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Mechanistic Characterization of a Transcription Factor bZIP16 in

Regulating Arabidopsis Flowering Pathways

Abstract

bZIP transcription factors exist in all eukaryotes. In plants, they are master
regulators of many central developmental and physiological processes. In 2012. bZIP16
was reported to promote seed germination and hypocotyl elongation during the early
seedling development by repressing RGL2 and PIL5. Interestingly, a previous study has
indicated that RGA and RGL2 both negatively regulate the floral transition. It inspired
us to pursue whether bZIP16 also functions in Arabidopsis flowering time control. By
counting the rosette leaf numbers at bolting, we found that bzip16 mutants showed
late-flowering phenotypes under long-day and short-day conditions in Arabidopsis. To
clarify how the floral transition is regulated by bZIP16, we performed a transcriptomic
study and qRT-PCR to analyze the expressions of genes regulating flowering time in
both wild-type and bzipl6 mutant. Those results revealed that bZIP16 does not affect
the expressions of genes in photoperiodic, gibberellin, autonomous and vernalization
pathway. In contrast, bZIP16 significantly represses the expression of FLC and
promotes the expressions of SOC1 and FT. Our chromatin-immunoprecipitation assay
indicated that bZIP16 directly binds to the FLC promoter harboring G-box motif. The
expression repression of FLC by bZIP16 will de-repress the expressions of SOC1 and
FT to promote flowering. Our studies demonstrated that bZIP16 not only promotes seed
germination and hypocotyl elongation in early seedling development but also plays a
positive role in floral induction. Our research also revealed bZIP16 as a new floral

regulator in controlling flowering time.
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DELLA 3-¢ % ¢ % GA-INSENSITIVE(GAI) - REPRESSOR OF GA1-3( RGA) -
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RGL1 4 RGL2 %223 4348 4 e & (Tyler et al., 2004)
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*Real- Time PCR

[Friion s hx R EHRIEHE]

Pl ibn A

Landsberg erecta (Ler.2s # 7))

bzipl6-2 % %tk GT9934 (FI'% bZIP16 A FREA)
bzip16-2/ bZIP16 #2-8-1 (F 4 w48 % % 4])

Ler/35S- bZIP16-GFP#6-4 (=~ & # I bZIP16 A F1 % % 7))
Bl

1. 70% iFp

2. faF AR (25% bleach ; 0.025% SDS )



3. 1/2MS 3 % #(0.5X Murashige and Skoog, 3% i # (" £ # 4 +* )= 0.8%

57 (£ R A )

[red iR 95 4 A4tk 3 2% bZIP16 -

P

iR A YR b AT R E My

1 36 FEB

Working conc.
100mM Tris-HCL, pH7.8

4M Urea
5% SDS
15% glycerol

2. F-v pEirElA

Working conc.

2ng/ml aprotinin

3ng/ml leupetin

1ng/ml pepstain

2mM PMSF

Protease inhibitor cocktail

Stock
1M pH8.0
MW60.6
10%
100%

Stock
1mg/ml
1.5mg/ml
1mg/ml
100mM
50x

T2 %P ]

md'\i

\?‘::\3:“1%:‘0

For 1ml
0.1ml
0.24q
0.5ml
0.15ml

For 1ml
2ul
2ul
Tl

20ul
20ul

SDS-PAGE 1% A % 5 | Bio-Rad protein assay kit , PVDF membrane, ® f%

(methanol), sample dye, B-ME, Bio-Rad, Mini trans-blot electrophoretic transfer

cell, blocking reagent ( 5% 4», 0.1% Tween 20, 1XPBS * % ), washing buffer

(0.05% tween 20 in 1XPBS),acrylamide gel, coomassie blue, Tris-HCI(pH6.8 &

8.8) ~ — &34 ( bZIP16 antibody) ~ = ‘47 4g (anti-rabbit,HRP) ~ & % ~ 3mm A

L
3



[P o777 4 4140 & % % AR RNA 2 53]

1. Pine tree extraction buffer( 2% CTAB 2% PVP - 0.5g/l Spermidine - 2M NaCl -

25mM EDTA, pH8.0 » 100mM Tris-HCI, pH8.0 » 2 % B-mercaptoethanol )
2. 10M LiCl
3. Chloroform:isoamylalcohol (24:1)
4. 10mM Tris-HCI > pH8.0
5. DEPC-dH20 ( Diethylpyrocarbonate-H20 )
[Pl imh ™4 A{fcR F/Etk CDNA 2. & = ]
ot

1. DNase-treated RNA (8 ul, 2ug RNA (250pug/ul ) > 0.6ul, RNase-free H,0 »
2.4ul ,5x Superscript buffer (15mM MgCly) » 1ul ,RQ1 RNase-free DNase
(1U/ul, Promega) » Reverse transcription »~ &2 & ;% (0.9ul, RNase-free
H20 » 1.6ul ,5x Superscript buffer > 2ul 0.1 M DTT » 1ul ,10 mM dNTP > 1pl

RNasin(40U/ul)(final 2U, Promega) > 0.5ul SuperScript II (Invitrogen)

MEFE BT o ARFTHR CUHIARE RBRPE -ERZL
A4 ~PCR & E 4+ ~ TREACEMIET ~ T ~ k- 20cc.yps g ~ i3
Bh RFER BRI R MBS BRI ER
®h - 80 R k¥ - 20 R k4888 B~ € R & F ~Running buffer

vortex ~ 3P B E ~ 3t A (2 226 )~ #Id % - transfer buffer ~ @& &4 ~ 57

&

Nt

FHAIF A F SR E w5~ B R&|(developer) ~ = 82 (fixer)
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(- ) #£31 bZIP16 3ov FAafrd o F B 4 A thd L o2 2 0E

Foe linfian®id a2 3 F e SP 4k

2% 1-1
= ik
1) PB~fe i ia’y ¥ 4 $& Landsberg erecta &+ ¥) 100 ¢ %+ 1.5 ml #c & &

P2 Imi70% e LA AR o bk B R R £ 48

B

2) MFFKFEES 35 TR
3) WACH S TIHEAIX B BT EP RAChLB/Bh 29),22CTH %
d oo
4) FRPHTBETES A BELE e [ EAYBRR T TR
A3z
5) »iRfiF ¢ o0 B ~-80°C sk iRTE e
F o 1-2
alE
1) B~ iah ¥ 4 4k Landsberg erecta f& + v R % f8 bzipl6-2 £ 150 4§ >
B 15ml peR g F 9 o #0 Iml70% Fp e 1Al
2) efhF Mk (25% bleach ; 0.025% SDS) if 4 T A 48 o 11 iF Frk itk
fa+ 3-5=% » ¥ A 1/2 MS medium + oo
3) W ATL S 2@ IFLI3E(4 T 505 A® S 2% 5054 1 22°C

LEPpPRBEAH S0MALI22C2PREAHY -
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™
pxat
=
i
*
F:\:
Kt
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HARACH L2 X FF 8 22CrpH- X%y
WA RACH S = A fEF 8 22°C2rpme X 2y
HARACH L= X FF 8 2CrpR- X%y
TARACH 5= X315 22C2p Re X %y

5) #H A rpiiF? 0 B r-80°CkigiETs o

1) #39 FEPRES100°CH £ 4= 4418 > 2o » Fod pedr il o
2) A mer S0ul 4} Ees FEPOR D L EMEA TR EHG -
3) 4c#FE AT 100°C 5 44 e

4) 11,3000 rpm s 5 A4 o

5) 3 el it R Ry FEBOR o BN R R E
6) 12 Bio-Rad protein assay kit /| ¥ 39 kR -

B3 S L ELE:

P2 3L 30 UK

1) #e 5P a B3 AT b ledaia oo
2) A wlber Sul H & AEe 2uB-ME T 100pl 3¢ FEBHE A o

3) EOSCy AT F 904,07 1,2000 rpm e 544818 0 B[ 4



F % 3-2: SDS-R 5 o fi VR T A

1)
2)

3)

## 10%-12% SDS-PAGE -
#- 5-10pg F-v FiL o~ TAH AR o e TAEE P o
ez 70V R 30 44 EF -8 FRE 0 & 100V R 15 i H

2

45 3-3 #iF

1)

2)

3)

12 100% methanol (* f%) A} #ciE =% i+ PVDF membrane-z& 4 the gel
sandwich ( by Bio-Rad, Mini trans-blot electrophoretic transfer cell) #-
transfer &4 T » k=2 b - ¥ 7a % ~ - 5 3mm g X ~ % ~ PVDF
membrane ~ — 38 3mm A5 s - PR A B B T dde ko R
= IEE S

2z~ transfer 2% 12 100V /&R 1| pFrigiigid » T o

BB 3-4: rE o B

1)
2)

3)

4)

5)

6)

7)

#-# % % chmembrane iE¢ &7 fEfook P oo

&% blocking reagent ( 5%+ 43, 0.1%Tween 20, 1XPBS) -

#- membrane *x » 10ml blocking reagent ¥ - # %8 T # % blocking 1
/] FF o (60rpm)

se r = B Ffg 10ml(bzipl6 antibody, 1:1000) ¢s #-4 # % 1 -] ¥ (60rpm)
i * washing buffer (0.05% Tween 20 in 1X PBS) i* ;£ membrane > 12
60rpm #%- % 5 448 5 =x -

40 10ml = &3ty (anti-rabbit HRP, 1:5000) &z 8 T#H &k % 1)
B o

i¢ * washing buffer (0.05% Tween 20 in 1X PBS):* ;= membrane > 14

60rpm # 5% 5 #4585 =t -

10



8) #-substrate 4r » membrane i - 2k » B i F RS o

9) FfI* substrate #-z_ Bg8. - BB 5% 5 BT E A AL 500ud Ao bR
B:500ul » #F & %5+ ¢ > #=/R membrane & H % > iE AEH P 0 B e
O AR ERY £P o

10) gk X P 2gs? BRY S RFPIOHFNI04487 & > 2 X
kB o

11) B P = =x{8B2 0185 ¢ grmembrane » * coomassie blue #-t %4 ¢ &
% membrane - B oo

(=) bZIP16 % %k % 4] erpL sz

F o PRETA Afol R LS

1) AwuBfefiay®s Al Ler 83 -~ bZIP16 A %1% %) (bzipl6-2) ~ 3
it 4E R %73 (bzipl6-2/bZIP16) 2 < £ % 3 bZIP16 # F1 % %7
(bZIP160x) % 60 #ffE+ %> 15ml #EHcF @ - £ 1ml70 %
FWE e LA RIS 0 bk BRI AR AT

2) R gﬁ'fj;;aﬁ‘—;;tﬁ; 3-5 =t > ?’P;}%ﬁ_%?i e oo

3) WACTHEAI X AP EHIE DRG] PFLR/G | FEE)
frrep R (8] FLR/6 ) HELH) RifY  BBLPREBER

Bep 24 LA

(2) &84 iR BB LB IEA Fofde )

‘?5@’ 1 Fﬁ‘ilfﬁfri’ﬂ?iﬂ']’fr;{%ﬁﬂv]%é,fii 4

11



1) B-frf i) TF 4 & Ler £ fo bZIP16 # %1% % 3 (bzipl6-2)f&+ & 360
JEEXLOmI e g e g ? o F o Iml70% JFpE e 1 A4 e

2) MR RFkgeefF 35 0 LA LY o

3) WACHETHEAIXE HBr1Eep R B | PFLER/6 | FLE),
22T A7 18315 > @ ZT12 | BBk

P 2 20 P R 7 4 Ao bzipl6 ® % 3421k RNA 2 575~

( For Affymetrix GeneChip)

pES
1) iRl ? ANEELDE Y SR ORI et R B A

fn
3%
X

U\

2) 4~ invitrogen Plant total RNA purification kit (500 ul) | 7] #= iF i® & 3=
ERp

3) = 4°CT > 213,000 rpm e 4 4 4s o

4) B~ 2 Bk 0 &4~ 200ul 2 SMNaCl > iR £355 -

5) 4c» 500ul 2. Chloroform:isoamylalcohol (24:1) 2 &£353 -

6) = 4°CT > 12 13,000 rpm s 10 4 48 o

7) P~ K 2 7Bk o 4~ 900ul 2 isopropanol R £323 > % 10 A 4 o
FH UK o

8) *+4°CT » 2 13,000 rpm #re 10 A 4 o

9) 12 70% EtOH i# £ RNA > 73T & I H B Faipr2 @ o

10) *+ 4°CT > 12 13,000 rppm &t 10 A 48 -

11) B 52 RNA &, £ 12 40 L of DEPC-dH20 w i3 RNA -

12) sk kgl 2~ RNAER o

12



(z) » 47 RGA, RGL2, CO, GI, FT, LFY,FLC, SOC1 A Fl e a7 ¥ 4 A|{c 2 R

%3

9 5% 1

2)

3)

4)

3)

4)

5)

Y B iami g

Pfiay 4 AR £ A 2

Befe 6% 05 4 4k Ler 63 4 bZIP16 £ F1% %3] (bzip16-2) ~ 3 # v 42
5% %) (bzip16-2/bZIP16)fr + £ % 7. bZIP16 £ 1% % 7 (bZIP160X) F&

G £ 2703F 5 15ml e B aps # ¢ £ 00 1mIT0% iFphiie 1A

é;%_o
S Bk iR 35k 0 A dRfET 2 Y o
WACH S THRALI AL o BIEP R (B ] PFLR/L6 | PR R), 22

T %47 18 % 5 -

MBI PR AT B L PR R8T 10th N R ¢ o
i IRz PR - %o 2B AT (R F 121 ) B ~-80°C
A e

PRep R T A Ao R AN RNA 2 55

12 B5°C -kiz e pine tree extraction buffer (5ml/gtissue) 20 4 4& -

B RN SR YRS FNCEEES T T S

Tomwlp gt 2ml o g oo
4e x 700ul 7F 443 2 pine tree extraction buffer j 71 3= 7 iR £ » »+ 65°C
Kipde$ S o 4E o

4v ~ ¢ 88 4% 700ul 2 Chloroform:isoamylalcohol (24:1) - jzl 7|4 i iR

13



6) > 4°C7T™ > 212000 rpm 2o 15 448 o

7) B k2 iR oo UAREAE 1750 2 10MLICI > 8 2355 <3 4
CTT s RNA I f§ &

8) *4°CT™ 11 12000 rpm &~ 30 4 48 o

9) f Pk o @R g § 3 Kimwipes b 1 %—i 7 A2_ 10M LICl -

10) +t > 700ul 75%7k e EXOH v13 1% 5 4 cgd 4 -

11) 10)>* 4°C ™ 12 12000 rpm #.< 30 4 48 °

12) 11)& % ¢ ik 0 5 B g ¢ >t kimwipes oo

13) £ 12 10~50pl 2 DEPC-H20 %% RNA ©

14) P~ lul 2. RNA » 124 k kB A a2 4t~ RNAER o

15) & wl#-#r5 RNA R RFFR IR IRA LS > 2> -80 Crkf? i o

F 3 PR OFFS A HoR FA4Etk cDNA 2 & =
Sk

1) [P ian B4tk Ler-bZIP16 & F1% %3] (bzipl6-2)% + £ 4 L bZIP16
A FIR %3] (bZIP160x) % #& 4 7 RNA template 4« » DEPC-H,0 #-#
% 250 ng/pl -

2) #-2ug RNA template(8ul) ~ 0.6ul 73 DEPC-H,0 ~ 2.4ul =7 5xSuperscript
buffer(15mM MgClIy) ~ 1.0ul =7 RQ1 RNase-free DNase (1U/ul, Promega)
Aulde r B AP o

3) 37°C F 30~ 4kt 0 B P EKE 144

4) & w4~ 1l 79 oligo-dT(23)V (0.5pg/ul)

5) 65C F 10 44mis » 5 F B3kt 1 a4 o

6) A W4e» 7ul 9 RT F &R & 7% 3] 13l <5 DNase-treated RNA 72 & % »
=3 -

7) 4A2CF 1 [ pEis o B3 T72°C 15 A4k o BEET-200C & * o

14



@ % 4 . Primers jp|i

1) 134584 < fref il 4501 CO~ Gl FT~FLC~ LFY ~ SOC1 » RGA
RGL2 ~ bZIP16 ~ UBQL0 % f F]:h% — % primers o

Primers % 74c ™ :

gRT-PCR primer Sequence (5°—37) Reference
UBQ10-ABI-1 AGAAGTTCAATGTTTCGTTTCATGTAA Hsieh et al.,
ABI-Ler-UBQ-2 GAATGGAAACATAGTTGGAACAATTATTCA | 2012
AtbZIP16-F GCATGGACAATGACCACCAA Hsieh et al.,
AtbZIP16-R TCTCTCTGCGGCACCTGTTT 2012
CO-750-ABI-S CATTAACCATAACGCATACATTTCATC Wu et al,
CO-800-ABI-AS TCCGGCACAACACCAGTTT 2008
FT-254-ABI-S ATCTCCATTGGTTGGTGACTGATA Wu et al,
FT-306-ABI-AS GCCAAAGGTTGTTCCAGTTGTAG 2008
FLC-396-ABI-S AGCCAA GAAGACCGAACTCA Baurle and
FLC-550-ABI-AS TTTGTCCAGCAGGTG ACATC Dean, 2008
LFY-437-ABI-S TTGATGCTCTCTCCCAAGAAG Ebine et al,
LFY-549-ABI-AS TTGACCTGCGTCCAGTAA 2012
SOC1-305-ABI-S AACAACTCGAAGCTTCTAAACGTAA Ebine et al,
SOC1-367-ABI-AS | CCTCGATTGAGCATGTTCCT 2012
RGA-687-ABI-S AGAAGCAATCCAGCAGA Tyler et al,
RGA-972-ABI-AS GTGTACTCTCTTCTTACCTTC 2004
RGL2-977-ABI-S CGGAGAATTCAGATTCGCTTCAAC Kang et al,
RGL2-1090-ABI-AS | CAAGATCCGATAAACTCTCAGCGG 2011
GI-3513-ABI-S ACTAGCAGTGGTCGACGGTTTATC Wu et al,
GI-3563-ABI-AS GCTGGTAGACGACACTTCAATAGATT 2008

15




2)

primers & F 4o

Fw primer : Rv primer * &% 0.5,1.5,3 % 05,15,3 -

MQ 6.5 5.5
Primer-ABI-S 0.5 15 3
Primer-ABI-AS 0.5 0.5 0.5
MQ 55 4.5
Primer-ABI-S 0.5 1.5
Primer-ABI-AS 1.5 1.5 1.5
MQ 4 3 1.5
Primer-ABI-S 0.5 15
Primer-ABI-AS 3 3

(9*3 repeats=27)

X ¥ 0 w3l 3 HAI% kRO GIREFE L 7.5ul 0 40+ 12.5ul 0 SYBR
Green MasterMix (Applied Biosystem > at 4°C){e 5ul & MQ - %88 F 2
25ul iR &% ¢ &7 QRT-PCR ¥ & -

1)
2)
3)
4)
5)

6)

* MQ AfE31 5 FIE R 100uM 857 5 830k -

£ % MQ#F#315 FIk& SuM -

Bl primers :

a )primers ;& & 100~300nM -

b)a+ 27 B F fu(- = & M5 25ul > £ £4F 3 =) o

UBQ10 - CO Gl ~FT »FLC ~LFY ~SOC1 - RGA ~RGL2 - bZIP16 &

Bleriprimers 538 9 A% k& & cipliE 1S (B Rl At bldeT £

5 uM primers RBEA G 251

UBQ10 Fw: Rv =3.0: 3.0
bZIP16 Fw:Rv=15:15
CO Fw:Rv=45:15
FT Fw:Rv=3.0:15
FLC Fw:Rv=05:05
LFY Fw:Rv=05:05
SOC1 Fw:Rv=15:15
RGA Fw:Rv=15:15
RGL2 Fw:Rv=05:05
Gl Fw: Rv=3.0: 3.0

16



% 5% 5 : Real- Time PCR
Real- time PCR 5 &R & 40T

1) & ul#-7 B2 g (3hr,6hr,90r,12hr, 15hr) 5 B~ 007 4 $hfr R %kt A
Z2_ ¢cDNA (0.5ng/5ul ) Spl+2% p 7 kvt &)= 7.5ul primer 2 & ;% +SYBR
Green dye mixture 12.5ul %?]5;3 8 i R engp v g °

2) 4 %l UBQ10 ~CO ~GI FT ~FLC *LFY »SOCL1 -RGA RGL2 §r bZIP16
AR5 $ 32 7 Real-TimePCR + & » H /R £ % 40T ;

LFY, Gl 4= UBQ1 = primer ;& & i

One reaction 70 reactions

MQ 1.5ul 105ul
Primer-ABI-S 3ul 210wl
Primer-ABI-AS 3ul 210wl
SYBR Green 12.5ul 75ul
cDNA ( 0.05ng/ul) sul

final 0.25 ng/ul

total 25ul

bZ1P16, RGA = SOC1 = primer ;& & j%:

One reaction 70 reactions

MQ 4.5ul 315ul
Primer-ABI-S 1.5ul 105ul
Primer-ABI-AS 1.5ul 105ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) sul

final 0.25 ng/ul

total 25ul
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FLC = RGL2 s primer ;& & j%:

One reaction 70 reactions

MQ 6.5ul 455ul
Primer-ABI-S 0.5ul 35ul
Primer-ABI-AS 0.5ul 35ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) sul

final 0.25 ng/ul

total 25ul

CO primer 8 & %

One reaction 70 reactions

MQ 1ul 70ul
Primer-ABI-S 4.5ul 315ul
Primer-ABI-AS 1.5ul 105ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) sul

final 0.25 ng/pl

total 25ul

FT errprimer ;2 & /%

One reaction 70 reactions

MQ 3ul 210ul
Primer-ABI-S 3ul 210ul
Primer-ABI-AS 1.5ul 105ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) sul

final 0.25 ng/ul

total 25ul

3) NTC plE_5ul 0 MQ+ % p # k¢ 6|7 7.5ul primer ;8 & ;%+SYBR

GreenMasterMix 12.5 ul

o
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4) 4rnféxr gRT-PCR X E P 34 {7 qRT-PCR - #7i¢ * 2_ {548 5 Applied
Biosystem QuantStudio ™ 12K Flex Real-Time PCR System
(http://www.appliedbiosystems.com ) -

PCR & 5%k &

1) 50C- 244 (2 ‘% RNA)

2) 95°C » 10 %~ 45 (%1 DNA Polymerase )

3) 95°C > 15 5 (DNA %i%)

4) 60C 1 248 (31 F4ERZ LT3 - AP ppFeiF) 294

F32 45740 BUHE -
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- FIBFEEH
(-)bZIP16 3v FaiFaid 24 3 4L

F 4 DZIP16 3-v FafEdt 2 B2 E 2 2 RE A 470§ L 5B bzipl6 & 7]

'jt"ft']‘r»':}"‘m/\ Ler® 4 A2 | 4 £ Hp 2 __%l, > é#,;fﬁ—?— SIS ESE Sy

K

SF T R E RS o REd § 2 BBER A X% 0 # W DZIPL6 3v

EUNRY

F_L
—4=
JA

Ty EE s RE G AR Y U eitand
d 0 bZIP16 3¢ ¥ foitend B4R o 2RI DZIPL6 7 L2 RE R e i

AEEHA e (B1-1311-3)

W B 4°C dT 2 X (80 e 22°C 2 TR

o

P AE - Adon X ehBy o BT

Xy P DZIP1G 30 FEH F o A R AE A4 X EHEBERY 2 ED%y frid

ACRBRIBEE Y A Ly o B 43X ERT %y ¢ hbZIP16 v FEP RS -

34

bR G AC K RSE IR S 2 S AC A IR 2 kR LA BB P 4 L %
w ¢ o BRI 3 B DZIP16 $-v B o ik 4°C AJL = X chfgF - AP ILT bZIPL6

v FendiIm e BT KR 2 4 RJTH DZIPL6 Fv FenA RE G oM ke

TR T

(£4-) (£4F2)

W 1-1 bZIP16 3¢ ¥ &f¥fric? 2 RER}

fri s BF 4 A4t 22°C £ p (16 h L pR/Bh T o) 4 £ 43 > B~ 21 % & fhehie hoenfk
o B¢ 2 HEpdpor chiz ¥ 5 bZIP16 Fd 0 bZIP16 36 FehA 3 £ % 51-55kDa >
SR ,ﬁi,. FHUER T LR 4 DZIP16 v T s b e
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W 1-2 bZIP16 3¢ Faf - FFfrdalgRi? 2 L4y i RERS -

FP-bziple AFIR#A e o Ler 2 A7 b2 L2 o @ A T

EAEAYSTE ST % dd F o 1 o-tubulin 3-¢9 B i loading control o
™ Bf1* coomassie blue % ¢ 12 F£z membrane o ehd-v B oo
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== HZIP16

(BAEH 108 )

£ w w &£ &£ §
i 8 E > =
% 2 2 3
- =
by =
= =

RERS - B’~b2|p16 ikr]x%‘“l‘fvrv# G Lerﬁh 2313 kA { 2
Frp Ry ~w pIHBY ~TTF o R RO R

(=)bzipl6 Rtk P RBRUEGPRT ¥ 5 F HBER TR

57 f2DZIP16 ffidr ¥ 2 A I 2 Pk JEd A Z L RIP 0 B 4 g
etk Ler ~ bzipl6 % %4k (bzipl6-2) 3 4 w4 % % 4] (bzipl6-2/bZIP16 )3 ~ & 4 1|
bZIP16 A F1z &tk (bZIP160x) 2 *F LA ik » k4w ip] bZIP16 ¥ s iF chdk & o -
PAAfeR FA L BBEN A R LBEIL (L PR 16| FLR/B | HLE ;&
PR 8 | PEkP/IG | PR a) 24 K M4 EHERERE PR R
7 4 A4E tk Ler fr bziple R B4kt E p R4 B T 2Kk o

BERETAEDRT Y- BT F %Y o bziple R # k0L A E T 5 p

i}
|
b
EXY
|
-E
34
|
3
|
b
I

EMAPERE S AN TR - @ bziple R R A
TR TA A 5P hERE (BI2-2A) ca E PR TS - XB i M4 AT
BWE DAL PEAE RS QR EE T bziple R ¥R IBE 55 P A E S A

PEBIT M bzipleo RRBAL P RT fUHERT AEp RT 0 B4 T35
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£ 2355 FEAESTHEET A bziple R ¥RTHA 4 3136 F it F
T ERTT(R 2-4) - Bgord FRA LTI 2 AL EPEBEP UL - FE SRR

krom bZIP16 € e v o

Ler bzipl6-2  bzipl6-2/bZIP16 bZIP160x
W2-1&p BT bziple R $E A F iR 3
WA EEE REF S R PR BRI 0 B ACA SR B

222°C2EpRT(16 | PFRBRIB [ PFRm)afEd L45 LREE S
70~100pmol m2sec™

LD LD
- 8
& T
R =
3 F oz
i o .
\_,'é' Lﬁ wlb oF N H"la Q'EC' P
o & & 3 &
’ \'i:'ﬁ" 4::; d:@ .@:ﬁ <
2 &
F 2-2A  2-2B
W22 bziple R¥BHEEPBRT EUHEBERI -
BI22AEpR™ 44| TR N4 P EREETHTET & bziple-2 % ¥k
T¥5E 45 Mv;ztf;ii" AR EFET - B2-2BIF A A TR D A5 FELE
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bzip16-2 % L oL 4 55 ¥ i A E o T 4 w4 R % tk(bzipl6-2/bZIP16) T 2
E D472 FERE > 4 £ 4 7 bZIP16 $k(bZIP160x) £ 41 4.16 ¥ A F - B 2-2A
rB 2-2B 5 A WA 53 R S o ¥4 o bziple R PP BRI 4 pRat B T o b
B H BT A E o#cp (Student’s t test; P<0.001, n > 10)

bzipl6 Ler bzipl16-2/bZIP16 bZIP160x
B 2-3 HL4EPRT >bziplo RPHRELFER S

FAERE BT ek BRI BN ACE SR L BB

3 22°C 2P R(8 /| Pr.m/16 - PFR @) s 4 £ # ks A L 80~110umol
-2 -1

m =~ Sec

sSD
40 -
5 | #
E i + _[_
E 25 |
s 2 |
S 15 !
10 |
9 o 4+
\..-ﬂ'\'l Q\q" '6'§N Qnﬁo
\u'b ,.b@. {P
¢¥
&

W 2-4 bziplo RBHREEP RTPABEERT -

T4 A T3eE 3 2365 FEAEST N ER T @ bziple-2 X #ikT 354 4 31.36
P RES AR EE T %4 T bziple R R P HRT I RE BB TP HE
fom i A endic P (Student’s t test; P<0.001, n> 10)
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(z) bZIP16 8 &g #r#] FLC 2 %

5 0 2 bZIP16 4oim A £ B 7= 0 A4 Affymetrix ATHL GeneChip 4 47 »
1R 24000 B A FlH5 diw - = BAZEEARAT VRBTEREY FEALR
e F3taep BT A L A X ol 4 o bziple R kY EschB L o F - &g
F R p Ax%iEadF > & 2 MULTICOPY SUPPRESSOR OF IRA1 4 (FVE),
FLOWERING LOCUS D (FLD), FLOWERING LOCUS KH DOMAIN (FLK),
LUMINIDEPENDENS (LD), FCA, FY % B {=# & #]% SOCL 4r FLC- % = #g & it
+ P 2%/ %) # 7 REPRESSOR OF GA (RGA), GIBBERELLIC ACID
INSENSITIVE(GAI), SUPPRESSOR OF PHYA-105 (SPY), RGA-LIKE 1 (RGL1),
RGA-LIKE2 (RGL2) fr RGA-LIKE3 (RGL3) « % = #f £ f > kix P ig [menfh 7] v &
7z CIRCADIAN CLOCK ASSOCIATED1(CCA1l), LATE ELONGATED HYPOCOTYL
(LHY), EARLY FLOWERINGS (ELF3), EARLY FLOWERING4 (ELF4), LOV KELCH
PROTEIN2(LKP2), ,GIGANTEA(GI), FLAVIN-BIDING, KELCH REPEAT,
F-BOX1(FKF1), PSEUDO-RESPONSE REGULATORS3 (PRR3), PRR5, PRR7, PRRY,
ZEITLUPE(ZTL), TIMING OF CAB EXPRESSION1 (TOC1),CYCLING DOF
FACTOR1 (CDF1), CONSTANS (CO), ARRHYTHMO/PHYTOCLOCK1 (LUX),
LIGHT-REGULATED WD1 (LWD1), LIGHT-REGULATED WD2 (LWD?2), (CCA1
HIKING EXPEDITION, TCP DOMAIN PROTEIN 21) CHE, # B {~ & & %]+
FLOWERING LOCUS T (FT) » % w #f & F >t & g fmenfh F] 0 & %
VIRE2-INTERACTING PROTEIN 1 (VIP1), VIRE2 INTERACTING PROTEIN 2 (VIP2),
VERNALIZATION INDEPENDENCE 3 (VIP3),VERNALIZATION INDEPENDENCE 4
(VIP4), VERNALIZATION INDEPENDENCE 5 (VIPS),
PHOTOPERIOD-INDEPENDENT EARLYFLOWERING 1 ( PIEL), FRIGIDA (FRI),
REDUCED VERNALIZATION RESPONSE 1 (VRN1), = REDUCED

VERNALIZATION RESPONSE 2 (VRN2) -
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Hec e ' 3 448 (transcriptome) 2 47 &g o1 0 e L = B A E LA 7)Y o2 FLC
FIMRNA 2L E i x> H v AFaomRNA 2R E R ] - A% 4 k7 ~FLC
IMRNA £ ILE T % 5 F 2> fbziple 2 %¥tk? FLCeomRNA 23L& 2 3 - (B

o

3-1)@ bZIP16 $f# b Figjc ~ K #pjc ~ F M pjifrp LSk Fli T i1y

X

Jheh o fe 4 24000 A FI AT 2 Piie bziple R R AL B gL 50
ek FlH 4 30 M 0 # ¢ X DZIP16 ¢ iz FF 11 @ (Wl 3-2) » % bZIP16 T
AT 19 B (F13-3)0 %7 FLC LFrfIB EA R 20 AR Bl
AT o 121 R bZIPL6 4] FLC shi ;> bZIPL6 § 7 i 4 4/

o

e
A
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Flowering Systematic | Locus Gene Ler Ler ble16 bZIP76
Pathway Number Repeat 1 Repeat 2 Repeat 1 Repeat 2

267508 at |AT2G45660 | SOC1T
2659468 s at|AT2G19520 | FVE
258944 at |AT3G10390 | FLD
258790 _at AT3G04610 FLK
255444 at |AT4G02560 | LD
250476 at |AT5G10140 | FLC || | I D
245848 at |ATS5G13480 | FY
245489 _at |AT4G16280 | FCA

Autonomous

266331 _at  |AT2G01570 | RGA
262850 at |AT1G14920 | GA!
260141 _at |AT1G6E6350 | RGLT
259259 at AT3G11540 | SPY
259042 at |AT3G03450 | RGL2
246432 at |ATSG17490 | RGL3

GA

67364 at  |AT2G40080 | ELF4
[266935_at IAT2G18915 LKP2
DE6830_at  |AT2G25030 | ELF3
DE6719_at _ |AT2G46830 | CCAT
[266720_s_at JAT2G46670 PRRS
D54638_at  |AT1G65480 | FT
[264211_at IAT1G22770 Gl
61569 at  |AT1G01060 | LHY
D51202_at  |AT1G12910 | LWD1
259990 s _at JAT1G68050 FKF1
57833 at  |AT30G26640 | LWD2
1252475 _s_at JAT3G46640 LUX
50071 _at  |AT5G02810 | PRR7
249741 _at IAT5G24470 PRR5
047808 _at  |AT5G57360 | ZTL
47666 at  |AT5660100 | PRRG
247525 _at IAT5G61380 TOC1
47452 at  |AT5G62430 | CDFI
[246525_at IAT5G 15840 CO
P46011_at  |AT5G08330 | CHE

Photoperiodic

260813 at |AT1G43700 | VIP1
259718 at |AT1GE1040 | VIPS
257688 at |AT3G12810 | PIET
256944 _at  |AT3G18990 | VRN1
255634 _at  |AT4G00650 | FRI
253645 at  |AT4G28830 | VIP3
247695 _at  |ATSGSG710 | vIP2
247565 _at  |AT5G61150 | VIP4
245280 _at |AT4G16845 | VRN2

Vernalization

Expression

N |
-1.9 19

W 3-1. FLC# mRNA 2R E & bziplo R k¥ P 3

WA Fli bk e o 247 18 % % A(ZT) 12 o) prendi 4 $hfe bzipl6 % k¢ 43 B A
BEREey ol e R RPAFNTIDLERT SF I «c THPHLRE A S &
¢ AMETHELET c LREFAXI FFH o B4 Y > FLC s mRNA 431
T K 20 o bziple R %+k? > FLC comRNA 2 ¥ 2 > bZIP16 ¥ & £ % 2

kPR T o LR EPATINT G B

£
-
vk 3
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Probe Ler | Ler | bzip16-2 | bzip16-2 |expression| Unigene | Gene
AGI Target Description
Set D R1 | R2 R1 R2 fold (Avadis) | Symbol

putative G-box binding bZIP transcription
266634_at| 1.04 | 117 | -1.28 -1.04 48 At.37663 AT2G35530

factor
262634 _at| 2.24 | 248 | -2.29 2.24 23.0 At.26590 AT1G06690 [unknown protein
262636_at| 0.71 [ 0.79 | -0.71 -0.96 3.0 At.20810 | NIH AT1G06670 |DEIH-box RNA/DNA helicase
260835_at| 2.35 | 242 | -242 -2.35 27.2 At.12093 AT1G06700 (protein kinase interactor
260412_at| 1.35 [ 0.99 | -1.99 -0.99 6.3 At.24555 | AMY3 | AT1G69830 |putative alpha-amylase
257076_at| 1.13 | 0.65 | -0.69 -0.65 29 At.8144 AT3G19680 |unknown protein
256245_at| 14 | 065 | -0.82 -0.65 34 At.47608 | HSP70 | AT3G12580 |heat shock protein 70

putative phi-1-like phosphate-induced
255064_at| 0.74 | 0.6 0.6 0.74 25 At22399 | EXO | AT4G08950

protein

UV-damaged DNA-binding protein-like
254452 at| 249 | 215 | -2.15 215 22.1 At.32663 | DDB1B | AT4G21100

damage-specific DNA binding protein 1
253942 at| 0.59 | 049 | -0.49 -0.59 2.1 At.54525 AT4G27010 |putative protein
250304_at| 0.92 | 0.89 | -0.89 0.93 35 At.699 AT5G12110 |elongation factor 1B alpha-subunit

B 3-2bZIP16 It w34 4k %] > 11 B A T30 72 B @ T A 7] o

bzip16-2 | bzip16-2 |expression| Unigene Gene
Probe SetID | LerR1 | LerR2 AGI Target Description
R1 R2 fold (Avadis) | Symbol
266693 _at | -0.67 | -0.58 0.58 0.67 24 At.12894 | MIOX2 | AT2G19800 unknown protein
264824_at | -0.90 | -0.80 0.80 0.80 31 At.69970 2A6 unknown protein
putative 1-aminocyclopropane-1-
264826_at | -0.61 | -0.68 0.61 0.77 25 At.19920 2A6 AT1G03410
carboxylate oxidase
263268_at | -0.93 | -1.13 0.94 0.93 3.9 unknown protein
262010_at | -0.97 | -1.32 0.97 1.10 45 At.47239 hypothetical protein
262019_s_at| -1.11 | -0.80 0.80 0.82 34 hypothetical protein
260011_at | -0.60 | -0.70 0.60 0.84 2.6 At.19366 AT1G68110 hypothetical protein
259620_s_at| -1.26 -1.43 1.30 1.26 6.2 Tam3-like transposon protein
257306_at | -0.84 | -0.79 0.79 1.15 34 At.53591 AT3G30200 hypothetical protein
256940_at | -2.85 | -2.85 2.85 2.85 52.0 At.36724 QQs AT3G30720 unknown protein
256300_at | -0.83 | -0.43 0.43 0.68 23 At.24919 NAP AT1G69490 unknown protein
256166_at | -1.03 | -1.01 1.08 1.01 42 At.49945 AT1G36920 hypothetical protein
255414 at | -2.01 | -1.95 1.95 210 16.0 At.54106 AT4G03156 hypothetical protein
254343 at | -0.88 | -0.55 0.55 0.80 26 At.2106 APR3 AT4G21990 PRH26 protein
MADS box protein FLOWERING
250476_at | -0.79 | -0.85 0.89 0.79 32 At.75671 FLC AT5G10140
LOCUs C
248969 _at | -0.61 | -0.55 0.60 0.55 2.2 At.27375 AT5G45310 unknown protein
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248676_at | -0.66 | -0.60 0.60 0.97 2.7 At.29820 | ATSDIM1 | AT5G48850 similar to unknown protein

245032_at | -0.80 | -0.74 0.74 0.92 3.0 En/Spm-like transposon protein
B 3-3bZIP16 f w % £ chi ¥
%7 FLC A4rl B iEA 54 > #v 18 B AT BB T s 47 -

(z) FLC % bzipl6 R @tk RE € B A SOCLfr FT AR ER § T %

08— HIFF AT DZIPL6 E B p A RIS T, Al v g F
&PCﬁﬁmwmmmmmM4mem1MRy%ﬁRNA&%&HFﬁﬁéﬁcmWM
£ 029t cDNA 5 #9F 0 ixdpdF P ehprimer > 2718 F QPCR e 2% - 4 17 8
BRI B U il FIRGA, RGL2, CO, G, LFY, FT, FLC = SOC1 A fe £ 0k ¥ 4
A48tk Ler ~ bzipl6 % %+ (bzipl6-2) ~ 3 4 w4 3 % +k(bzipl6/bZIP16)% + £ %
7. bZIP16 etk (bZIP160x) MRNA & & o Z B3 maT s 2477 2 A&
Fliat i e NEBEEIBRRERF F IR FLINBRBEz @
Bhefc - SfAd 208 FZ ) Pfe- Sfd 0 3T L KRBT B R

EREE e S RN (I

BALA P DZIP16 7 P iith? hARE o Bk Aom bZIP16 X ®k? T
7% o F 2 B bZIP16oX ¥ Rl g 4 B AT o P G0 e bk A (W 4-1)
BFLTDZIPIE 7 F A4 B R A T2 L8 - 25 87 FLC mRNA
IR 4 bziple R R P AR I A A(B 4-2) A % FLC f e & B =
chd & fF & F]F SOCL v FT % bzipl6 % %4k ¥ "mRNA 2 L E PP BT %% o £
2> B4 § 4 3L bZIP16 etk (bZIP160x) ¥ » FLC 7 mRNA # L& P &~ '% >

m SOCL 4r FT o mRNA £ I & P & + = (] 4-3,4-4) -

Ra, R A AeR A Lt £ L F 2L DELLA A 5] RGL2 fr RGA
2MELG P H LB (F 45 4-6)- £k P22 CO {r Gl £ F mRNA £ R E ~
RFPBRC(R4748) ¥ - BASRITAFLEFF > AL L B RERAT

LFY o mRNA € = % > &2 #p 1 fidg -
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P REE L P > DZIPI6 H R B Caid i il iEdrd] FLC ahd 2 j8_
@ B3 SOCL v FT e i & ¥ BAgE B 1< o

0. I

o=l | or

4 04 L = bapie2pziPie
) =8 bZIP160x
S 03
o
5 02

0.1

0.0

3 6 9 12 15
ZT (h)

W 4-1 bZIP16 &7 k¥ ehi R

bzipl6 % %tk (bzipl6-2 - &4 ) 2% 4 4] Ler(2 ¢ ) (bzipl6/bZIP16 » 2 ~ & % R
bZIP16 & tx(bZIP160X » % & )ofi t» 4 £ 3+&p BRT (8 /| PFE R/L6 -] PF 2 5) »

I 18 X A BB R SR B (@Y 12 @) =
AT X o HB-RNA:E{T gRT-PCR- Bt v & ig &7 R > 2¢ Fif4

o+ 2 a5 3P o All values in (Fig.4-1~ 4-8) are means (£S.E.) from three technique repeats

0.020 I
el | o1
——)Zip16-2
—#—zip16-2/bZIP16
o 0015 | =B, Z|P160x
m
2
@) 0.010
|
T
0.005
0.000 : : :
3 6 9 12 15
ZT (h)

W 4-2 FLC# mRNA £ RE & bzipl6 R ¥tk? PR &4 7 o
HiF- Rk REpie
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0.18 I

| or
0.15 SOCL —8—2ip16-2
8’ 0.12 =8==hzip16-2/bZIP16
==li==h7|P160X
2
8 0.09
@)
v  0.06
0.03
0.00 . L !
3 6 9 12 15
ZT (h)

W 4-3 SOCI1 e mRNA %R E & bziple R ke PRI T S | o
HEFZXFEHR BEipine

0.0003 L

efies|_er

FT i b2Zip16-2
=== gbZIP16/bzip16-2
==li==p2ZIP160Xx/bZip16-2

0.0002

FT/UBQ

0.0000

ZT (h)

W 4-4 FT evmRNA £ E & bziple R $tk? PR HAH 4 | o
HEFZ Xk FEPIL -
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0.016

0.012

0.008

RGL2/UBQ

0.004

0.000

el L_er
RGL2 =l bZip16-2

=@==pzip16-2/gbZIP16

=== hZIP160X

3 6 9 12 15

ZT (h)

W45 RGL2 A mRNA chi RE &7 kY > 23 PHLE -
HiF- 9% St e

0.12
0.10
0.08
0.06

RGA/UBQ

0.04
0.02

0.00

| el | oy
I RGA —8—b7ip16-2
i —8—|17ip16-2/bZIP16
===} 7|P160Xx
3 6 9 12 15

ZT (h)

RS

W 4-6 RGA enmRNA £ % bziple R %tk L B 2 A|uk L |2 o
HEZZFH FFRpiLe
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BEfREREERE D by
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WEF ke B
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F]+ 4o FT » SOCL fv LFY 3 4p % %

2 Affymetrix GeneChip 4 7 » % F bZIP16 #r4| FLC th& 3 > m £ b % i
~ kiR Hp A L*-_’ff'%r L i e Tl e

2R e it b TR F 4 PCR

(gRT-PCR) # 7 8 B B “i2 = ek F1RGA ~ RGL2+ CO~ Gl *LFY~ FT~ FLC
v SOCL o & 4w bZIP16 ffP = b h f4+ chps 5

g e T 0 gEd 3] RGL2
T Rl L AR E R R IT kGRS R T

ot AFT T 4 T bZIP16

B (W 3-5) e m kiFHig LA FCO {- Gl - H
MRNA £ L E "~ & P g% i (B 3-7)°

WY 0 $ RGL2 #rik

Z.77 bZIP16 % H 5t - BRISA IR 7= X
%1k¢ FLC A mRNA £ E XN £ 5005 4 |(F 3-2)- 7 % FLC §
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. Introduction

A. Literature Review and Motivation

Transcription factors which exist in all eukaryotes are essential for the control of
gene expression. These proteins bind to DNA regulatory sequences and control the
transcription of genetic information from DNA to messenger RNA, promoting or
blocking the recruitment of RNA polymerase to specific genes. They affect the
transcription of specific genes, essentially determining whether a particular gene will be
turned "on™ or "off" in an organism. Plants are sessile, so they have to modulate the
underlying developmental program accordingly to cope with the variation of

environments. Therefore, transcriptomic adjustment plays a crucial role in plants.

Transcriptome profiling has revealed hundreds to thousands of genes with
differential expression patterns in response to light in wild-type Arabidopsis and
photomorphogenic mutants (Ma et al., 2001). In plants, basic region/leucine zipper
motif (bZIP) transcription factors regulate processes including pathogen defense, light
and stress signaling, seed maturation and flower development. The Arabidopsis genome
sequence contains 75 distinct members of the bZIP family, of which ~50 are not
described in the literature. bZIP16 is a basic region/leucine zipper motif (bZIP)
transcription factor and is classified in group G (Jakoby et al.,2002). bZIP16 is
primarily a transcriptional repressor of abscisic acid (ABA) responsive genes, could
directly target ABA-responsive genes and RGA-LIKE2(RGL2), a DELLA gene in the
gibberellin (GA) signaling pathway. bZIP16 has G-box-specific binding activity. It
functions to promote seed germination and hypocotyl elongation during the early stages

of Arabidopsis seedling development (Hsieh et al., 2012, Fig.A). The diverse roles of
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bZIPs inspire us to explore whether bZIP16 regulates other developmental stages in

Arabidopsis.

Light

-
-
-
-
-

-

N

RGA A e . ReL2
¥ . GAl ( GAI B
i ¢
\ &

(HVA22b « AHG1

ABA — sTZ EM6

\ Germination

Cell elongation
o

(
Fig.A Working model illustration molecular actions of bZIP16 in Arabidopsis

early seedling development (Hsieh et al., 2012). bZIP16 positively
regulates seeds germination and hypocotyl cell elongation by repressing
RGA-LIKE2 (RGL2), PHYTOCHROME INTERACTING FACTOR
3-LIKES5 (PIL5) and ABA-responsive genes.

Gibberellins (GAs) are plant hormones that promote important processes of plant
growth and development, such as seed germination, growth through elongation, and
floral transition. Hence, mutant plants that are deficient in GA exhibit a dwarf and
delayed flowering phenotype, and treating these plants with GA restores normal growth.
GA also stimulates stem elongation and leaf expansion through cell expansion and cell
division in response to light or dark (Hauvermale et al., 2012). DELLA proteins are
conserved growth repressors that modulate all aspects of GA responses. (Zentella et al.,
2007). The Arabidopsis genome encodes five DELLAs including GA-INSENSITIVE
(GAI) REPRESSOR OF GA1-3 (RGA) RGA-LIKE1 (RGL1), RGL2 and RGL3 that

play distinct but also overlapping functions in repressing GA responses. RGL2 inhibits
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seed germination. RGA, RGL1, and RGL2 are all involved in modulating floral

development (Tyler et al., 2004).

There are at least four flowering pathways in Arabidopsis, namely photoperiod,
autonomous, vernalization, and gibberellins dependent pathways (Mouradov et al.,
2002). The photoperiod pathway refers to regulation of flowering in response to day
length and quality of light perceived. The autonomous pathway refers to endogenous
regulators that are independent of the photoperiod and gibberellin pathways. (Koornneef
M,et al.,1991) The vernalization pathway refers to the acceleration of flowering on
exposure to a long period of cold. FLOWERING LOCUS C (FLC) delays flowering by
blocking the transcription of genes in the photoperiodic flowering pathway.
Vernalization inhibits transcription of FLC. The FLOWERING LOCUS T (FT), LEAFY
(LFY), and SUPPRESSOR OF OVEREXPRESSION OF CONSTANS1 (SOC1) genes act
as central floral integrators (Blazquez et al., 1998; Nilsson et al., 1998; Samach et al.,
2000).The gibberellin pathway refers to the requirement of gibberellic acids for normal
flowering patterns. SOCL1 integrates the GA-mediated flowering-time signal with these
environmental cues (Moon et al., 2003). The FT protein and mRNA appear to be the
flowering stimulus that moves from leaves into the shoot apical meristem region, where
it evokes the transition from vegetative to reproductive meristem identify.(Corbesier et

al.,2012)
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B. Hypothesis

A previous study has indicated that RGA and RGL2 both negatively regulate the
floral transition (Tyler et al., 2004; Fig.B). In early seedling development, bZIP16 is the
repressor of RGL2/RGA. We thus hypothesize that bZIP16 also represses RGL2/RGA to
promote floral transition. Our goals are to test this hypothesis and to understand the

regulatory mechanisms imposed by bZIP16 in Arabidopsis flowering pathways.
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I1. Materials and Methods

A. Research Flow

1.

Investigating bZIP16 protein level in different growth and development stages
of Arabidopsis by western blot analysis to understand whether bZIP16

accumulates higher level in flowers.

Counting the rosette leaf numbers at bolting for wild-type (Landsberg erecta),
bZI1P16 knock-out line (bzip16 mutant) and bZIP16 overexpression line

(bZIP160x) to understand whether bZIP16 regulates flowering time

Performing transcriptomic comparison between wild-type plants and bzip16

mutants by Affymetrix ATH1 GeneChip to reveal genes regulated by bZIP16

Analyzing the expressions of different genes in flowering pathways by
guantitative reverse transcription-PCR to elucidate the role of bZIP16 in the

flowering pathways.

Using 18d-old Zeitgeber time 12 hr wild-type and bZIP160x to perform
chromatin immunoprecipitation quantitative PCR assay to test whether

bZIP16 directly binds to the FLC promoter
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B. Materials and Method

1. Investigating bZIP16 protein level in different growth development stages

of Arabidopsis.

Experiment 1:

Planting Wild-type Arabidopsis, bzip16 mutants and sampling different tissues
seeds:

Landsberg erecta (Ler, wild type)

bzip16-2 mutant, GT9934 (null allele)

Ler/35S- bZIP16-GFP#6-4 (overexpression line in a Ler background)

Materials:
70 % of ethanol, half-strength

Murashige and Skoog (MS) medium with 0.8% agar and ddH0

Exp.1-1

Procedures:

1) Take 100 seeds of Ler into a 1.5ml eppendorf. Add 1 ml of 70 % ethanol
and rinse for 1 min.

2) Use dd H,0 to wash the seeds 3 to 5 times and plant them in soil. Put plants
into 4°C cool room at dark for 3 days to synchronize the germination.

3) Transfer them to LD growth chamber (16 hours light/8 hours dark) at 22°C.

4)  When plants flower, collect roots, stems, leaves and flowers as samples.
And put them into liquid nitrogen and store them at-80 °C. (In darkness

collect all the samples at the fourth hour after truning off light.)
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Exp.1-2

Procedures:

1)

2)

3)

4)

5)

6)

Take 150 seeds of Ler and bzip16-2 mutant into a 1.5ml eppendorf,
respectively. Add 0.5 ml of 70 % ethanol for 1 min.
Add 0.5 ml of 25% bleach for 5 min.
Use ddH20 to clean the seeds several times and plant them on half-strength
MS plates with 0.8% agar for 3 days at 4°C dark chamber.
Transfer plates to growth chambers under LD, constant white light and
constant dark at 22°C.
Take samples as below:
bzipl6 mutants (LD) : flowers (for controlling)
Ler. (LD): buds, flowers and siliques
Ler: Dry seeds
Seeds at 4°C for 3 days under dark condition
Seeds at 4°C for 3 days and at 22°C under dark condition for one day
Seeds at 4°C for 3 days and at 22°C under light condition for one day
Ler: Seedlings (at 4°C for 3 days and at 22°C under dark condition for 4
days)
Seedlings (at 4°C for 3 days and at 22°C under light condition for 4
days)

Harvest and put the samples into liquid nitrogen and store them at-80 °C.
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Experiment 2:  Un-stable Protein Extraction

Materials:

Extraction buffer:

Working conc. Stock For 1ml
100mM Tris-HCL, pH7.8 1M pH8.0 0.1ml
4M Urea MW60.6 0.24g
5% SDS 10% 0.5ml
15% glycerol 100% 0.15ml

Protease Inhibitors

Working conc. Stock For 1ml
2ng/ml aprotinin 1mg/ml 2ul
3ng/ml leupetin 1.5mg/ml 2ul
1ng/ml pepstain Img/ml 1l
2mM PMSF 100mM 20ul
Protease inhibitor cocktail 50x 20ul
Procedures:
1) Prepare the protein extraction buffer and heat at 100°C for 3 min and add

2)
3)
4)
5)

6)

protease inhibitors.

Add 50ul of extraction buffer to the samples and mix well by vortex.
Denature all samples at 100°C for 5 min.

Centrifuge at 1,3000 rpm for 5 min.

Transfer the supernatant to a new eppendorf.

Measurement of protein concentration by protein assay DC (Bio-Rad)

(The processes were handled as soon as possible.)
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Experiment 3:  Western Blot Analysis
A. Total Protein preparation

1) Protein was extracted from samples

2) Quantified by BCA method ( Bio-Rad protein assay kit)

3) Add 5ul of sample dye and 2ul of B-ME into 100ul sample.
4) Heat at 95°C for 90sec, then spin 12,000 rpm for Smin.

B. Electrophoresis

1) Prepare 10%-12% SDS-PAGE,
2) Load 5-10pg total protein to each lane,
3) Run 70V for 30min for stacking and 100V for 1.5hr for separating,

C. Blot transfer

1) Activate PVDF membrane by 100% methanol,

2) Buildup the gel sandwich ( by Bio-Rad, Mini trans-blot electrophoretic
transfer cell),

3) Run 100V forlhr with Western transferring buffer,

D. Blocking and detection

1) Activated membrane by 100% methanol and rinse with H20.

2) Prepare blocking reagent ( 5% milk, 0.1% Tween 20, 1X PBS),

3) Preblock membrane with 10ml of blocking reagent for 1 hr shaking at room
temperature (60rpm),

4)  Block with primary antibody ( bZIP16 antibody, 1:1000) within 10ml of
blocking reagent for 1hr with shaking at RT (60rpm).

5) Wash membrane by shaking with washing buffer (0.05% Tween 20 in 1X

PBS) 5min for 5 times.

50



6) Block with 10ml of anti-secondary antibody (anti-rabbit HRP, 1:5000)
blocking reagent 1 hr shaking at room temperature.

7) Wash membrane by shaking with washing buffer (0.05% Tween 20 in

8) 1XPBS) 5min for 5 times.

9) Add substrate to the membrane and seal the membrane to plastic bag.

10) Detect signals by exposing to a X-ray film.

11) Use the coomassie blue to stain the membrane and detect the protein
loading on each sample.

2. Observing phenotypes of bzipl6 mutants

Materials: Ler and bzipl6 mutants and bZIP160x

Procedures:

1) Take 240 seeds of Ler, bzip16-2 mutant and bZIP160x into a 1.5ml
eppendorf, respectively. Wash them by 1ml of 70 % ethanol for 1 min,

2) Use dd H20 to wash the seeds 3 to 5 times and plant them in soil. Put
plants into 4 °C cool room at dark for 3 days to synchronize the
germination.

3) Transfer 12 seedlings for each line to LD (16 hours light/ 8 hours dark) and
SD growth chamber (8 hours light/16 hours dark) at 22°C.

4)  Observe their phenotypes and count the rosette leaf number at bolting.

3. Transcriptomic comparison between wild-type plants and bzip1l6 mutants

Experiment 1: Planting Ler and bzip16 mutants and sampling

Procedures:

1) Take seeds of Ler and bzip16 mutants.
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2)

3)

Plant 360 seeds per line to soil at 4°C cool room at dark for 3 days to
synchronize the germination.
Transfer to SD growth chamber (8 hours light/16 hours dark) at 22 °C for

18 days and then collect samples at ZT 12hr.

Experiment 2: RNA extraction for Affymetrix ATH1 genome array

Material: Invitrogen kit for plant RNA extraction

1)

2)

3)
4)
5)
6)

7)

8)
9
10)

11)

12)

Pulverize tissue in eppendorf with a blue pestle pre-cooled in liquid
nitrogen.

Add in the Invitrogen Plant total RNA purification kit (500 uL powder)
into the ground tissue and immediately mix by vortexing until well mixed.
Centrifugate 13,000 rpm for 5 min at 4°C.

Save supernatant and add 200 pL 5M NaCl, mix well.

Add 600 pL Chloroform:isoamyl alcohol (24:1), mix well.

Centrifugate 13,000 rpm for 10 min at 4°C.

Save supernatant, add 900 pL isopropanol, mix well. Wait for 10 min until
it precipitates.

Centrifugate 13,000 rpm for 10 min at 4°C.

Wash pellet with 70% EtOH (Vortex the pellet until it floats).
Centrifugate 13,000 rpm for 10 min at 4°C.

Briefly dry the pellet until it turns transparent, and suspend it in 40 uL
DEPC-dH20.

Measure RNA concentration (OD260/280) using the Nanodrop

spectrophotometer.
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4. Analyzing the expression of different genes in flowering pathways

Experiment 1: Planting Ler and bzip16 mutant and sampling

Procedures:
1) Take seeds of Ler, bzip16 mutant and bZIP160x.
2) Plant 270 seeds per line to soil at 4°C cool room at dark for 3 days to
synchronize the germination.
3) Transfer them to SD growth chamber (8 hours light/16 hours dark) at 22 °C
for 18 days.
4) Collect 8-10 plants each line at ZT 3 hr, 6 hr, 9 hr, 12 hr and 15 hr after

light on, respectively. Quickly and carefully put samples into labeled 2mL
eppendorf without physical damage. Immediately dip the tube into liquid

nitrogen and then store at -80°C.

Experiment 2: RNA Isolation

Materials:

1.

Pine tree extraction buffer (2% CTAB, 2% PVP, 0.5g/l Spermidine, 2M
NaCl, 25mM EDTA pH8.0, 100mM Tris-HCI pH8.0, 2%

B-mercaptoethanol )

2. 10M LiCl
3. Chloroform:isoamylalcohol (24:1)
4. 10mM Tris-HCI, pH8.0
5. DEPC-dH,0 ( Diethylpyrocarbonate-H,0O ) (Add 0.1% DEPC into H,O and
mix thoroughly. Incubate at 37 °C for overnight and autoclave.)
Procedures:
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1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

Pre-cool centrifugation and set 65°C water bath.

Calculate pine tree extraction buffer require (5ml/g tissue). Add B-ME into
pine tree extraction buffer and heat in 65°C water bath for 20 min.
Pulverize tissue in Eppendorf with a blue pestle pre-cooled in liquid
nitrogen.

Add extraction buffer in the ground tissue and immediately mix by
vortexing until well mixed.

Heat sample in 65°C water bath for 5min.

Add equal 700ulof chloroform: isoamyl alcohol, mix by vortexing for 20
sec.

Centrifugate at 4°C, 12,000 rpm, until the phases are well-separated.
Transfer aqueous layer into a new tube and repeat chloroform extraction for
1-2 times, until the interface is clear.

Add 1/4 volume (175ul) of 10M LiCl and mix by pipetting. Precipitate
RNA at 4°C overnight.

Harvest RNA by centrifugation at 4°C, 12,000 rpm for 30min and
immediately remove supernatant and invert on kimwipe to drain.

Add 700ulof cold 75% EtOH to wash away excess salt.

Centrifugation at 4°C, 12,000 rpm for 30min.

Immediately remove supernatant and invert on kimwipe to drain.
Resuspend pellet with 10-50ul of DEPC-H,0, and then transfer into a new
eppendorf.

Measure RNA concentration by O0D260/280, using DEPC-H,0 for blank.

Store RNA at -80 °C
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Experiment 3: Reverse transcription

Material: 2pg RNA template in DEPC-H;0,
Filter tips, RT mix (0.9ul of RNase-free H,0, 1.6l of 5x Superscript
Buffer, 2ul of 0.1 M DTT, 1 pl of 10 mM dNTP, 1ul of RNasin (40U/ml,

final 2U, Promega), 0.5ul SuperScript II (Invitrogen)

Procedures:

1) Dilute RNA template to 250 ng/ul by using DEPC-HO.

2) Add 2pg of RNA template (8ul) with 0.6ul of DEPC-H20, 2.4ul of5X
Superscript buffer (15mM MgCI12) and 1.0ul of RQ1 RNase-free DNase
(1U/ul, Promega).

3) Incabate 30min at 37°C to remove contaminating genomic DNA, then
return to ice for 1 min.

4)  Add 1ul of oligo-dT(23)V(0. Sug/ul), incabate at 65°C for 10min, then
return to ice for 1 min.

5) Add 7ul of RT mix to 13ul of DNase-treated RNA.

6) Mix well, and incubate 1 hr at 42°C, 15min at 72°C and 4°C, then store at

-20°C.
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Experiment 4: Primers test

According to previous literatures, find out the primers of CO, GlI, FT, FLC, SOC1,

RGA, RGL2 and bZIP16.

The list of primers as below:

gRT-PCR primer Sequence (5°—37) Reference
UBQ10-ABI-1 AGAAGTTCAATGTTTCGTTTCATGTAA Hsieh et al.,
ABI-Ler-UBQ-2 GAATGGAAACATAGTTGGAACAATTATTCA | 2012
AtbZIP16-F GCATGGACAATGACCACCAA Hsieh et al.,
AtbZIP16-R TCTCTCTGCGGCACCTGTTT 2012
CO-750-ABI-S CATTAACCATAACGCATACATTTCATC Wu et al,
CO-800-ABI-AS TCCGGCACAACACCAGTTT 2008
FT-254-ABI-S ATCTCCATTGGTTGGTGACTGATA Wu et al,
FT-306-ABI-AS GCCAAAGGTTGTTCCAGTTGTAG 2008
FLC-396-ABI-S AGCCAA GAAGACCGAACTCA Baurle and
FLC-550-ABI-AS TTTGTCCAGCAGGTG ACATC Dean, 2008
SOC1-305-ABI-S AACAACTCGAAGCTTCTAAACGTAA Ebine et al,
SOC1-367-ABI-AS | CCTCGATTGAGCATGTTCCT 2012
RGA-687-ABI-S AGAAGCAATCCAGCAGA Tyler et al,
RGA-972-ABI-AS GTGTACTCTCTTCTTACCTTC 2004
RGL2-977-ABI-S CGGAGAATTCAGATTCGCTTCAAC Kang et al,
RGL2-1090-ABI-AS | CAAGATCCGATAAACTCTCAGCGG 2011
GI-3513-ABI-S ACTAGCAGTGGTCGACGGTTTATC Wu et al,
GI-3563-ABI-AS GCTGGTAGACGACACTTCAATAGATT 2008

Materials: Filter tips, MQ, 0.05ng/ul cDNA, 5uM of real-time primer,

SYBR Green Master Mix (Applied Biosystem) at 4°C, Applied

Biosystem QuantStudio™ 12K Flex Real-Time PCR System

(http://www.appliedbiosystems.com).

Procedures:

1)  Using Filter tips to dissolve real-time primer with MQ to 100uM for stock.
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2) Dilute the primer with MQ to final 5uM.
3) Primer test:

a) Primer concentration: final 2700~300nM

b) Total 27 reactions (25ul per reaction).

c) Sul of cDNA (0.05ng/ul)+7.5ul primer mixture + 12.5ul SYBR Green
Master Mix and Sul of MQ+7.5ul primer mixture + 12.5u1 SYBR

Green Master Mix for No Template Control (NTC)

d) The reactions of primer test is as below:

MQ 6.5 5.5
Primer-ABI-S 0.5 15 3
Primer-ABI-AS 0.5 0.5 0.5
MQ 55 4.5
Primer-ABI-S 0.5 1.5
Primer-ABI-AS 1.5 1.5 1.5
MQ 4 3 1.5
Primer-ABI-S 0.5 15
Primer-ABI-AS 3 3

(9*3 repeats=27)

Experiment 5: Real-Time PCR

1) Take Sul cDNA (0.05ng/ul) of the different samples which were collected
at ZT 3, 6,9, 12, 15hr after light on each line and add 20ul of primer
mixture (7.5ul individual primer mixture and 12.5 pl SYBR Green Master
Mix), respectively.

2) NTC: 5ul of MQ + 20ul primer mixture.

3) QRT-PCR programs: 50°C for 2 min; 95°C for 10 min; 40 cycles of 95°C

forl5 sec and 60°C for 1 min.
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Primer mixtures of UBQ10, CO, GlI, FT, FLC, SOC1, RGA, RGL2 and bZIP16 as
below :

Primer mixtures of Gl, and UBQ10:

One reaction 70 reactions

MQ 1.5ul 105ul
Primer-ABI-S 3ul 210ul
Primer-ABI-AS 3ul 210ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) sul

final 0.25 ng/ul

Total 25ul

Primer mixtures of bZIP16, RGA and SOC1.:

One reaction 70 reactions

MQ 4.5ul 315ul
Primer-ABI-S 1.5ul 105ul
Primer-ABI-AS 1.5ul 105ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) Syl

final 0.25 ng/ul

Total 25ul

Primer mixtures of FLC and RGL2 :

One reaction 70 reactions

MQ 6.5ul 455ul
Primer-ABI-S 0.5ul 35ul
Primer-ABI-AS 0.5ul 35ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) Syl

final 0.25 ng/ul

Total 25ul
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Primer mixtures of CO:

One reaction 70 reactions

MQ Tul 70ul
Primer-ABI-S 4.5ul 315ul
Primer-ABI-AS 1.5ul 105ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) Syl

final 0.25 ng/pl

Total 25ul

Primer mixtures of FT:

One reaction 70 reactions

MQ 3ul 210ul
Primer-ABI-S 3ul 210l
Primer-ABI-AS 1.5ul 105ul
SYBR Green 12.5ul 875ul
cDNA ( 0.05ng/ul) Syl

final 0.25 ng/ul

Total 25ul

5. Performing chromatin immunoprecipitation quantitative PCR assay

Experiment 1: Planting Ler and bZIP16 overexpression line and sampling

Procedures:

1) Take seeds of Ler and bZIP160x (Ler/35S-bZIP16-GFP)

2) Plant 360 seeds per line to soil at 4°C cool room at dark for 3 days to
synchronize the germination.

3) Transfer to SD growth chamber (8 hours light/16 hours dark) at 22 °C for

18 days and then collect samples at ZT 12hr
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Experiment 2. Fixation

Fresh prepare Cross-linking buffer

Stock Volume of 150 ml | Final
Cross-linking | 2M Sucrose (5x) 30 ml 04 M
1M Tris-HCL pH8.0 1.5ml 10 mM
(100x) 4.05 ml 1%
37% Formaldehyde (37x) 114.45 ml
MQ
Stop solution 2M Glycine 125 mM
1) Collect 0.2g tissue would use for ChlP.
2) Rinse the tissue with 50 ml water to remove soil
3) Add 37 ml cross-linking buffer and place tissue under vacuum for 20 min
(5min x 4).
4) Add 2.4 ml 2M (final 0.125M) glycine and place tissue under vacuum for 5
min.
5) Rinse tissue two times with 50 ml water to remove formaldehyde. Remove
as much water as possible after second wash by kitchen paper.
6) In this step, plant materials can be shock-frozen in liquid nitrogen. Grind

tissue to a fine power and store in -80 °C
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Experiment 3. Extraction and sonication ( all steps are on ice)

Prepare Nuclei isolation buffer, Nuclei lysis buffer, Miracloth, ice, Centrifuge 4°C

Buffer Reagent Final Stock X 50 ml
Nuclei PIPES (pH 6.8) 15 mM 150mM | 10 x 5mil
Isolation MgCI2 5mM 1M 200 x | 250ul
buffer KCL 60 mM 200 mM | 3.3 x 15mi
Sucrose 0.25M 2M 8 x 6.24ml
NaCl2 15 mM 3M 200 x | 250l
CaC2 1 mM 1M 1000 x | 50ul
TritonX-100 0.9% 20% 22.2x | 2.27ml
PMSF 0.1mM 100mM | 1000 x | 50ul
Protease inhibiter (Roche) | 1 X 50x 50x 1 bullet
MQ 23.9ml
Nuclei HEPES pH7.5 50mM 1M 20x 300ul
lysis Sodium 0.1% 10% 100 x | 60ul
buffer deoxycholate(DOC) 0.5% 10% 20 x 300ul
SDS 150mM |3 M 200 x | 30ul
NaCl 1% 20% 20 x 300ul
TritonX-100 0.1mM 100 mM | 1000 x | 6ul
PMSF 1x 50 x 50 x 120ul
Roche PI to 6ml
MQ
1)  Add 500 pl of cold nuclei lysis buffer into samples.
2) Divid the samples into two aliquots of 330 pl each in tubes. Filter the
solution through two layers of Miracloth into fresh 50 ml falcon tube on ice.
- Set aside 10ul from each sample for the control of sonicated chromatin.
3) Shear the DNA into 500~ 1000 bp fragments by Bioruptor (power high,
15s ON, 15s OFF). Add ice very 5 min, total sonication time is 30 min
4)  Check the fragment by electrophoresis - 10ul sample + 10ul MQ for
loading
5) Centrifuge samples for 10 min at 13000 rpm at 4°C to pellet debris.

6)

Collect samples by combining the supernatants. ( sonicated chromatin)




Experiment 4. Immunoprecipitation

Prepare pre-equilibrated salmon sperm DNA/protein A agarose beads

a) 200ul protein A sepharose 50% slurry (GE71-5017-54 AD) in the spin

column, centrifuge at 750g for several seconds.

b) Wash with protein A sepharose with 200ul lysis buffer for 3 times and

centrifuge at 750g to discard supernatant.

c) Add 100ul lysis buffer and mix with 0.2mg sonicated salmon sperm

DNA and 0.2 mg BSA.

d) Pre-incubate mixture at 4°C with rotation for 4 hrs, and store at 4°C

before using.

Procedures

1)  Wash prepared salmon serm/protein A-sepharose beads with 800ul lysis
buffer lysis buffer for 3 times and centrifuge at 750g to discard supernatant.
Resuspend resin with lysis buffer ( =bed volume)

2) Add 60 pl washed salmon sperm/protein A-sephaarose bead to 300ul
sonicated chromatin for 1 h at 4°C with gentle rotation.

- Take 30ul (1/10 volume) of supernatants as DNA input control
- Take 20pl as protein input control.

3) Add 1l anti-GFP antibody (Ab290, rabbit polyclone) and incubated 3hr at
4°C with gentle rotation.

4)  Centrifuge samples at 7509 for 2 min at 4C.

- Collect flow through 20ul for SDS-PAGE and western to check the

binding efficiency
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5) Wash

Reagent Final Stock X V of Wash
10mi volume
Nuceli Same as 800ul x3
lysis the buffer times
buffer for
experiment3
LNDET | LiCl 025M | 10M 40 x | 250ul 800ul x3
NP40 1% 100% 100 x | 100l times
DOC 1% 10% 10x [1ml
EDTA 1 mM 0.5M 500 x | 20ul
MQ 9630l
TE TrispH8.0 |[10mM | 1M 100 x | 100l 800ul x3
EDTA 0.1M 500 mM | 500 x | 20ul times
MQ 9880ul

6) Take samples of every two washes for western blot to check the quality of

samples.

7)  Elute the immuno-complex by adding 60ul of freshly prepared elution

buffer by incubating at room temperature for 5 min.

Reagent Final Stock X Vofl Wash
ml volume
Elution SDS 1% 10% 10 x 100l 60ul x 2
buffer NaHCO3 | 0.1 M 05M 5 X 200ul times
MQ 700ul

8) Centrifuge samples at 750g for 2 min at room temperature and transfer the

supernatant into a new tube. Repeat the elution step 9 again.

9) Combine two elutions

- Take 1/10 volume of elution for western to check IP

10) Add 1% SDS and 0.1M NaHCOg; into 80ul DNA input control to adjust the

same concentration with elutions.

11) Add 1.5ul proteinase K ( Invitrogen, 20 mg/ml) into 120ul elutions and

input solution(final concentration 0.25 mg/ml), incubate overnight at 65°C).
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12) Extract the DNA by using the PCR purification kit (QIAGEN). Elute in 120

and 60ul MQ.

13) Measure the DNA content by Nanodrop.

Primers of ChlP;

gRT-PCR primers

Sequence (5’—37)

pFLC-ABI-a-Fw AAGTAGCAAAGACGCTCGTCA
pFLC-ABI-a-Rv GGTAAACGAGAGTGATGCAAA
FLC-ABI-b-Fw TGTCATTTTCAATCTGCCGA
FLC-ABI-b-Rv CCAATGAATTATGTGGGCTAAC
UBC21-ABI-c-Fw TCCTCTTAACTGCGACTCAGG

UBC21-ABI-c-Rv

GCGAGGCGTGTATACATTTG
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111.Results

1. bZIP16 protein accumulates at higher expression levels in buds and flowers.

To examine bZIP16 protein level in different growth developmental stages of
Arabidopsis, we first performed the western blot to measure the bZIP16 protein
expression in different tissues. We found that bZIP16 protein expressed in roots, stems,
seedlings, buds, flowers and siliques. But bZIP16 protein was not detected in dry seed
and 1-day-old seedlings at 22°C under light conditions. And the results showed higher
protein levels in buds and flowers (Fig. 1-1~1-3). In addition, bZIP16 protein was
detected more in 4-day-old seedling under dark conditions than in 4-day-old seedling
under light conditions. The high levels of bZIP16 protein in flower buds and flowers

(Fig. 1-1~1-3) suggest that bZIP16 may be important for floral development.

bZIP16

(repeat 1) ( repeat 2)

Fig. 1-1 bZIP16 protein higher accumulation in roots and flowers.
Amount of bZIP16 protein loaded was as marked. The molecular weight of bZIP16
protein is about 51-55 KDa
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Fig.1-2 bZIP16 protein higher accumulation in buds, flowers, and 4- day-old
seedling under dark condition.

The tissues and developmental stages tested were, from left to right in the graph,
buds of bzipl6 mutant, buds, flowers, siliques, dry seeds, 4°C -treated-3d seeds, 4
°C -treated-3d and constant light-treated-1d, 4 °C -treated-3d and constant
dark-treated-1d, 4°C -treated-3d and constant light-treated-4d, and constant
dark-treated-4d of wild-type. a-tubulin was also detected in these samples to
show equal loading of protein from each sample (exposure for 3 min). The
asterisk indicated the non-specific bands. The coomassie blue stained gel was
included as loading controls.
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bZIP16

(exposure 10sec.)

Fig. 1-3 DbZIP16 protein higher accumulation in siliques, flowers, buds and 4-
day-old seedling under dark condition.

The tissues and developmental stages tested were, from left to right in the graph,
siliques, 4°C -treated-3d and constant light-treated-4d seedlings, 4°C -treated-3d and

constant dark-treated-4d seedlings, flowers, buds and flowers of the bzip16 mutants

Ler bzip16 BZIP16ox Lor  biip16 bZIP160x

4w bZIP16-GFP band

= v2p16

(repeatl ) (repeat 2)
Fig. 1-4 The seeds of Ler, bzip16 and bZIP160x are correct.

Twelve-day-old wild-type, bzip16-2 and bZIP160x line grown under short-day
conditions (8-h light/16-h dark) were harvested.
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2. Dbzipl6-2 mutants showed late-flowering phenotypes under long-day and

short-day conditions.

To investigate the other roles of the bZIP16 in Arabidopsis, in this study, Ler,
bZIP16 knock-out line (bzip16-2), and AtbZIP16-GFP which was driven the 35S
promoter of bZIP16 overexpression line (bZIP160x), were planted to observe the
phenotypes. The results revealed that under SD conditions, the plant size of bzip16-2

mutants was shorter than wild-type plants.( Fig.2-3)

To further evaluate the contribution of bZIP16 in flowering pathways, we
calculated the rosette leaf number at bolting. The number of rosette leaves will not
increase after bolting; thus it can represent the physiological age at flowering. Under
long-day (LD) conditions, in the first experiment, the bzip16 mutants and wild-type
plants began flowering with an average of 5 and 4 total rosette leaves, respectively
(Fig.2-2A). In the second experiment, the bzip16 mutants and wild-type plants began
flowering with an average of 5.5 and 4.5 total rosette leaves, respectively. bZIP16
overexpression lines had 4.16 leaves at bolting, indicating that bZIP16 promoted
flowering (Fig.2-2B ). Under short-day (SD) conditions, in the first experiment, the
bzipl6 mutants forming 27.91 leaves compared to 23.17 leaves for wild-type (Fig.
2-4A). In the second experiment, the bzipl6 mutants also flowered late comparing with
wild-type plants. bzip16 mutants forming 31.36 leaves compared to 23.55 leaves for
wild-type (Fig. 2-4B). These results demonstrated that bzip16 mutants showed

late-flowering under both LD and SD conditions.
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Ler bzip16-2 bZIP160x

Fig. 2-1 bzip16-2 mutants showed more rosette leaves

Seeds for each line were surface-sterilized, imbibed for 1 hour at 22°C and then planted
in soil at 4°C for 3 days. Afterwards, plants were transferred and grown at 22°C under
long-day (16-h light/8-h dark) conditions at cool white fluorescent lights (70 to 100
pmol m%sec™)
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Fig.2-2 bzip16-2 mutant plants showed late-flowering under long-day conditions

Flowering time indicated by numbers of rosette leaves at bolting for wild-type, bzip16-2
and bZIP16 overexpression line under LD (16- h light/8- h dark) conditions. Error bars
indicate £ SD. Asterisks indicate that bzip16-2 mutant plants flowered significantly later
than wild-type plants (Student’s t test; *:P<0.05, **:P<0.001, n > 10)..
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Ler bzip16-2 bZIP160x

Fig. 2-3 bzip16-2 mutants showed more leaf numbers.

Plants were grown under SD (8-h light/16-h dark) conditions at cool white fluorescent
lights 80~110umol m 2sec ?).
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Fig.2-4 bzip16-2 mutant plants showed late-flowering under short-day conditions

Flowering time indicated by numbers of rosette leaves at bolting for wild-type, bzip16-2
and bZIP16 overexpression line under SD (8- h light/16- h dark) conditions. Error bars
indicate + SD. Asterisks indicate that bzip16-2 mutant plants flowered significantly later
than wild-type plants (Student’s t test; *:P<0.05, **:P<0.001, n > 10).

3. bZIP16 Repressed Significantly the Expression of FLC.

To clarify how the floral transition is regulated by bZIP16, we performed a
transcriptomic comparison of 18-d-old wild-type plants and bzip16 mutants grown

under SD conditions using Affymetrix ATH1 GeneChip. 43 flowering-related genes
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were retrieved for hierarchical clustering analysis. There are four representative
expression clusters. Cluster I is the autonomous pathway genes MULTICOPY
SUPPRESSOR OF IRA1 4 (FVE), FLOWERING LOCUS D (FLD), FLOWERING
LOCUS KH DOMAIN (FLK), LUMINIDEPENDENS (LD), FCA, FY and the floral
integrators SOC1, FLC. Cluster Il is the GA pathway genes REPRESSOR OF GA
(RGA), GIBBERELLIC ACID INSENSITIVE (GAI), SUPPRESSOR OF PHYA-105
(SPY), RGA-LIKE 1 (RGL1), RGA-LIKE2 (RGL2) and RGA-LIKE3 (RGL3). Cluster III
is the photoperiodic pathway genes CIRCADIAN CLOCK ASSOCIATEDL1 (CCALl),
LATE ELONGATED HYPOCOTYL (LHY), EARLY FLOWERING4 (ELF4), LOV
KELCH PROTEIN2 (LKP2), EARLY FLOWERING3 (ELF3), GIGANTEA (Gl),
FLAVIN-BIDING, KELCH REPEAT, F-BOX1 (FKF1), PSEUDO-RESPONSE
REGULATORS (PRR3), PRR5, PRR7, PRR9, ZEITLUPE (ZTL), TIMING OF CAB
EXPRESSION1 (TOC1), CYCLING DOF FACTORL1 (CDF1), CONSTANS (CO),
ARRHYTHMO/PHYTOCLOCK1 (LUX), LIGHT-REGULATED WD1 (LWD1),
LIGHT-REGULATED WD2 (LWD2), (CCA1 HIKING EXPEDITION, TCP DOMAIN
PROTEIN 21) CHE and the floral integrators FLOWERING LOCUS T (FT). Cluster IV
is the vernalization pathway genes VIRE2-INTERACTING PROTEIN 1 (VIP1), VIRE2
INTERACTING PROTEIN 2 (VIP2), VERNALIZATION INDEPENDENCE 3 (VIP3),
VERNALIZATION INDEPENDENCE 4 (VIP4), VERNALIZATION INDEPENDENCE 5
(VIP5), PHOTOPERIOD-INDEPENDENT EARLY FLOWERING 1 ( PIEL), FRIGIDA
(FRI), REDUCED VERNALIZATION RESPONSE 1 (VRN1), and REDUCED

VERNALIZATION RESPONSE 2 ( VRN2) (Fig.3).

Transcriptome analysis revealed the impact of the mutation in bZIP16 was
significant on the expression of FLC. The expression of FLC transcripts was reduced in

wide-type plants. In contrast, the expression of those genes involved in photoperiodic
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pathway, GA pathway, vernalization pathway and autonomous pathways almost were

unaffected in the bzip16 mutant (Fig.3).

We have also checked the expression of the 24,000 genes represented on the ATH1
GeneChip. By applying a 2-fold expression changes between wild-type plants and the
bzip1l6 mutants, we found that 11 genes were up-regulated and 19 genes were
down-regulated by bZIP16. Among them, only FLC is previously reported to be a
flowering gene, while most of the other genes encoding unknown proteins. (Tablel, 2).

Possible functions of these bZIP16-regulated genes remain to be clarified.

These results imply that bZIP16 represses the expression of FLC and it does not
affect the expression of genes in photoperiodic pathway, GA pathway, vernalization
pathway and autonomous pathways, suggesting bZIP16 may be a new component of

flowering control in Arabidopsis.
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Flowering Systematic | Locus Gene Ler Ler ble16 bZIP 16

Pathway Number Repeat 1 Repeat 2 Repeat 1 Repeat 2
267509 _at |AT2G45660 | SOCT
265046_s_at| AT2G19520 | FVE
258944 at [AT3G10380 | FLD
258790 at [AT3G04610 | FLK
255444 at  |AT4G02560 | LD
250476_at |AT5G10140 | FLC I |
245848 at |AT5G13480 | FY
245489 _at |AT4G16280 | FCA

Autonomous.

266331 _at [AT2GO01570 | RGA
262850 _at  |AT1G14920 | GA/
260141 _at |AT1G66350 | RGL?

GA 250259 at  |AT3G11540 | SPY

259042 at |AT3G03450 | RGL2
246432 at |ATSG17490 | RGL3
[267364_at  |AT2G40080 ELF4
[266935_at  |AT2G18915 LKP2
266839_at  |AT2G25930 ELF3
[266719_at  |AT2G46830 CCA1
[266720_s_at |AT2G46670 PRR9Y
264638 _at  |AT1G65480 FT

.. [264211_at  |AT1G22770 Gl

Photoperiodic =

261569 _at  JAT1G01060 LHY
[261202_at  JAT1G12910 LWD1
259990 s_at JAT1G68050 FKF1
257833 _at  |AT3G26640 LWD2
1252475 _s_at |AT3G46640 LUX
250971_at  JAT5G02810 PRR7
[249741_at  JAT5G24470 PRRS5
247898 _at  |ATS5G57360 ZTL
247668 _at  JAT5GE0100 PRR3
1247525 _at  JAT5G61380 TOC1
247452_at  |AT5G62430 CDF1
[246525_at  JAT5G15840 CcO
[246011_at IAT5G08330 CHE

260813 _at |AT1G43700 | VIP1
259718 _at [AT1G61040 | VIP5
257688 at [AT3G12810 | PIET
256944 _at |AT3G18980 | VRNT
255634_at  |AT4GO0650 | FRI
253645_at  [AT4G29830 | VIP3
247695 at |AT5G59710 | VIP2
247565 _at |AT5G61150 | VIP4
245280 at |AT4G16845 | VRN2

Vernalization

Expression
- 1
-1.9 0 1.9

Fig.3 The expression of FLC transcripts was significantly increased in the bzip16
mutant

Transcriptomic comparison was performed to analyze genes in the four flowering
pathways in 18-day-old at Zeitgber time (ZT) 12 hr of wild-type plants and bzip16-2
mutants. Hierarchical clustering of bZIP16-regulated genes differentially expressed in
Ler and bzip16-2. Expression data are shown as relative expression of each gene to the
median of 4 samples. The median expression of each gene is shown in yellow. Relative
up- or downregulation from median expression is red and green respectively. Two
biological replicates were performed for each treatment.
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Table 1. The up-regulated genes by bZIP16

Probe Ler | Ler | bzip16-2 | bzip16-2 |Expression| Unigene | Gene
ACI Target Description
Set ID R1 | R2 R1 R2 fold (Avadis) | Symbol

putative G-box binding bZIP transcription
266634_at| 1.04 | 117 | -1.28 -1.04 48 At.37663 AT2G35530

factor
262634 _at| 2.24 | 248 | -2.29 2.24 23.0 At.26590 AT1G06690 |unknown protein
262636_at| 0.71 | 0.79 | -0.71 -0.96 3.0 At.20810 | NIH AT1G06670 |DEIH-box RNA/DNA helicase
260835_at| 2.35 | 2.42 -2.42 -2.35 272 At.12093 AT1G06700 |protein kinase interactor
260412_at|{ 135|099 | -1.99 -0.99 6.3 At.24555 | AMY3 | AT1G69830 |putative alpha-amylase
257076_at| 1.13 | 0.65 | -0.69 -0.65 29 At.8144 AT3G19680 [unknown protein
256245_at| 1.4 | 065 | -0.82 -0.65 34 At47608 | HSP70 | AT3G12580 |heat shock protein 70

putative phi-1-like phosphate-induced
255064_at| 0.74 | 0.6 0.6 0.74 25 At.22399 | EXO | AT4G08950

protein

UV-damaged DNA-binding protein-like
254452 at| 2.49 | 215 | -2.15 215 221 At.32663 | DDB1B | AT4G21100

damage-specific DNA binding protein 1
253942 at| 0.59 | 049 | -0.49 -0.59 21 At.54525 AT4G27010 |putative protein
250304_at| 0.92 | 0.89 -0.89 -0.93 35 At.699 AT5G12110 |elongation factor 1B alpha-subunit

Table 2. The down-regulated genes by bZIP16.Among them, only FLC is a flowering

gene.
bzip16-2 | bzip16-2 |expression| Unigene Gene
Probe Set ID | LerR1 | Ler R2 AGI Target Description
R1 R2 fold (Avadis) | Symbol
266693 _at | -0.67 | -0.58 0.58 0.67 2.4 At.12894 | MIOX2 AT2G19800 unknown protein
264824 _at | -0.90 | -0.80 0.80 0.80 3.1 At.69970 2A6 unknown protein
putative 1-aminocyclopropane-1-
264826_at | -0.61 | -0.68 0.61 0.77 25 At.19920 2A6 AT1G03410
carboxylate oxidase
263268_at | -0.93 | -1.13 0.94 0.93 3.9 unknown protein
262010_at | -0.97 | -1.32 0.97 1.10 4.5 At.47239 hypothetical protein
262019_s_at| -1.11 -0.80 0.80 0.82 34 hypothetical protein
260011_at | -0.60 | -0.70 0.60 0.84 26 At.19366 AT1G68110 hypothetical protein
259620_s_at| -1.26 | -1.43 1.30 1.26 6.2 Tam3-like transposon protein
257306_at | -0.84 | -0.79 0.79 1.15 34 At.53591 AT3G30200 hypothetical protein
256940_at | -2.85 | -2.85 2.85 285 52.0 At.36724 | QQS AT3G30720 unknown protein
256300_at | -0.83 | -0.43 043 0.68 2.3 At.24919 NAP AT1G69490 unknown protein
256166_at | -1.03 | -1.01 1.08 1.01 42 At.49945 AT1G36920 hypothetical protein
255414 _at | -2.01 | -1.95 1.95 2.10 16.0 At.54106 AT4G03156 hypothetical protein
254343 _at | -0.88 | -0.55 0.55 0.80 26 At2106 | APR3 AT4G21990 PRH26 protein
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MADS box protein FLOWERING
250476_at | -0.79 | -0.85 0.89 0.79 3.2 At.75671 FLC AT5G10140
LOCUS C
248969_at | -0.61 | -0.55 0.60 0.55 22 At.27375 AT5G45310 unknown protein
248676_at | -0.66 | -0.60 0.60 0.97 2.7 At.29820 | ATSDI1 | AT5G48850 similar to unknown protein
245032_at | -0.80 | -0.74 0.74 0.92 3.0 En/Spm-like transposon protein

4. FLC is highly induced and FT, SOC1 are repressed in bzipl6 mutants under

short-day conditions

Floral regulatory signals generated in the photoperiod, FLC-dependent, and
GA-dependent pathways are integrated by a group of genes called floral integrators.
FLOWERING LOCUS T (FT), SUPPRESSOR OF OVEREXPRESSION OF
CONSTANS1 (SOC1), and LEAFY (LFY) have been identified as floral integrators. FT
and SOC1 integrate floral regulatory signals generated in the photoperiod and
FLC-dependent pathways. SOCL1 is also involved in the integration of GA-dependent
floral promotion signals (Moon et al., 2003). LFY integrates photoperiodic and
GA-dependent signals through discrete cis elements in the promoter (Blazquez and
Weigel, 2000) And RGA, RGA-LIKE2 (RGL2) are members of DELLA proteins which

repress GAs in GA pathway.

To elucidate the role of bZIP16 in the flowering pathways, we employed the
quantitative real-time PCR (gRT-PCR) technique using gene-specific primers to
quantify transcript levels of the major flowering-time regulators CONSTANS (CO),
GIGANTEA (Gl), RGA, RGL2, FT, SOC1, LFY and FLC genes in 18-day-old plants of
wild-type plants, bzip16 mutants and bZIP16 overexpression lines under SD conditions.
According to web-based tool, DIURNAL, we found that time points of the high
expressions of the mentioned genes above is between 4 to 16 hour after light on.
Therefore, we collected the samples of each line at ZT 3, 6, 9, 12 and 15hr after light on,

respectively
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The bZIP16 transcripts were not detected in bzip16 mutants. By contrast, the level
of bZIP16 transcripts in bZIP16 overexpression lines was significantly higher than in
wild type plants. These data demonstrated that all lines in this study were correct (Fig.
4-1). The bzip16 mutants showed the high level of FLC transcripts, low level of SOC1
and FT transcripts. In addition, in bZIP16 overexpression line, the level of FLC
transcripts was reduced and levels of SOC1 and FT transcript were increased. These
data are consistent with the late-flowering phenotype of bzipl6 mutants (Fig. 4-2~4-4).
Furthermore, there were minor different expressions of RGL2 and RGA in the bzip16
mutants, demonstrating that bZIP16 didn’t have an effect on the expression of RGL2
and RGA in GA pathway (Fig. 3-5, 3-6). The transcript levels of CO and Gl in all lines
were similar, indicating that bZIP16 didn’t regulate flowering by photoperiodic pathway
(Fig. 4-7, 4-8). The LFY expression was too low to be detected (data not shown). We

have performed two independent experiments and the results are similar.

In flowering pathways, FLC is in upstream negative regulator of SOC1 and FT.
Our studies demonstrated that bZIP16 repressed the expression of FLC and promoted

the expression of SOC1 and FT to regulate flowering positively.
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Fig4-1 The transcripts of bZIP16 in different plants.

Wild-type (black), bzip16-2 mutant (blue), and bZIP160x overexpression (green).
Eighteen-day-old wild-type, bzip16-2 and bZIP160x line grown under short- day
conditions (8-h light/16-h dark) were harvested at zeitgber time (ZT) 3hr, 6hr, Shr, 12hr
and 15hr after light on for total RNA isolation. White bar denotes the light intervals, and
black bar denotes darkness. qRT-PCR was used to monitor the expression of genes and
UBQZ10 specific primers used as a control for input RNA in the RT reaction. All values
in (Fig.4-1~ 4-8) are means (+S.E.) from three technique repeats.
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Fig.4-2 The level of FLC transcripts was significantly high in bzip16-2 mutant.

Two independent experiments were performed and showed similar results.
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Fig.4-3 The level of SOC1 transcripts was low in bzip16-2 comparing with the levels
of wild-type and bZIP16 overexpression line.

Two independent experiments were performed and showed similar results.
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Fig.4-4 The level of FT transcripts was low in bzip16-2 mutant comparing with the
levels of wild-type and bZIP16 overexpression line.

Two independent experiments were performed and showed similar results.
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Fig.4-5 Except for bzip16-2/bZI1P16 at ZT3, the levels of RGL2 transcripts were
comparable in all lines among time points examined.

Two independent experiments were performed and showed similar results.
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Fig.4-6 The level of RGA transcript was reduced slightly in bzip16-2 mutants.

Two independent experiments were performed and showed similar results.
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Fig.4-7 The transcript levels of CO in all lines were similar.

Two independent experiments were performed and showed similar results.
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Fig.4-8 The transcript levels of Gl in all lines were similar.

Two independent experiments were performed and showed similar results.
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5. bZIP16 directly binds to the FLC promoter harboring G-box motif.

To examine whether bZIP16 directly binds to the FLC promoter, we performed
chromatin immunoprecipitation quantitative PCR (ChIP-gPCR) assay of 18-day-old
bZIP16 overexpression line (Ler/35S-bZIP16-GFP) with wild-type plants used as a
control. In ChIP assays, cross-linked chromatin was extracted and sheared by sonication
to short fragments. And we used anti-GFP to immunoprecipitate the bZIP16-GFP
protein. bZIP16 was immunoprecipitated along with cross-linked DNA. According to
the research of Dr. Hsieh, bZIP16 has G-box-specific binding activity (Hsieh et al.,
2012). Hence, we analyzed the FLC promoter region and found a putative G-box
motif at -255bp from FLC translation start site.WWe used specific primer pairs pFLC and
FLC for amplicons of qRT-PCR to detect DNA binding enrichment of promoter region
and coding sequence. pFLC represents a primer that spans the G-box binding site, while
FLC represents a primer that avoids the ACGT core as a control. Besides, we used

UBC21 as an internal control.

The result demonstrated that comparing to the wild type, the percentage of input
DNA of FLC promoter harboring G-box motif in the bZIP16 overexpression line is 27
times higher than that in the wild type, indicating that bZIP16 directly binds to the

promoter region of FLC.(Fig.5A, 5B ).

G-box
ACET core (-255 from ATG) FLC

pFLC FLC

Fig.5A The structure of FLC promoter

The black line represents the length from 0 to-2100bp FLC promoter.

ACGT core is indicated with green lines.The red line denotes putative G-box motif.

The locations of PCR primers (pFLC-ABI-a-Fw&Rv, FLC-ABI-b-Fw&RV) used for the
enrichment test are indicated with blue lines
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Fig.5B bzZIP16 directly binds to the FLC promoter harboring G-box motif

The binding of bZIP160x to the FLC promoter spanning the G-box was 27- fold
enriched compared with that in wild type plants. The chromatins were extracted from
18-day-old wild-type and bZIP160x line grown under short-day conditions (8-h
light/16-h dark) at ZT12. Immunoprecipitaed DNA was quantified by gPCR with
specific primer pairs for candidate fragments. Amplicons in UBC21 were used as an
internal control. Results from wild-type and Ler/35S-bZIP16-GFP (bZIP160x) were
normalized as percentage of the input DNA. Data are means+S.D.
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V. Discussion

Investigating bZIP16 protein level in different growth development stages of
Arabidopsis, we found that bZIP16 protein was detected more in 4-day-old seedling
under constant dark conditions than in 4-day-old seedling under constant light
conditions. But bZIP16 protein was not detected in dry seeds and 1-day-old seedlings
under constant light conditions. It indicated that cold treatment and light affected the
expression of bZIP16 (Fig. 1-1~1-3). In addition, the accumulation of bZIP16 protein
was higher in buds and flowers. Furthermore, phenotypic analysis showed that bzip16
mutants flowered later than the wild-type plants under long-day (LD) and short-day (SD)

conditions. It reveals that bZIP16 regulates flowering time.

There are at least four flowering pathways in Arabidopsis, namely photoperiod,
autonomous, vernalization, and gibberellins dependent pathways (Mouradov et al.,
2002). The photoperiod pathway refers to regulation of flowering in response to day
length and quality of light perceived. The autonomous pathway refers to endogenous
regulators that are independent of the photoperiod and gibberellin pathways (Koornneef
M,et al.,1991). The vernalization pathway refers to the acceleration of flowering on
exposure to a long period of cold. FLC delays flowering by blocking the transcription of
genes in the photoperiodic flowering pathway. Vernalization inhibits transcription of
FLC. FLC inhibits flowering by directly repressing the key promoters of flowering FT,
SOC1, and FD (Michaels, 2009). The FT, LFY and SOC1 genes act as central floral
integrators (Blazquez et al., 1998; Nilsson et al., 1998; Samach et al., 2000). The
gibberellin pathway refers to the requirement of gibberellic acids for normal flowering
patterns. SOC1 integrates the GA-mediated flowering-time signal with these

environmental cues (Moon et al., 2003). The FT protein and mRNA appear to be the
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flowering stimulus that moves fromleaves into the shoot apical meristem region, where
it evokes the transitionfrom vegetative to reproductive meristem identity (Corbesier et

al., 2007).

During the early stages of Arabidopsis seedling development, bZIP16 represses
RGL2 to promote seed germination and hypocotyl elongation. Through the
transcriptomic comparison of 43 flowering-related genes in wild-type plants and bzip16
mutants and analyzing the expressions of the selected genes CO, CI, FT, SOC1, FLC,
RGA and RGL2 in wild-type plants, bzip16 mutants and bZIP16 overexpression line by
gRT-PCR, my studies revealed that bZIP16 does not repress RGL2 in adult plants. It
indicates that bZIP16 may function differently in  different developmental stages.
Besides, bZIP16 does not affect the genes involved in GA pathway, photoperiodic
pathway, vernalization pathway and autonomous pathway. Therefore, bZIP16 likely

functions independently of the GA and the photoperiodic pathway.

A major role of the genes in the autonomous pathway is to repress FLC expression.
Arabidopsis plants with mutations in autonomous-pathway genes (fca, fld, fpa, fve, fy
and Id) have increased levels of FLC expression (Michaels and Amasino, 1999). Unlike
the photoperiod pathway late-flowering mutants only in LD conditions, the autonomous
pathway mutants are delayed in flowering under under SD and LD conditions but still
respond to photoperiod by flowering earlier in long days than in short days (Mouradov
et al., 2002). bZIP16 represses FLC and promotes the expressions of SOC1 and FT to
regulate the flowering (Fig. C). In addition, the bzip16 mutants show late-flowering
under LD and SD conditions. Moreover, the transcriptomic study and gRT-PCR
analyses demonstrated that bZIP16 does not affect the genes involved in GA pathway,
photoperiodic pathway, vernalization pathway and autonomous way. Maybe bZIP16

participates in the autonomus pathway. But, to date we know that the
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autonomous-pathway genes repress the expression of FLC through
chromatin-remodeling complexes and small RNAs. And the vernalization-pathway
genes repress the expression of FLC through histone modifications. Our chromatin
immunoprecipitation assay showed that bZIP16 directly binds to the FLC promoter
harboring G-box motif. bZIP16 is the first one transcription factor among the upstream
genes of FLC that represses FLC by binding to the FLC promoter directly in vivo.
Hence, bZIP16 maybe belong to a new unknown pathway of its own and function in

parallel of the vernalization and autonomous pathways.

bZIP16

i
/\

FT SOC1

\,
>

—

® FLOWERING "

Fig.C Proposed model for the role of bZIP16 in the regulation of
Arabidopsis flowering time. Arrow indicates promotion and blunt
arrow indicates repression.
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V. Conclusions

Our studies showed the high bZIP16 protein accumulation in buds and flowers.
Through the observation of the phenotypes, bzip16 mutants show late-flowering
phenotypes under both short-day and long-day conditions. According to the
transcriptomic comparison and gRT-PCR, bZIP16 does not affect those genes in
photoperiodic pathway, GA pathway, autonomus and vernalization pathway. Our
chromatin immunoprecipitation assay showed that bZIP16 directly binds to the FLC
promoter harboring G-box motif. It demonstrates that bZIP16 regulates flowering time
by binding to the FLC promoter to repress its expression, which in turn de-repressing
the expressions of FT and SOCL1 to promote flowering. Our findings provide strong
evidence that bZIP16 not only promotes seed germination and hypocotyl elongation
during the early stages of Arabidopsis seedling development but also plays a positive
role in floral induction. We report a novel physiological function of bZIP16 in planta.
Furthermore, our study reveals bZIP16 as a new floral regulator in repressing the floral

integrator FLC via binding to the FLC promoter directly to control flowering time.

The most exciting part of doing research is that we are not always able to predict
the results. However, concentrating on investigation alway brings us unexpected
surprises. At the beginning, we hypothesized that bZIP16 might promote flowering by
repressing RGL2. Although the results are not what we expected, we are lucky to find

bZIP16 as a new floral regulator in controlling flowering time.
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VII. Appendices

Appendix 1

The distribution of bZIP16 transcript in different growth development stages of
Arabidopsis. The expression patterns retrieved from Arabidopsis eFP Browser.
http://bbc.botany.utoronto.ca/efp/cgi-bin/efpWeb.cgi?primaryGene=AT2G35530&mod

elnput=Absolute

1827958 b U GexgM
OR413PMI lm‘

2 sz ez o2 |cIBuSI0G% | .
old scchm 4 v
acchmation \ tair

At2g35530 266634_at  A02iPI6 Arabidopsis eFP Browser at bar.utoronto.ca
Winter et al., 2007. PLoS One 2(8): e718

The developmental map shows that the bZIP16 mRNA accumulates more in seeds,

buds, shoot apexes and flowers.

92



Appendix 2.

Data about the expression level of FT, bZIP16, SOC1, RGL2, FLC and CO

transcripts retrieved from http://diurnal.mocklerlab.org (Mockler Lab, U.S.A)

Time of Day (h)

@ LERS
@ LERS

LER_SD - 266634 _at M LER SD - 267509_at -4 LER SD - 259042 _at % LER_SD - 250476_at

Probe Locus Genome Condition Phase Correlation
FT  264638_at | AT1G65480 | A thaliana | LER_SD 4 0692813 View Orthologs
bZIP16 265634 at | AT2G35530 | A thaliana | LER_SD 21 0549075 View Orthologs
SOCT 267509_at | AT26G45660 | A thaliana | LER_SD 5 0.858959 View Orthologs
RGL2 259042_at | AT3G03450 | A thaliana | LER_SD 6 0.990479 View Orthologs
FLC 250476_at | AT5G10140 | A thaliana | LER_SD 16 0.895611 View Orthologs
GO 246525 at | AT5G15840 | A thaliana | LER_SD 17 0.934655 View Orthologs

Expression Data

16 20 24 28 32 36 40 a4
Time of Day (h)

9= LER 5D - 266634 _a1 == LER_SD - 267509_at -8 LER 5D - 259042 _at =& LER 5D - 250476 _at

Probe Locus Genome Condition Phase Correlation
bZIP16 256534_at | AT2G35530 | A thaliana | LER_SD bl 0549075 View Orthologs
SOC] 267509 _at | AT2G45660 | A thaliana | LER_SD 5 0.858959 View Orthologs
RGL2 259042 _at | AT3GOS450 | A thaliana | LER_SD B 0990479 Wiew Orthologs
FLC 250476 at | ATSG10140 | A thaliana | LER_SD 16 0.895611 View Orthologs

According to web-based tool, DIURNAL, we found that time points of the high
expressions of the mentioned genes above is between 4 to 16 hour after light on.
Therefore, we collected the samples of each line at ZT 3, 6, 9, 12 and 15hr after light on,

respectively
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Appendix 3. Observation of flowering phenotype

Plants and mutants grown under long-day conditions (LD)

Experiment 1

Rosette Leaves 1 (2|3(4|5|6|7/8|9]|10(11| 12 |[AVE|STEDV
Ler 4 (4141414414444 (4| 4 1400 0.00
bzipl16-2 5 15/5/5/5|5|5/5(5|5|5| 5 [5.00 0.00
bzip16-2/35S-bZIP16-GFP| 4 |5|5|5|5| 5 |5/5(5|4|5| 5 |4.83 0.39
Ler/35S-bZIP16-GFP#1 4 (4141444144414 (4| 4 |400 0.00
Ler/35S-bZIP16-GFP#6 4 (44444 \|4/4]4\4|4| 4 1400 0.00
Cauline Leaves 1 (2|3[4]|5|6(7/8|9]|10(11| 12 |[AVE|STEDV
Ler 2 |2|2]2|2|2|2|2|2|2|2| 2 (200 0.00
bzip16-2 312|223 2|2|2(2]|2|3| 2 (225 045
bzipl16-2/35S-bZIP16-GFP| 2 |2 (2|2 (2|2 (2|2|2|2|2| 3 |2.08 0.29
Ler/35S-bZIP16-GFP#1 2 |3(2(2|2|212|3|2|2|2| 2 |217 0.39
Ler/35S-bZIP16-GFP#6 2 |2(2(2|2|212(2(2|2|2]| 2 |2.00 0.00
Genotype Rosette STEDV Cauline STEDV T-test
Leaves Leaves

Ler 4.00 0.00 2.00 0.00

bzip16-2 5.00 0.00 2.25 0.45 1.6922E-40
bzip16-2/35S-bZIP16-GFP| 4.83 0.39 2.08 0.29 1.33374E-05
Ler/35S-bZIP16-GFP#1 4.00 0.00 2.17 0.39 0.338800696
Ler/35S-bZIP16-GFP#6 4.00 0.00 2.00 0.00 0.338800696
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Appendix 4. Observation of flowering phenotype

Plants and mutants grown under long-day conditions (LD)

Experiment 2

Rosette

5161|718 10| 11|12 AVE STEDV
Leaves
Ler 5 450 0.52
bzipl16-2 5/5|5]|5 6 5.50 0.52
Ler/35S-bZI

4 15|14 |4 4 | 4| 4 417 0.39
P16-GFP#6
Cauline

51678 10|11 |12 AVE STEDV
Leaves
Ler 1 1 1.58 0.51
bzipl16-2 1 2 1.67 0.49
Ler/35S-bzI

212112 21212 1.92 0.29
P16-GFP#6

Rosette Cauline
Genotype STEDV STEDV  |T-test

Leaves Leaves
Ler 450 0.52 1.58 0.51
bzipl6-2 5.50 0.52 1.67 0.49 0.00011
Ler/35S-bZIP16-GFP#6 417 0.39 1.92 0.29 0.09124
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Appendix 5. Observation of flowering phenotype

Plants and mutants grown under short-day (SD)conditions

Experiment 3

Rosette
1123|4567 |8]9]10|11|12 AVE STEDV
Leaves
Ler 2324122 123(25|2425|27|24| X 22|20 23.55 1.86
bzipl6-2 |30(35(32|30(33|28| X |32|31(33|33|28 31.36 2.20
bZIP160ox | 2322|2522 | X |21|21|23|22|23|21|24 22.45 1.29
Cauline
1(2|13|4|5|6|7|8]9(10/11| 12 AVE STEDV
Leaves
Ler 7|7(4,5|/6|7(6|8|7|X[4| 5 6.00 1.34
bzipl6-2 |7 (8|98 |8 |8 |X|10/8 |98 6 8.09 1.04
bZIP16ox | 7 |5 |7 |6 | X |8 |7|5]|5|6]|5 7 6.18 1.08
Cauline
Genotype Rosette Leaves| STEDV STEDV T-test leaf range
Leaves
Ler 23.55 1.86 6.00 1.34 20~25
bzip16-2 31.36 2.20 8.09 1.04 2.33E-08 28~33
bZIP160x 22.45 1.29 6.18 1.08 [0.128284334| 21~25
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Appendix 6. Observation of flowering phenotype

Plants and mutants grown under short-day (SD)conditions

Experiment 4

97

Rosette

11213|4|5]6|7|8]9(10|11|12| AVE STEDV
Leaves
Ler 1911512223 (125(24|26(22(29|26|25|22| 23.17 3.64
bzipl6-2 [22|20(23|25|29|26|33|32|39]|26]32 27.91 5.66
bZIP16ox |18 |18 |18 (23|16 23|24 21|16 19.67 3.12
Genotype | Rosette Cauline

STEDV STEDV T-test leaf range

Leaves Leaves
Ler 23.17 3.64 8.00 1.28 15~29
bzip16-2 27.91 5.66 9.00 1.34 3.03E-02 20~39 **
bZIP16ox | 19.67 3.12 5.60 2.50 2.90E-02 16~24 *




Appendix 7. The data of the biological repeat 1 by gRT -PCR

RGA
R1 R2 R3
AVE AVE AVE AVE AVE AVE
hrs (UBC-0.5) | (RGA-0.5) | (UBC-0.5) | (RGA-0.5) | (UBC-0.5) | (RGA-0.5)
Ler 3 20.476 24.426 20.616 24.480 20.487 24.587
6 20.814 26.007 20.692 26.195 20.705 26.153
9 20.024 25.946 20.045 25.894 20.012 25.834
12 20.775 25.048 20.818 25.019 20.690 25.022
15 20.626 25.228 20.664 25.301 20.718 25.213
bzip16-2 3 20.434 24.803 20.417 24.746 20.416 24.739
6 20.731 26.455 20.732 26.471 20.738 26.489
9 20.135 25.868 20.139 25.990 20.127 26.064
12 20.606 24.986 20.638 25.093 20.596 25.104
15 20.462 25.709 20.416 25.791 20.424 25.775
bzIP16/bzip16-2 | 3 20.693 25.645 20.638 25.110 20.618 25.310
6 20.684 26.497 20.685 26.485 20.643 26.549
9 19.515 24.152 19.498 23.932 19.609 23.875
12 20.748 24.969 20.722 24.929 20.957 24.946
15 20.497 24.918 20.545 24914 20.670 24.902
bZIP160x 3 20.290 23.478 20.232 23.274 20.297 23.477
6 20.085 24.382 20.094 24.397 20.132 24.269
9 19.809 25.787 19.969 25.757 19.944 26.120
12 20.650 24.709 20.695 24.759 20.641 24.855
15 20.226 24.425 20.188 24.884 20.220 24.694
c R1-2 R1-3 R1-1 R1-2 R1-3 (R1+R2)/3 |STEDV/\n
ACT(RGA- |ACT(RGA- |ACT(RGA- act act act act SEM
UBQ-ct) UBQ-ct) UBQ-ct)
3.950 3.864 4.100 0.0647 0.0687 0.0583 0.0639 0.0030
5.193 5.503 5.448 0.0273 0.0221 0.0229 0.0241 0.0016
5.922 5.849 5.822 0.0165 0.0173 0.0177 0.0172 0.0004
4.273 4.201 4.332 0.0517 0.0544 0.0497 0.0519 0.0014
4.602 4.637 4.495 0.0412 0.0402 0.0443 0.0419 0.0013
4.369 4.329 4.323 0.0484 0.0498 0.0500 0.0494 0.0005
5.724 5.739 5.751 0.0189 0.0187 0.0186 0.0187 0.0001
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5.733 5.851 5.937 0.0188 0.0173 0.0163 0.0175  0.0007
4.380 4.455 4.508 0.0480 0.0456 0.0439 0.0459|  0.0012
5.247 5.375 5.351 0.0263 0.0241 0.0245 0.0250|  0.0007
4.952 4472 4.692 0.0323 0.0451 0.0387 0.0387|  0.0037
5.813 5.800 5.906 0.0178 0.0179 0.0167 0.0175  0.0004
4.637 4.434 4.266 0.0402 0.0463 0.0520 0.0461|  0.0034
4.221 4.207 3.989 0.0536 0.0541 0.0630 0.0569|  0.0030
4.421 4.369 4.232 0.0467 0.0484 0.0532 0.0494  0.0020
3.188 3.042 3.180 0.1097 0.1214 0.1103 0.1138)  0.0038
4.297 4.303 4.137 0.0509 0.0507 0.0568 0.0528)  0.0020
5.978 5.788 6.176 0.0159 0.0181 0.0138 0.0159|  0.0012
4.059 4.064 4.214 0.0600 0.0598 0.0539 0.0579|  0.0020
4.199 4.696 4.474 0.0544 0.0386 0.0450 0.0460|  0.0046

RGL2

R1 R2 R3
AVE AVE AVE AVE AVE AVE
hrs (UBC-0.5) | (RGL2-0.5) | (UBC-0.5) | (RGL2-0.5) | (UBC-0.5) | (RGL2-0.5)

Ler 3 | 20476 26.714 20.616 26.926 20.487 26.886

6 | 20814 28.726 20.692 28.596 20.705 28.912
9 | 20.024 31.028 20.045 31.438 20.012 30.923
12 | 20775 29.552 20.818 29.283 20.690 29.575
15 | 20.626 28.956 20.664 28.893 20.718 28.911
bzip16-2 3 | 20434 26.682 20.417 26.816 20.416 27.017
6 | 20731 29.177 20.732 29.054 20.738 29.202
9 | 20135 31.820 20.139 31.556 20.127 31.795
12 | 20.606 29.347 20.638 29.817 20.596 29.580
15 | 20.462 29.183 20.416 29.429 20.424 29.524
bZIP16/bzipl6-2 | 3 | 20.693 28.094 20.638 27.947 20.618 27.891
6 | 20.684 28.749 20.685 28.843 20.643 28.719
9 | 19515 30.754 19.498 31.194 19.609 30.955
12 | 20.748 29.683 20.722 30.711 20.957 30.231
15 | 20.497 27.752 20.545 29.407 20.670 29.206
bZIP160x 3 | 20.290 26.621 20.232 26.656 20.297 26.708
6 | 20.085 27.963 20.094 27.960 20.132 27.982
9 | 19.809 30.291 19.969 30.709 19.944 30.213
12 | 20.650 29.383 20.695 29.392 20.641 29.509
15 | 20.226 29.169 20.188 28.822 20.220 28.783
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R1-1 R1-2 R1-3 R1-1 R1-2 R1-3 (R1+R2)/3 |[STEDV/\n
ACTRGL2 |ACT(RGL2 |ACT(RGL2 |, Jact Jact Jact SEn
-UBQ-ct) |-UBQ-ct) |-UBQ-ct)
6.238 6.310 6.399 0.0132 0.0126 0.0118 0.0126 | 0.0004
7.912 7.904 8.207 0.0042 0.0042 0.0034 0.0039 | 0.0003
11.004 11.393 10.911 0.0005 0.0004 0.0005 0.0005 | 0.0000
8.777 8.465 8.885 0.0023 0.0028 0.0021 0.0024 | 0.0002
8.330 8.229 8.193 0.0031 0.0033 0.0034 0.0033 | 0.0001
6.248 6.399 6.601 0.0132 0.0118 0.0103 0.0118 | 0.0008
8.446 8.322 8.464 0.0029 0.0031 0.0028 0.0029 | 0.0001
11.685 11.417 11.668 0.0003 0.0004 0.0003 0.0003 | 0.0000
8.741 9.179 8.984 0.0023 0.0017 0.0020 0.0020 | 0.0002
8.721 9.013 9.100 0.0024 0.0019 0.0018 0.0020 | 0.0002
7.401 7.309 7.273 0.0059 0.0063 0.0065 0.0062 | 0.0002
8.065 8.158 8.076 0.0037 0.0035 0.0037 0.0036 | 0.0001
11.239 11.696 11.346 0.0004 0.0003 0.0004 0.0004 | 0.0000
8.935 9.989 9.274 0.0020 0.0010 0.0016 0.0015 | 0.0003
7.255 8.862 8.536 0.0065 0.0021 0.0027 0.0038 | 0.0014
6.331 6.424 6.411 0.0124 0.0116 0.0118 00119 | 0.0002
7.878 7.866 7.850 0.0043 0.0043 0.0043 0.0043 | 0.0000
10.482 10.740 10.269 0.0007 0.0006 0.0008 0.0007 | 0.0001
8.733 8.697 8.868 0.0024 0.0024 0.0021 0.0023 | 0.0001
8.943 8.634 8.563 0.0020 0.0025 0.0026 0.0024 | 0.0002
FLC
R1 R2 R3
AVE AVE AVE AVE AVE AVE
hrs (UBC-0.5) |(FLC-05) [(UBC-0.5) |(FLC-0.5) [(UBC-0.5) |(FLC-0.5)
Ler 3 | 20476 | 29331 | 20616 | 29540 | 20.487 | 29.334
6 | 20814 | 29496 | 20.692 | 29.466 | 20.705 | 30.084
9 | 20024 | 29664 | 20045 | 29767 | 20012 | 29.839
12 | 20775 | 29317 | 20818 | 29244 | 20.690 | 28.999
15 | 20626 | 28979 | 20664 | 29368 | 20.718 | 28.939
bzip16-2 3 | 20434 | 26966 | 20417 | 26787 | 20416 | 26.878
6 | 20731 | 26984 | 20732 | 27.030 | 20.738 | 26.997
9 | 20135 | 26725 | 20139 | 26705 | 20127 | 26.674
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12 | 20606 | 26505 | 20.638 | 26.441 | 20596 | 26.420
15 | 20462 | 26647 | 20.416 | 26546 | 20424 | 26.422
bZIP16/bzipl6-2 | 3 | 20.693 | 27.606 | 20.638 | 27.683 | 20618 | 27.612
6 | 20684 | 27.807 | 20.685 | 27.860 | 20.643 | 27.321
9 | 19515 | 26.832 | 19498 | 26930 | 19.609 | 27.119
12 | 20748 | 26929 | 20.722 | 27.053 | 20.957 | 27.198
15 | 20497 | 26860 | 20545 | 26926 | 20670 | 26.958
bZIP160x 3 | 20290 | 29605 | 20232 | 29.246 | 20.297 | 29.107
6 | 20085 | 29282 | 20094 | 29320 | 20132 | 29.157
9 | 19809 | 29.889 | 19.969 | 29554 | 19.944 | 29.595
12 | 20650 | 29.962 | 20.695 | 29.908 | 20.641 | 29.692
15 | 20226 | 29.556 | 20.188 | 29707 | 20220 | 29.358
R1-1 R1-2 R1-3 R1-1 R1-2 R1-3 (R1+R2)/3 |STEDV/\n
ACT(FLC |ACT(FLC |ACT(LC | yact yact yact SEm
-UBQ-ct) |-UBQ-ct) |-UBQ-ct)
8.855 8.924 8.847 0.0022 | 00021 | 00022 | 00021 | 0.0000
8.682 8.774 9.379 0.0024 | 00023 | 00015 | 00021 | 0.0003
9.640 9.722 9.827 0.0013 | 0.0012 | 00011 | 00012 | 0.0000
8.542 8.426 8.309 0.0027 | 00029 | 00032 | 00029 | 0.0001
8.353 8.704 8.221 0.003L | 00024 | 00034 | 00029 | 0.0003
6.532 6.370 6.462 00108 | 00121 | 00113 | 00114 | 0.0004
6.253 6.298 6.259 00131 | 00127 | 00131 | 00130 | 0.0001
6.590 6.566 6.547 0.0104 | 00106 | 00107 | 00105 | 0.0001
5.899 5.803 5.824 0.0168 | 00179 | 00177 | 00174 | 0.0003
6.185 6.130 5.998 0.0137 | 00143 | 00156 | 00146 | 0.0006
6.913 7.045 6.994 0.0083 | 0.0076 | 00078 | 0.0079 | 0.0002
7.123 7.175 6.678 0.0072 | 00069 | 00098 | 00080 | 0.0009
7.317 7.432 7.510 0.0063 | 0.0058 | 0.0055 | 0.0058 | 0.0002
6.181 6.331 6.241 0.0138 | 00124 | 00132 | 00131 | 0.0004
6.363 6.381 6.288 00121 | 00120 | 00128 | 00123 | 0.0002
9.315 9.014 8.810 0.0016 | 00019 | 00022 | 00019 | 0.0002
9.197 9.226 9.025 0.0017 | 00017 | 00019 | 00018 | 0.0001
10.080 9.585 9.651 0.0009 | 00013 | 00012 | 00012 | 0.0001
9.312 9.213 9.051 0.0016 | 00017 | 00019 | 00017 | 0.0001
9.330 9.519 9.138 0.0016 | 0.0014 | 00018 | 00016 | 0.0001
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SOC1

R1 R2 R3
AVE AVE AVE AVE AVE AVE
e (UBC-0.5) [(SOC1-0.5) |(UBC-0.5) |(SOC1-0.5) [(UBC-0.5) |(SOC1-0.5)
Ler 3 | 20476 24555 20.616 24.796 20.487 24.777
6 | 20814 24.308 20.692 24.291 20.705 24.417
9 | 20024 24.105 20.045 23.955 20.012 24.320
12 | 20775 25.231 20.818 25.242 20.690 25.235
15 | 20.626 25.582 20.664 25.781 20.718 25.632
bzip16-2 3 | 20434 24.870 20.417 25.181 20.416 25.197
6 | 20731 24.987 20.732 24.796 20.738 24.847
9 | 20135 25.261 20.139 25.232 20.127 25.140
12 | 20.606 25.896 20.638 25.929 20.596 25.704
15 | 20.462 26.395 20.416 26.380 20.424 26.311
bZIP16/bzip16-2| 3 | 20.693 25.205 20.638 25.465 20.618 25.448
6 | 20684 24.230 20.685 24.419 20.643 24.272
9 | 19515 24.603 19.498 24.631 19.609 24.685
12 | 20748 25.659 20.722 25.684 20.957 25.547
15 | 20.497 25.973 20.545 25.982 20.670 25.997
bZIP160x 3 | 20290 23.887 20.232 24.001 20.297 24.034
6 | 20.085 23.187 20.094 23.200 20.132 23.274
9 | 19.809 24.022 19.969 24.267 19.944 24.227
12 | 20.650 24.472 20.695 24,576 20.641 24578
15 | 20.226 24.846 20.188 24.908 20.220 24.938
R1-1 R1-2 R1-3 R1-1 R1-2 R1-3 (R1+R2)/3 [STEDV/\n
ACT(SOCI |ACT(SOCT [ACT(SOCT |, Jact Jact Jact sEm
-UBQ-ct) |-UBQ-ct) |-UBQ-ct)
4.079 4.180 4.290 00592 | 00552 | 00511 | 00552 | 0.0023
3.494 3.599 3.712 0.0888 | 00825 | 00763 | 00825 | 0.0036
4.081 3.910 4.308 00591 | 00665 | 00505 | 0.0587 | 0.0046
4.456 4.424 4545 0.0456 | 0.0466 | 00428 | 0.0450 | 0.0011
4.956 5.117 4.914 00322 | 00288 | 00332 | 00314 | 0.0013
4.436 4.764 4.781 0.0462 | 00368 | 00364 | 00398 | 0.0032
4.256 4.064 4.109 0.0523 | 00598 | 00580 | 0.0567 | 0.0022
5.126 5.093 5.013 0.0286 | 00293 | 00310 | 0.0296 | 0.0007
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5.290 5.201 5.108 0.0256 | 00255 | 0.0290 | 0.0267 | 0.0011
5.933 5.964 5.887 0.0164 | 00160 | 0.0169 | 0.0164 | 0.0003
4512 4.827 4.830 0.0438 | 00352 | 00352 | 0.0381 | 0.0029
3.546 3.734 3.629 0.0856 | 00752 | 00808 | 0.0805 | 0.0030
5.088 5.133 5.076 0.0294 | 00285 | 00296 | 0.0292 | 0.0003
4.911 4.962 4.590 00332 | 00321 | 00415 | 0.0356 | 0.0030
5.476 5.437 5.327 00225 | 00231 | 00249 | 0.0235 | 0.0007
3.597 3.769 3.737 0.0826 | 00734 | 00750 | 0.0770 | 0.0029
3.102 3.106 3.142 01165 | 01161 | 01133 | 0.153 | 0.0010
4.213 4.298 4.283 0.0539 | 00508 | 00514 | 0.0520 | 0.0010
3.822 3.881 3.937 00707 | 00679 | 00653 | 0.0680 | 0.0016
4.620 4.720 4.718 0.0407 | 00379 | 00380 | 0.0389 | 0.0009

CcO

R1 R2 R3
AVE AVE AVE AVE AVE AVE
hre (UBC-05) [(CO-05) |(UBC-0.5) |(CO-0.5) [(UBC-0.5) |(CO-0.5)
Ler 3 | 20476 33.192 20.616 33.112 20.487 33.207
6 | 20814 33.324 20.692 32.819 20.705 32.420
9 | 20024 28.475 20.045 28.293 20.012 28.628
12 | 20775 27.932 20.818 27.970 20.690 27.738
15 | 20.626 27.815 20.664 27.813 20.718 27.851
bzip16-2 3 | 20434 33.113 20.417 32.429 20.416 34.016
6 | 20731 32.953 20.732 32.204 20.738 32.967
9 | 20135 27.578 20.139 27.975 20.127 28.073
12 | 20.606 26.832 20.638 27.430 20.596 27.839
15 | 20.462 28.237 20.416 27.735 20.424 28.002
bZIP16 /bzipl6-2| 3 | 20.693 33.947 20.638 34.094 20.618 33.609
6 | 20684 32.890 20.685 32.969 20.643 32.355
9 | 19515 27.865 19.498 27.969 19.609 28.060
12 | 20748 27.696 20.722 28.037 20.957 27.975
15 | 20.497 28.070 20.545 28.215 20.670 28.370
bZIP160x 3 | 20290 33.612 20.232 33.709 20.297 33.787
6 | 20085 31.320 20.094 31.511 20.132 32.018
9 | 19.809 27.446 19.969 28.001 19.944 28.471
12 | 20.650 27.075 20.695 27.421 20.641 27.743
15 | 20.226 28.035 20.188 27.859 20.220 27.950
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R1-1 R1-2 R1-3 R1-1 R1-2 R1-3 (R1+R2)/3 STEDV/\n
ACT(CO-U [ACT(CO-U |ACT(CO-U yact yact yact yact SEM
BQ-ct) BQ-ct) BQ-ct)
12.716 12.496 12.720 0.0001 0.0002 0.0001 0.0002 0.0000
12.510 12.127 11.715 0.0002 0.0002 0.0003 0.0002 0.0000
8.451 8.248 8.616 0.0029 0.0033 0.0025 0.0029 0.0002
7.157 7.152 7.048 0.0070 0.0070 0.0076 0.0072 0.0002
7.189 7.149 7.133 0.0069 0.0070 0.0071 0.0070 0.0001
12.679 12.012 13.600 0.0002 0.0002 0.0001 0.0002 0.0000
12.222 11.472 12.229 0.0002 0.0004 0.0002 0.0003 0.0000
7.443 7.836 7.946 0.0057 0.0044 0.0041 0.0047 0.0005
6.226 6.792 7.243 0.0134 0.0090 0.0066 0.0097 0.0020
7.775 7.319 7.578 0.0046 0.0063 0.0052 0.0054 0.0005
13.254 13.456 12.991 0.0001 0.0001 0.0001 0.0001 0.0000
12.206 12.284 11.712 0.0002 0.0002 0.0003 0.0002 0.0000
8.350 8.471 8.451 0.0031 0.0028 0.0029 0.0029 0.0001
6.948 7.315 7.018 0.0081 0.0063 0.0077 0.0074 0.0006
7.573 7.670 7.700 0.0053 0.0049 0.0048 0.0050 0.0001
13.322 13.477 13.490 0.0001 0.0001 0.0001 0.0001 0.0000
11.235 11.417 11.886 0.0004 0.0004 0.0003 0.0003 0.0000
7.637 8.032 8.527 0.0050 0.0038 0.0027 0.0039 0.0007
6.425 6.726 7.102 0.0116 0.0094 0.0073 0.0095 0.0013
7.809 7.671 7.730 0.0045 0.0049 0.0047 0.0047 0.0001
FT
R1 R2 R3
b AVE AVE AVE AVE AVE AVE
UBC-0.5) | (FT-0.1) | (UBC-0.5) | (FT-0.1) | (UBC-0.5) | (FT-0.1)
Ler 3 20.476 34.546 20.616 37.570 20.487 35.532
6 20.814 33.247 20.692 33.591 20.705 33.173
9 20.024 33.251 20.045 33.571 20.012 33.748
12 20.775 35.863 20.818 33.929 20.690 33.864
15 20.626 35.170 20.664 35.569 20.718 35.375
bzip16-2 3 20.434 37.477 20.417 35.020 20.416 37.477
6 20.731 35.151 20.732 36.531 20.738 36.154
9 20.135 34.843 20.139 34.785 20.127 34.785
12 20.606 35.228 20.638 34.712 20.596 36.474
15 20.462 38.113 20.416 37.417 20.424 37.387
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bZIP16/bzip16-2 | 3 20.693 33.933 20.638 35.990 20.618 36.160
6 20.684 35.488 20.685 36.463 20.643 35.278
9 19.515 34.631 19.498 33.772 19.609 34.636
12 20.748 34.357 20.722 35.466 20.957 35.243
15 20.497 36.883 20.545 36.588 20.670 36.552
bZIP160x 3 20.290 35.342 20.232 35.197 20.297 35.288
6 20.085 33.573 20.094 32.734 20.132 33.333
9 19.809 34.132 19.969 35.468 19.944 35.178
12 20.650 33.183 20.695 33.621 20.641 33.818
15 20.226 33.256 20.188 33.587 20.220 34.682
R1-1 R1-2 R1-3 R1-1 R1-2 R1-3 (R1+R2)/3 |[STEDV/vn
ACT(FT-U |ACT(FT-U |ACT(FT-U acr acr act acr SEM
BQ-ct) BQ-ct) BQ-ct)
14.070 16.954 15.045 0.0001 0.0000 0.0000 0.0000 0.0000
12.433 12.899 12.468 0.0002 0.0001 0.0002 0.0002 0.0000
13.227 13.526 13.736 0.0001 0.0001 0.0001 0.0001 0.0000
15.088 13.111 13.174 0.0000 0.0001 0.0001 0.0001 0.0000
14.544 14.905 14.657 0.0000 0.0000 0.0000 0.0000 0.0000
17.043 14.603 17.061 0.0000 0.0000 0.0000 0.0000 0.0000
14.420 15.799 15.416 0.0000 0.0000 0.0000 0.0000 0.0000
14.708 14.646 14.658 0.0000 0.0000 0.0000 0.0000 0.0000
14.622 14.074 15.878 0.0000 0.0001 0.0000 0.0000 0.0000
17.651 17.001 16.963 0.0000 0.0000 0.0000 0.0000 0.0000
13.240 15.352 15.542 0.0001 0.0000 0.0000 0.0000 0.0000
14.804 15.778 14.635 0.0000 0.0000 0.0000 0.0000 0.0000
15.116 14.274 15.027 0.0000 0.0001 0.0000 0.0000 0.0000
13.609 14.744 14.286 0.0001 0.0000 0.0001 0.0001 0.0000
16.386 16.043 15.882 0.0000 0.0000 0.0000 0.0000 0.0000
15.052 14.965 14.991 0.0000 0.0000 0.0000 0.0000 0.0000
13.488 12.640 13.201 0.0001 0.0002 0.0001 0.0001 0.0000
14.323 15.499 15.234 0.0000 0.0000 0.0000 0.0000 0.0000
12.533 12.926 13.177 0.0002 0.0001 0.0001 0.0001 0.0000
13.030 13.399 14.462 0.0001 0.0001 0.0000 0.0001 0.0000
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LFY

R1 R2 R3
hre AVE AVE AVE AVE AVE AVE
(UBC-0.5) |(LFY-0.2) |(UBC-0.5) [(LFY-0.2) [(UBC-0.5) |(LFY-0.2)
Ler 3 20.476 33.429 20.616  |Undetermined| 20.487 33.470
6 20.814  |Undetermined| 20.692 35.165 20.705  {Undetermined
9 20.024 39.815 20.045  |Undetermined| 20.012 |Undetermined
12 20.775 33.010 20.818 33.241 20.690 33.294
15 20.626  |Undetermined| 20.664 |Undetermined| 20.718 34.592
bzip16-2 3 20.434 34.581 20.417 35.164 20.416 34.127
6 20.731 35.103 20.732 35.077 20.738  {Undetermined
9 20.135 34.967 20.139  |Undetermined| 20.127 |Undetermined
12 20.606 35.334 20.638 33.503 20.596 34.140
15 20.462  |Undetermined| 20.416 33.817 20.424 33.729
bZIP16/bzip16-2 | 3 20.693 34.199 20.638  |Undetermined| 20.618 35.157
6 20.684 35.040 20.685 35.412 20.643 34.972
9 19.515 35.930 19.498 35.361 19.609 33.646
12 20.748 34.202 20.722 35.133 20.957 35.040
15 20.497 34.508 20.545 35.108 20.670 33.451
bZIP160x 3 | 20290 | 35986 | 20232 | 34839 | 20297 \yUndetermined
6 20.085 33.362 20.094  |Undetermined| 20.132 35.085
9 19.809 35.120 19.969 |Undetermined| 19.944  |Undetermined
12 20.650 35.095 20.695 35.266 20.641 35.123
15 20.226 34.975 20.188 35.232 20.220 34.362
R1-1 R1-2 R1-3 R1-1 R1-2 R1-3 (R1+R2)/3 |STEDV/v¥n
ACT(LFY- [ACT(LFY- |ACT(LFY- act act act acr SEM
UBQ-ct) |UBQ-ct) |UBQ-ct)
12.953 #VALUE! 12.983 0.0001 #VALUE! 0.0001 #VALUE! | #VALUE!
#VALUE! 14.473 #VALUE! | #VALUE! 0.0000 #VALUE! | #VALUE! | #VALUE!
19.791 #VALUE! | #VALUE! 0.0000 #VALUE! | #VALUE! | #VALUE! | #VALUE!
12.235 12.423 12.604 0.0002 0.0002 0.0002 0.0002 0.0000
#VALUE! | #VALUE! 13.874 #VALUE! | #VALUE! 0.0001 #VALUE! | #VALUE!
#REF! 14.164 14.748 #REF! 0.0001 0.0000 #REF! #REF!
#REF! 14.371 14.339 #REF! 0.0000 0.0000 #REF! #REF!
#REF! 14.828 #VALUE! #REF! 0.0000 #VALUE! #REF! #REF!
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HREF! 14.696 | 12.907 | #REF! 0.0000 | 00001 | #REF! | #REF!
#REF! | #VALUE! | 13393 | #REF! |#VALUE!| 00001 | #REF! | #REF!
13506 | #VALUE! | 14539 | 00001 |#VALUE! | 0.0000 | #VALUE! |#VALUE!
14356 | 14.727 14329 | 0.0000 | 0.0000 | 0.0000 | 00000 | 0.0000
16415 | 15863 | 14.037 | 0.0000 | 00000 | 00001 | 0.000 | 0.0000
13454 | 14411 14083 | 00001 | 0.0000 | 00001 | 00001 | 0.0000
14011 | 14563 | 12781 | 00001 | 00000 | 00001 | 0.0001 | 0.0000
15696 | 14.607 | #VALUE! | 0.0000 | 00000 | #VALUE! | #/ALUE! |#VALUE!
13.277 | #VALUE! | 14953 | 0.0001 | #VALUE! | 0.0000 | #VALUE! |#VALUE!
15311 | #VALUE! | #VALUE! | 0.0000 | #VALUE! | #VALUE! | #VALUE! | #VALUE!
14.445 | 14571 14482 | 0.0000 | 0.0000 | 0.0000 | 00000 | 0.0000
14749 | 15044 | 14142 | 00000 | 00000 | 00001 | 0.000 | 0.0000

bZIP16

R1 R2 R3
L AVE AVE AVE AVE AVE AVE
(UBC-0.5) |(bzip16-0.5) |(UBC-0.5) |(bzip16-0.5) |(UBC-0.5) |(bzip16-0.5)
Ler 3 | 20476 25.985 20.616 25.998 20.487 26.311
6 | 20814 26.803 20.692 26.94 20.705 26.896
9 | 20024 26.511 20.045 26.648 20.012 26.591
12 | 20775 26.564 20.818 26.661 20.690 26.499
15 | 20.626 26.576 20.664 26.85 20.718 26.453
bzip16-2 3 | 20434 31.779 20.417 32.431 20.416 32.329
6 | 20731 32.437 20.732 32.086 20.738 32.566
9 | 20135 31.859 20.139 32.493 20.127 32.119
12 | 20.606 30.863 20.638 31.187 20.596 31.242
15 | 20.462 31.319 20.416 31.431 20.424 31.348
bzIP16/hzip16-2| 3 | 20.693 24.787 20.638 24.91 20.618 25.171
6 | 20684 25.014 20.685 25.193 20.643 25.225
9 | 19515 24.77 19.498 24.727 19.609 24.93
12 | 20748 24.964 20.722 25.079 20.957 24.935
15 | 20.497 24.942 20.545 24.921 20.670 25.083
bZIP160x 3 | 20290 24.267 20.232 24.463 20.297 24.563
6 | 20085 23.565 20.094 23.839 20.132 23.945
9 | 19.809 22.966 19.969 23.072 19.944 23.113
12 | 20.650 22.16 20.695 22.384 20.641 22.39
15 | 20.226 21.645 20.188 21.59 20.220 21.641
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R1-1 R1-2 R1-3 R1-1 R1-2 R1-3 (R1+R2)/3 |[STEDV/vn

ACT(bzipl6|ACT(bzip16|ACT(bzipl6 pact pact pact pract SEM

-UBQ-ct) |[-UBQ-ct) |[-UBQ-ct)
5.509 5.382 5.824 0.0220 0.0240 0.0177 0.0212 0.0019
5.989 6.248 6.191 0.0157 0.0132 0.0137 0.0142 0.0008
6.487 6.603 6.579 0.0111 0.0103 0.0105 0.0106 0.0003
5.789 5.843 5.809 0.0181 0.0174 0.0178 0.0178 0.0002
5.950 6.186 5.735 0.0162 0.0137 0.0188 0.0162 0.0015
11.345 12.014 11.913 0.0004 0.0002 0.0003 0.0003 0.0000
11.706 11.354 11.828 0.0003 0.0004 0.0003 0.0003 0.0000
11.724 12.354 11.992 0.0003 0.0002 0.0002 0.0002 0.0000
10.257 10.549 10.646 0.0008 0.0007 0.0006 0.0007 0.0001
10.857 11.015 10.924 0.0005 0.0005 0.0005 0.0005 0.0000
4.094 4.272 4.553 0.0586 0.0518 0.0426 0.0510 0.0046
4.330 4.508 4.582 0.0497 0.0439 0.0418 0.0451 0.0024
5.255 5.229 5.321 0.0262 0.0267 0.0250 0.0260 0.0005
4216 4.357 3.978 0.0538 0.0488 0.0635 0.0554 0.0043
4.445 4.376 4.413 0.0459 0.0482 0.0469 0.0470 0.0007
3.977 4.231 4.266 0.0635 0.0533 0.0520 0.0562 0.0036
3.480 3.745 3.813 0.0896 0.0746 0.0711 0.0785 0.0057
3.157 3.103 3.169 0.1121 0.1164 0.1112 0.1132 0.0016
1.510 1.689 1.749 0.3511 0.3101 0.2975 0.3196 0.0162
1.419 1.402 1421 0.3740 0.3784 0.3735 0.3753 0.0016
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Appendix 8. The data of chromatin immunoprecipitation q-PCR assay
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Input [IP |ACT(IP-input) 28T pve STEDV Templateﬂ/o
24T ratio
Ler PFLC  [24.973|31.992(7.01900100708007| 0.0077| 0.0070| 0.0012 10| 0.077102801
Ler PFLC  [24.943|32.400(7.45700073242187| 0.0057 10
Ler PFLC  [24.932(31.958(7.02600097656250| 0.0077 10
Ler FLC  23.593|30.580(6.98699951171875| 0.0079 0.0106| 0.0028 10| 0.078832186
Ler FLC  [23.716[30.273(6.55700111389160| 0.0106 10
Ler FLC  [23.965(30.182(6.21699905395507| 0.0134 10
Ler UBC21 [25.150|32.7307.57999992370605| 0.0052| 0.0051| 0.0001 10| 0.052262798
Ler UBC21 [24.961|32.619|7.65799903869628| 0.0050 10
Ler UBC21 [24.978|32.5967.61800003051757| 0.0051 10
bZIP160x |pFLC |24.883|27.129|2.24600028991699| 0.2108| 0.2054 0.0053 10| 2.108077352
bZIP160x |pFLC |24.902(27.187|2.28499984741210| 0.2052 10
bZIP160x |pFLC |24.826|27.147|2.32099914550781| 0.2001 10
bZIP160x |FLC  |23.696(28.040|4.34400177001953| 0.0492| 0.0507| 0.0066 10| 0.492408075
bZIP160x |[FLC  |23.834|27.943|4.10900115966796| 0.0580 10
bZIP160x |[FLC  |23.547|28.022|4.47499847412109| 0.0450 10
bZIP160x |UBC21 |25.063(30.977|5.91399955749511| 0.0166| 0.0173| 0.0007 10| 0.165847427
bZIP160x |UBC21 |25.107|30.947|5.84000015258789| 0.0175 10
bZIP160x |UBC21 |24.989|30.791|5.80200004577636| 0.0179 10
Input ~ |IP ACT(IP-input)  [2-ACT  |Ave 2-ACT |STEDV ;‘i?;p'ate

Ler pFLC 24.949| 32.117|7.16733423868815|  0.0070 0.0070| 0.0012 10
Ler FLC 23.758| 30.941)6.58699989318847|  0.0106 0.0106| 0.0028 10
Ler UBC21 | 25.030| 32.648|7.61866633097331  0.0051 0.0050| 0.0001 10
bZIP160x |pFLC 24.870| 27.154/2.28399976094564|  0.2053 0.2053| 0.0053 10
bzIP160x |FLC 23.692| 28.002|4.30933380126953|  0.0507 0.0507| 0.0066 10
bzIP160x [UBC21 | 25.053| 30.905(5.85199991861979|  0.0173 0.0173| 0.0006 10
% % STEDV fold

0.077102801|  0.000230996

0.078832186|  0.000556002

0.052262798|  2.75062E-05

2.108077352|  0.001068391 27.34113

0.492408075|  0.001323541| 6.386384

0.165847427|  0.000135926| 2.150991
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