SARSHAIRE, DL HES [DASE

&

Ao RE 713 gy & Ao Egst(Stenvik et al., 2008).

E HSL2+ Mitogen—Activated Protein Kinase4 (MKK4)$¢l MKK5
83 olE9 2719 Ao E a4z Mitogen—Activated Protein Kinase3
(MPK3) ¥ MPK6%& %3t M o4 Mitogen—Activated Protein Kinase
(MAPK) <14l AzH@Fd2sS T3 DA AzdES AHss Aow
A ZrE ok (Cho et al., 2008; Kim et al., 2011; Tena et al., 2001). A H o=

s o MKK4$ MKK57F idad ZISES 3)E2AZA S+ A3 mpks

Collection @ chosun



=AW= hae hsl2 183 MPK6 3348 FHdAel 34 €8 A%s
HojFol IDA-HAE-HSL2 F=zolx g <A1 =48R A4S
33ttt (Cho et al., 2008). MAPK <1f Aladg@Zd 22 &4sti= DA ¥
HAE HSL29 &tiold 7lssts 2oz w3z KNATIS AR =s
PR oR ¢ A3t o AZITH(Shi et al, 2011). 34 F32&
ATE KNATI10] KNAT29} KNAT6S /4% 43t= IDA FHEto] =9} HAE

HSL2 F&A9 el AEates g9

1o

54 zEARA 4BE

_

S ste}(Shi et al., 2011). knat2 knat69y bp—3 ida—_2 knat2 knat6 =AW o
2YAALE HYOHW, KNATES KNATZ22 ZAo7l ofgl& &=
siliques®] knatl EHH S 3|HAAH KNATISY f=~Ed KNAT29

KNAT69] 98tS A A 3tt}(Ragni et al., 2008; Shi et al., 2011). F3h

L

KNAT2 ¥ KNAT6S @ 58 knatl EAololx F7hsks wbd, jda
8l hae hsl2 =Rl = o] Wl HHeEe] 7P FH-8H(Shi et

al, 2011). ©]Z212 IDA¢} HAE HSL29 #&

10

a5 aHEA Cell wall

remodeling (CWR) S7dAe] FXo 93t 2z

1o

Y 2AARA g

KNAT2 % KNAT6Y 7H9& t A A 3t}h(Shi et al., 2011).

8. et AR AxH EdHolg AEY oA

CLV1/2E& A @9jzleln WUSE HARIAtZA e 9% slo=
oA vk wEbd CLVY Ass ga340® oz o]Fu A o)F4el
Sl WUSS olFS Aushs 1o ost & glrh olgjd 43s woh &

ola|aly] 9elH= CLVY &) 9xsk= ZAZ A5 FARS Ay
10
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dedel stk ofd wHe fEM olv] AdEdxAe 4o

RS QIAIRE T Fgo] golgt pol mAWC] WAl 35S & EAE

REE

ol

b A=A,

11
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II. Az 9 9y
Col=0 (Columbia—0), Ler—0
TERE FHY T—

SALK_090306

A8 Awd) BF=xA
FAH &
T-DNA”Z} A=

o717 i

1.

Aol A AL
o) &-3H 3L, pol—-69+ PLLI1S
owlo]  SAIL_60_GO9,

A& e

iy

2
(Landsberg erecta) =
s 7 Sl
_376F06, STM >~ ZRH
SALK_084696, SALK_081370, SALK_066173, SALK_102981
5 FelA

DNA

GABI_288A11, FLAG
1:1:1

4T

3=

Atlg73875°] A= SALK_120072%5 Arabidopsis
TAokTh el 7 E
SH-

i

]

=<Wo]
SALK_030041 1%
Biological Resource Center (ABRC)|A
wjoksl= A$- Osmocote 14—14-14 ©°F 1g/potZ
S:dgfo)E: 4 A &35 (Sunshine Mix #5, Sungro)©l| 353t 547
Astell stratification AlZ1 $ 22T vl WA FgFofx HIFstAALt.
FHAEHE N7EdE weketr] dsiAdeE FAE 0.7% NaOCl §des 39
Atd o SRTE 53] AlFHEte] gAaEE goldlg ARgste] 1/2
MSHlA] el FFte] 3UIF 4T ZF7Etel stratificationAlZ] & 22T A&
vl ol A BHAIA wEeh 5 dol 5 oF 9-10Y Fol =S WMYER
o] 23} .

12
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2. Genomic DNA &

off 71t o] oA F Y EAWolA e o QoA Genomic DNA prep Kkit
(SolGent) & AF&3F% 1L, genotyping= $13%F genomic DNA?] F= (Edwards
et al.,, 1991)2 oJd <& Z&A] 1.5 ml eppendorf tube®l extraction buffer
(200 mM Tris HCI pH 7.5, 250 mM NaCl, 25 mM EDTA pH 8.0, 0.5% SDS) &
Yil blue pestles ©]&sto] o] WAsHA] AT FHste] vortexing
AlAZE o5 4AEY (14,000 rpm)E 4C, 583F Al8Ysta, 150 pl19
supernatant®] isopropanol 150 pl& 43 AgoA 287 HF-A|FH T tHA
A48 (14,000 rpm) & “F-2ollA 2:3F Al83tal, supernatantd 17 gk &
70% ethanols Y1, H4E2(14,000 rpm)S A3k tE  Ethanols

=
HaEl =54 50 plZE elution 3] genomic

2
)
ol
&
—
1
Mz
o
oY
BN
g
ad

A9 HY-S (polymerase chain reaction, PCR)

w
ofN
gt
fols

oA HI ZAWHOIA A FEF3I genomic DNAE FFozr EHIE
primer (Macrogen)& ©]&3}%] Taq Plus polymerase, Premium—Pfu
polymerase (Nanohelix) & AFg3lod, 94TCeolA 3%, 94T 30%, 52TA

30%, 72CAA 18-S 253 Wssta 72CoA 587F vH&&kait).

13
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Table 1. PCR primers used in this study

Target gene primer Sequence
stm-plLP 5-TTGATGTGATGTCATGATGGG-3'
stm-pl stm-p1RP 5-CCTATTGACAAAAGCGAATCC-3'
stm-p2LP 5-ATGATTTGATGGGTTCCTTG-3'
stm-p2 stm-p2RP 5-TCTAACATTTGATTGCAATCAAAG-3'
stm-p3 stm-p3LP 5-TAAGCATGGGACACCTGTACC-3
stm-p3RP 5-CGCAGCGCAATTAAAAATAAC-3
stm-p4LP 5-TGCTAAAAGCCCACCAATATG-3'
stm-p4 stm-p4RP 5-GTTCCAGTTGAGGATCTTCCC-3'
stm-plLP 5-CCCAACCTAGCTGTCTTCAAC-3'
stm-p> stm-p1RP 5-TTTCGACGCTCCTATTGAAAC-3'

4. Thermal asymmetric interlaced PCR

TAIL-PCR (Liu et al, 1995) otgigl 22 WRjo=w FY3iqlrh
pSKIO15 vector (Weigel et al.,, 2000)2] left borderd ZTHe
setolm (AtLBI, AtLB2, AtLB3) & AH&-3F3ith 14} PCRelA = 93 CollA 1%,
95CeA 1&ZF Whg8k th, 94TellA 30%, 60TCelA 1%, 72TelA 2%
]

72C7HA 0.2C/sec® ZHo=z 3EZF whAIHT 28lal 94TColA 30%,

off

30%

i

5

o} &)

s g5kl 94CelA 30%, 60TeIAl 1, 25TelA

ot

60TCONA] 18, 72TCoA 2% 30%, 94TColA 30%, 60CAA 18, 72Co|A
28 30% WRESAIZF I, 94TColA 30%, 44TolA 18, 72TCoA 28 30%2
1538 A3Ystar, 72CoAA 587 WESSIth. 23 PCRelA+= 12 PCRY

productE 1/50 3|AA A AFL-3}e] 94°CoA 30%, 60CeNA 18, 72°ColA]
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2% 30%, 94TCelA 30x, 60TCelA 1%, 72TCelA 2830%5 HPsta,
94Tl A 30%, 44Tl 18, 72TCoA 2% 30%E 123] RaYstar, 72T olA
5%k ubs-akglth. 33k PCRe|M:= 22k PCR] product® 1/10 34 A1A

ARE-3to] 94Tl 30%, 44CellA 1%, 72TCelA 2% 30xF 203] 3 st

PCRE "85 E3] 533 DNAY AA+= purification kit (Nanohelix) &
o] g3t AAH AHEL Neogreen (NeoScience) = 10ml/0.5 pl ARE3}S,
1% TBE agarose gels Y=ol 7|95 X3sto], 1kb(+) DNA ladder

marker (Enzynomics) S AF&3Fo] 139t}

6. Ligation

Ligation®= ligase (Roche)$} CloneJET pcr cloning kit (Thermo)Z&

Agake] £ 10 w13 wEo] ALelA 1623 B 1S AW,

7. FAAS
Ligation® Zg}Avw|E=Z  Ecoli (Escherichia cold°] Y7+
B (Hanahan, 1985) 0]t} ksl DH5 e o] CaCl, S A #3le] —80TC deep

freezerol BR.#@3td 84 AlX (competent cell) 100 z1E ligation AHE

15
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5 ploll 7kt dollA 1023 vES A7l $ 42T F2FxoA] 42x3
heat shocks 7181l g0 2% F<F €olFE ¥, LB AAWMAE 500 pl=
Y 37C HieF7Iel A" wikrlelA ZzF 3028 & 1AIZES el

A3 vectorol wWEl ampicillin =+ kanamycin®] -5-F LB LA X o

wastol 37°C WIglelA 16417HS weksalth,

8. Y PCR
FEAAG 5 FAA AN A" FRYUE FEOR AMgsta dld
A2k Zepolw & o] st F2Y PCRE AAsHY] insert DNAZF At =

Mol © 22UE AUtk

9. Plasmid DNA prep

14 ml round—bottom tube (Falcon)e°l &#|7} So17F LB A ul) A

il

3
ml AEE F2YE HFs 37C AT wiglolM 16A13He wike st

Plasmid extraction mini kit (Pavorgen) & ©]&3lo] ZTtA~v|=5 A A 5% o

10. GUS 2d9] 343 4
GUS oA A2k (100 mM Na2P04 pH 7.0, 5 mM potassium ferricyanide,

5 mM potassium ferrocyanide, 10 mM EDTA, 0.1% Triton X—100)°] 1 mM

X—=Gluc (5—=bromo—4—chloro—3—indolyl— 8 —D—glucurionide cyclo hexeyl

16
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ammonium salt) & F21%&, 23 34 28ToA 16413 HHSAH T HE-S-0]
By o2 15%, 30%, 50%, 70%, 90% ethanols AF&3ste] =245 A A
A A Hv] A (Leica, MZ10F) %+ Fstau] A (Zeiss, Axioskop) &2 GUS 44

S B

11. Reverse Transcription PCR

A&=8& RNeasy kit (Qiagen)& ©ol&3dto] AxARS] Ao uwkeh
oyt Edwo]l FAECA total RNAE FE33Th. FEF3 RNA:
Biophotometer (Eppendorf) & AFE3ste] A=Fslar, =¥ 1pg®l RNAE
DNasel (Invitrogen)= #@3}%] genomic DNAZE E&ct. Wk
oA 15%5e s o EDTA €95 H7F $ 65T heating
blockell 1087+ A glste] WESS EWTh cDNA 342 Accuscript cDNA$HS
kit (Agilen)E ©]&3to] AZALS] AP whal 42T 1A1ZHE3E
joFsto]l 10 strand cDNAE A X3t o5 Fo =z AMgsta, FHxA
Sol#Ql  Ezfolw]  FFE o]gste] 94TelA  3EEE WA v

94CoA] 18, 52TCoA 18, 72CA 1S 303 wHSA AT}

17
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1. 43

1. 35S enhancer A XEXRE o|&3t po/—6 WAANAN fig—1
=AY A

WG pol-6 =QAWol= RIFFOEE oY AL Aolrt

glonw FAE e A = ok (Fig. 1A,B). @41 wusoly pli19]

xd3dol po/—6 AN +=AH L

EAol o] e pSKIO15 #WEIS] 35S enhancer &4 ¥AE FAHINS
Eotol st v T, FAE FERS 1AFoR °F 500719
BASTA A& T, A== AdEsielth o598 s Aldiel T, A&°
AP S A BAoAA Tk ARG % (flamentous gynoecium) &
RAHRow  FAI=  fig-1 EAWolE: AdWslohFig. 10).  fig—I
=AWolE pol—6 WA EEste] (Fig. 1D) @Y =<dWole] ndIS

B Az 2 7o) gelo] Aol el AS $RAATHFig. 1E).

18
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Figure 1. Inflorescence phenotype of fig—1 pol/—6 and fig—1.

(A) Wild type (WT), (B) pol—6, (C) fig—1 pol—6, (D) F; progeny of fig—1

crossed to WT (B) fig—1. Scale bars=10 mm.

19
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2. fig—1 SdWo)e] T-DNA AU &

ofAE wiAQ Lerdt wHiEIA S A Fo, Athelld <F 1/169 ®WIE=Z fig
EZodlo] o] FAFUY. o]#I AFNELS fig EHHL pol EAWHO]
W7o gJEHoly fig—12 polt 5HACRE WHElE-E on| st} pSKION159]

LB AYe 3FF 2ZgholHEE AMEste] TAIL-PCRES S A,
shUe] T—-DNAZF Atlg73875 FxAbe] AlE Aoz Fdxin). wehbA

g Fdzkel T-DNAZF A" SALK_120072% F&ate] AT

mof  olgst EAE dstr] fste]  wiaEAlY o F st ZRAY
A4 (next generation sequencing; NGS) #4412 Ald1&ldt}. fig—1°9 A=

DNA=Z shotgun libraryE #A|Z3%t ths, pSKIO152] LB A]¥e AR ZF

o

Zglolw S FEsle] F 4.7 gigabyted HolEHE A4S t}, mapping
A4S skl oAl WH AUV Ge] FEH SR AX|Ei= orphan
read5< SH3GT 2 Ay F HYolA Foulsk A9 K9 o LS

(3]
i

ftlo

T AdAY. Sy 1 A 27,781,891~27,782,966 A

JR

o=
719 T-DNA AdASd Atlg73875% Tel%tal, ©& 3sives 1W

A ] 23,065,811~23,066,886 A9 S % homeo—domain HAFCIAE
20
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S8t SHOOTMERISTEMLESS (STM, Atlg62360) 2] ZZHE

A el g ATt

21
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5F 2

Asld

T-DNAZ}
Lol el SALK_ 084696, SALK_ 081370, SALK_066173, SALK_102981

A e

ZHH

3L

STM (At1g62360) 2]

3. T-DNA A4 W] AA

O T 2N < w o W RN T OEK A
w3 ST A RO R w2 R g
R N~ S N R — O & % b
o S . - Joo ook ) _ "o
5 B o oy I e S
F 2 LB T oM g 4 %o TR
w RAH &R ERIT R T o P
R S-S o T % o B
w E . o= L 8 £ ® 3oy " @
o5 P oo & 7 G B R E
— -~ ) - ~ ~
A T wﬂ 2 w
. I N S vz
oug g ol SRR S N %) 5 0w X7
L - ® i
A S I
5 o 7 T Z B 2 Mz - x N
5§ § o How o B (A
I I - B N =~ w
— T o ° ™ S XN & ks ,@
3 N oo o £ o9 ™
N jo Bo —
R N <R - BT . T
uﬁ oo N M_ TN W - kX
K= w N o _
- = W A =T K o 0!
w ° BB omF ko ok ow o o Z
= ! S % o = P
b mw % aE ma o M ” ww o g W
AR B - T
m o N o] T 9 P M;| = 8 g
T o A B W W o U w N 38
3 g e B i 4 o7 5%
H X o = ™ ) g0 X°
& X Y — BoOR
& U = - M oy DA o
O_ s M_:wul oﬂ o ol w.“_ i b Mﬁ W o on B
I R ) % M T B o o
2 ¥ § 8§ X P FE R YOV R FE RO
> BT IR~ S > S~ o~ R~ SR | R~ G R = e S| S~
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stm-p5 fig-1 stm-pd stm-p3 stm-p2 stm-p1
4954 4628 4601 2225 -1460 -468
STM
O
RB-box K-box
—211/20 4 1987 1907 395 5gy pug 220
Core Core
RB-box K-box

Figure 2. A diagram of T—DNA insertion sites of fig—1 and stm—p mutants.
Each number indicates the relative position from the initiation codon of S7M.

RB—-box and the K—box (Aguilar—Marthez et al., 2015) are indicated as

boxes below the horizontal line.

Collection @ chosun
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Figure 3. Inflorescence phenotypes of the mutants possessing T—DNA
insertions around S7M promoter.
(A) WT, B) stm—pl, (C) stm—p2 (D) stm—p3, ([EB) stm—p4, F) stm—pb.

Scale bars = 10 mm.

24
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Figure 4. RT—PCR analysis of S7M expression in fig—1 and stm—p mutants.
Total RNA extracted from the 5—d—old seedlings was used for 30—cycle

reactions. £F7 was used a control.
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&}oq

[e)
stm—p3

H]

o A% A% F
=i
=~

oF 3 ol

[¢]

oF73

7ol 2t

sttt op ol stm—pl

aFlth(Fig. 5).

S
S

=
=
=

Pz

s

=

=
TE2

=
=

2 23

prs
SH A 9] silique

g &
stm—pl8t stm—pS3

=

<

T

151
gltel ofE| Apol 7k l=A

8 A9 siliqueo]A WA=

4.
7l sk

1=3
=

%2

Al

il

)

X

H =

0

ol A

K

to] (Fig.

<)

of el H

Fuhe] sato s Adw o]

°

A& (scar)

AT (Fig. 5H,ID). whebd ZiRbio] Fe|w#] ¢far

s

stm—pl3® stm—p3lA

g 8l e 23k

5G).

ol

_ZE

o
ofpy

)

=

=

Hit Zol
A7 JANE(Fig. 6A),

7} silique?]

AZ =%

9

Ao® Bt (Fig. 6B).
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Figure 5. Phenotype of abscission zones of stm—pl and stm—p3.

Silique images at the position 8 from the flower at the anthesis. (A, D, G)
WT. B,E,H) stm—pl. (C,F, 1) stm—p3. Corollas were removed to observe
the abscission zones (E, F, H, I). Scale bars of = 1 mm (A—C); 0.1 mm (D—

F); 0.1 mm (G-I). Arrowheads indicates sepal abscission zone (AZ).
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>

450 A

a0 { 1 1
350 - 1 -

250 A
200 A
150 A
100 A
50 4

AZ width (um)

14 o

124 |4 T 1

10 A

h o
1 1

Silique length (mm) 00

=]

Col stm-p1 stm-p2 stm-p3 stm-p4 stm-pd

Figure 6. AZ and silique length of various s#m—p mutants.
Average AZ width (A) silique length (B) of at least 8 siliques of various

stm—p mutants at the position 8. Error bars indicate standard deviation
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5. 28t Ao A= BXH FHA TH i &9l

stm—plolX % 71#e 287t AaEs ddE olastaA E 71#e
2o gAo] #osle Aow AN HAE, KNATI1, KNAT29 KNATG62)
Tz REo] e LAEE= widd (GUS) HFEE A9 2d NS stm—
pl EdWHo|af oA ZAFSFTH(Cho et al., 2008; Jinn et al., 2000; Ori et al.,
2000; Ragni et al., 2008). 1 A3 gg& FHs= Aoz d4yA
HAEpro:GUS (Fig. 7), KNATZpro:GUS (Fig. 8) % KNAT6pro:GUS (Fig.
9 gEtelAe wdS kY wiABI stm—pl EAWo] wAstAA
ztol g YERA ska, EEls oAlste ZleR 4R KNATIp:GUS?)
Wy ek obd w7 (Fig. 10A) 3 stm—pl o] vl (Fig. 10B)ollA

Aol 7k LrepA] ekok

29
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WT

stm-p1

Figure 7. HAE expression around the floral abscission zone of stm—pl.
HAEpro:GUS expression in the flower and siliques of WT (A) and stm—pl

(B)
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WT

v v

Figure 8. KNATZ expression around the floral abscission zone of stm—pl.

KNATZpro:GUS expression in the flower and siliques of WT (A) and stm—

pl (B)
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WT

B

3

Figure 9. KNAT6 expression around the floral abscission zone of stm—pl1.
KNAT6pro:GUS expression in the flower and siliques of WT (A) and stm—

pl (B)
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*ﬁ% 2MUi%iul

CHOSUN UNIVERSITY

Figure 10. KNATI expression around the floral abscission zone of stm—pl1.

KNATI1pro:GUS expression in the flower and siliques of WT (A) and stm—

pl (B)
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6. °F3t pol} pill =AWl HFAAL] wAte] &t H| -F4E&E
XA pol pll] ©l% EdWole] A

719 At pol—6 plll—1 °l% =AWl HAS FFH9o HAopdt Fa=z

1o

A FA= AAME YEhZ] wZel HeolVlE TEAM A= olF

]

EAPS BT 5 ool glolth oled WS 8] skl AR ok

[‘

o] EdAWols AW 7] Yl PLLIS TERE FHo| T-DNA 4H3le
A e =dWelEE &&3to] (Fig. 11), po/—69 m¥jsto] A2 o]F
Aol 23S B3t o5 FollA po/—6 plll—1 (Fig. 12A) 3 pol—6
plll1 =3 (Fig. 12B)& F4% XA wddo] Jelwka, oF 10%9 pol—6
plll —4= ¥FwAQ 7)edd Edwel mIEFS A oA FTF9
Arpts PAFoEM A or BYgE AHT £ UAJI(Fig. 120),

lldagelM= S0l EEes Ze Fdshliv@ig. 12D). +4 =9

pol=6 plll =4 VM= FARE et A= As & 5 A0t (Fig. 13)
SeEdxA e YxE  §¥1A SCARECROWpro:GUS  (Fig. 14A.B),
JAF4 - (quiescent center, QC) S B X¥ FHA WOX5pro.GUS (Fig.
AA CLV3pro:GUS (Fig. 14E,F) 2] &

‘lQr‘
FE pol=6 plil—4 olF =AWl zAgE A3t ofdF iAol waA
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POL

pol-8 pol-6 pol-7
{ E L
pli1-3
PLL1 it
plif-2 pli1-1

¥ ¢

—oHH)————

Figure 11. A diagram of the T—DNA insertion alleles for POL and PLL].
T—DNA insertion mutant alleles used for the screening of weak non—

seedling—lethal po/ pl/1
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Figure 12. Phenotypes of weak po/—6 plil —4.
(A) pol—6pill—1. (B) pol—6 plll—35. (C,D) pol/—6 plll—A4.

5—d—old (A—C) and 11-d—old (D) seedling were grown vertically

36

Collection @ chosun



25 r

15

Average root length (mm)

o WT

- pol-6 pll1-1

-~ pol-6 pll1-4 weak
- pol-6 pll1-4 strong

(dag)

Figure 13. Average root length of po!/ p//l1 double mutants.

pol—6 plll —4 weak and strong indicate non—seedling—lethal and seedling—

lethal, respectively. At least 10 seedlings were measured for each mean.

Error bars indicate standard deviation.
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C+d @9

Figure 14. The compromised expression patterns of SCR, WOX5, and CLV?3
in pol—6 pll1 —4 seedlings.

SCRpro:GUS (A-B), WOXbpro:GUS (C-D), CLV3pro:GUS (E-F)
expression was observed in WT (A, C, E) and po/—6 plll—4 (B, D, F)

seedling at 4 days after germination.
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P
ojy

[¢]

wus® EX&

T
| Y

— W G ANA pol—6 plll —4

7. %

A3}, pol—6 plll—42

pol—6 plll—42]

< o83 (Fig. 15A-C) % &g
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Figure 15. Phyllotaxis and inflorescence phenotypes of pol/—6 plll —4, clv2—

1 pol—6 plll —4, and clv3—2 pol—6 pll]l —4.

(A-F) Phyllotaxis of Ler (A), civ2—1 (B), clv3—2 (C), pol—6 plll1 —4 in Ler
background (D), c/v2—1 pol—6 plll—4 (B), clv3—2 pol—6 pill —4 (F). Scale
bars = 0.5 mm. (G=I) Inflorescence of po/—6 pll1—4in Lerbackground (GQ),

clv2—1 pol—6. Scale bars = 1lcm
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Figure 16. Floral phenotypes of po/—6 pll1 —4, clv3—2 pol—6 pll1 —4, and ag—

1 pol—6 plll1 —4.
Representative flower images of Ler (A), c/iv3—2 B), ag—1 (C), pol—6
plll1—4 (D), clv3—2 pol—6 plill1—4 (B), and ag—1 pol—6 plll1—4 (F). Scale

bars = 0.5 mm.
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Table 2. Mean number of floral organs in po/—6 pll1—4 and WT

sepals petals stamens carpels
Genotype
Col 4.0 + 0.0 4.0+ 0.0 6.0 £ 0.0 2.0+0.0
pol-6 pli1-4 ER 3.8+05 3.8+05 40+1.0 0.0 £ 0.0
Ler 4.0 £ 0.0 4.0 £ 0.0 5903 20x0.0
pol-6 pli1-4 Ler 3.8 06 3.9+0.5 2908 0.0 £ 0.0
clv3-2 55038 47 £ 0.6 89109 6.8 £ 0.8
pol-6 pli1-4 civ3-2 3.9 + 0.4 3.6 £0.8 3.7+1.0 0.0 £ 0.0

Values indicate the mean * standard deviation. At least 20 flowers were

counted for each mean.
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