View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

FRGTH: 10384 HRE B
25 21720081152570 UDC

X B
B+ % M w X
VB FT mRNA 26 55 5 B0 16 R o4
BT

Research on A cis-Element within 7 mRNA that

Determines Its Long-distance Trafficking

& BRI

e L. FE R
+ W 4 Atk RFADF
WXRXBH: 2001 % A
X LR 2011 F A
AT AH: 20115F A

EREREERE
in [ A


https://core.ac.uk/display/41422445?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




BXEFEFAILIREEE A

AN EAZ M AR A NAE FINHR TR, M58 I T
Ko ANAEWRLEIEH S HADAN NG DA BRIV TR, 1)
AE SO DATE 24 57 AW W], IR SRV (TR S50 2
ARG GRATO).

Tk %A SO ( ) R (4D
BT RER, 3RS ( ) WREL () 222 EiSE E
welh, 7E ( ) SR E e, GEELL BT AHE R

A R A DT N BB A PR, ARAT RIS W AR, Al AANERF

ol )






BIRFFAIRCEAERE A A

ANFRE TR AR SE Crp e N RN [ 22 07 2% 8 47 58 it 7
V) SERE Or BRI I RS2 218 3C, JF 1) T2 A1 T B F R e M LAIR AT
FALR S CRLFRAU RN /O, VA AL SCHEN T
(EYSE (L S VINE IV NIV R PNE 2 b VA8 VNG S Y
Tt A e SO B Bt P A TR R RS AT S B LR
FEEC G RS, SR ED S AR Bl it Hee Ty s BRI 2 A0 18 3

=S VAT S

( ) LI ITREA IR 2 B2 W A% E I IR A AL 30,
=i i ] PR s il H 3R A

( ) 2. AR, GEH] BB EAL

G fE L EANAR S NET “ v 7 BUIH BRI . IR A A1 3
Mg B E I TRFA IR L RS e A AR 30, REE TR R

F 2 IR SCREI AT AR S0 A IR AHE ), BRA
HATFEERI RS, ¥EH FIR A

PN (BE4):
F H H






FH BB ceeerrrerernnnneninnnennnnneeneeetseeessateessaessasstee et e s et saessassnassassnesassnasananas 1
ADSLEACT s0+s00s0ssss0ssssenessoncsssnessssessssesssssssssssssssssssnsssansssssessssessssssssassssassssasssses 11
B FE BT cerreesrreesssesssssssssasssssssssssssssasessassssassssssssssessssassssassssassssasissssnssnsis 1
1.1 STERARIE GG R ML voreererssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsisassnsisssssissssssns 1
1.2 REFRAE LG TR erereeressssssssssssssssssssssssssssssssssssssssssssssssssssisstasassssasssssassssssasssssnss 2
1.3 TR TFFERBEIR cvvevereesersssssssssssssssssssssssssssssssssssssssssssiasiasasssssssssassssssssssssssssssssns 3
1.3.1 AW T IS T IS AR AT woevveeeresresessmienseie st 6
1.3.2 BRI R T coeereeeees ettt 10
1.3.3 BRI TR -veveeereresresessesessessmsesstseis sttt 11
= 5 Ly o e 12
2.1 SEIEHTEE crevereesrsessssssesssssisnsssisesissssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssenes 12
D11 REMIM L v eeeeesime st 12
D12 TERR G JETIE ++evervrees et aneerese et 12
D13 TEBER T oerereestnesemsessts ettt 12
L B e 13
D15 B FH VAT -oveereereeressesseseesee st 14
D16 N B et 15
2.2 SEIBFH TR crvereesresssssssssssssssssssusssssssssssssssssssssssssssssssssssssssssassssssssssssssssssssssssasssssnes 16
221 ARG TE S HRAE +oevrveeereeeereese et 16
D02 TSI A ++oveevseesesessesesei e 18
D23 TG A TSI A ++eeereeeereeeeeie et 24
DDA LI FT VS eevreeeesesseses sttt 24
225 FIRERAK 358 HA-FTm IR TR -+ereereeeeresemsesnmesniestsns e, 27
2.2.6 TG IFHEAY, T IR TR - ovreereeressessmsemeeseissi st 28

2.2.7 355:HA:FTm HSP:HA:FT:GFPm ft-10 753 KRR PGS S LR



2.8 FEREE FEE A FEE BN 2T weovreererersesenses ettt 29
e = e e 31
3.1 FT ERS FTmRNA 15 EBE TR EE B ST ARy -oveveereereeresnssnsensensensessssssssssssanees 31
3.2 FTmRNA $a S IE B4 15 B RTEAE I TTAE -oeveveeeeseormsssessssessnsensassasensusensens 32
3.2.1 35S:HA:FTm HSP:HA:FT:GFPm fi-10 5 R AR PGSE S e &AL 32
322 358-HA:FTm ?\ﬁ”%ﬁﬁﬁﬁﬁgﬁ@*@@ .................................................. 34
3.2.3 35S:HA:FTm HSP:HA:FT:GFPm fi-10 $5FE KRR ARG oovvveevvennenens 35

3.2.4 35S:HA:FTm HSP:HA:FT-GFPm ft-10 Z5\# 3L HE A S T A6

FETR e 37

3.3 FTmMRNA TELIE IR _ cooveeeeereeesrnsrensensnnsnniiinninninninniiininsensnssncsnssncsncsncns 39
3.3.1 EREBEEE R T BI LN cvoreererrereerese s 39
3.3.2 FTMRNA BN TP JTTIH eeereveeenneesiiii i 40

3.4 K8 Hd3a 1E FT BORE1REE 7] LUBEH @ T+ LR S ROEET ooveeeeeeene 44
3.4.1 JKFG Hd3a LR R HL G TR 28 e 44
3.4.2 Hd3a mRNA 5 FT 5 PN H B2 G IFAL -ooeeeereeesemenmeee 44
1L = i B e 46
4.1 FTmRNA F1 FT EE BRI G VISR TFTERT [B] ooreereeereeereercesecsecsacsnnnns 46
4.2 FTMRNA ZEPIJE R BYTERL cveeveereereersereeressessensensansaesaesaessecessessansassassnssncsnsanes 48
%_:E_E EE EREIE eecrecnrncnnnnnnnnnneicnnicnaicnancnncsncsatssatsatesatesasesasesasssasenns 51
SR YLK ovveererrernssnssnssncsncsnesnisninninnisninnisisisisisisisisissssssssssssssssnens 52



Content

ADSEract(CRINESe) s+oesesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans I
ADStract(English) «+sssseseseesusessessnsesussnsessuosusesuesasensuesnsessnsssessussasessnsessosens I
Chapter] INtroduction sw+s+ssssssssssssessessusssssssusssssssusssssssnsessnsasessnanisesionssess 1
1.1 Purpose and Significancess s +sssssssrssrsersersersesesessssssssssssssssscsenionisnssisensnisssssassens 1
1.2 Arabidopsis thaliana as a Model Plants-+-sssssssessesserssrssiscisssisrassssiasensassssssssens 2
1.3 Overview of higher plants flowering:s-+s-sssssssessesssisrssscsossisnsensessenssssssssansas 3
1.3.1 The pathways regulating plants flowering -+« «:+ s sessessessesseissisississinnnn. 6
1.3.2 FlOWET ©VOCALION -++++++++++++erreessrresserssseesisraniiantsastessssenseessseesseasseesseesneennnas 10
1.3.3 Floral Organ fOrmation -+ +ssssessssseestsismssessessiistissississiisis i 11
Chapter2 Materials and methods - +:-+ssssssssssessuscssessuscsessusessssnscsssssnss 12
2.1 Materialgessssssesssscsrsessssees RN ecceeccscessascssssssrssssosssasessassonssssassonsessassosssssass 12
D 1.1 Plant Materialg - -+« - -ssssersesrsesreersrassesiesiiatesteesttetestee s et et sbe et sse e 12
2.1.2 Bacterial and plasmid materialg -+« ++++sessessesssssssessessmsisnininiiiisiiiiins 12
2.1.3 MIIN TEAEILLS ++++++++++++s+sessessems ettt 12

D 1.4 MIEAILIITY -+++++vveerreessreesneeeseessseeiseest e et e st e et e et e et e e b e e te e et e e teeebe e et e e aeeeanas 13

D 1.5 SOLULION -++++++esveerreerrrersesssesseesseatestt et et s st et e et e ettt e et et ettt be e nes 14

2 1.6 MAIN INSEEUIMENES -+++++++++sreersererreessrasseesisrenteenteeitteeteesteesbeeeteeeseeereeesseeaeas 15

2.2 TeChIIQIOY +++++rsserserssrssessessersarssessensersssasessensersssssessensensasssesssssenssssssasensanssnsssssenses 16
2.2.1 Plant technology -+ + s+ sssessessessssssssistisississiisi it 16
2.2.2 Nuclear acid teChnology « -+ ++s+ssssssssessessesssississississiistisi e 18
2.2.3 Protein teChOlogy ++ s ++sssessessessusssstssissississis ittt 24
D04 IMIETROMS +++++++++++ssresressserseensrassesteete et et ettt ettt et sb et b e aeea s 24
2.2.5 The conStUCtion OF 35S HA:F T -+ r+ererresreeesressreesreesierasieenisenseesssenseeennes 27
2.2.6 Screening of tranSgenic PIANLs -+« +sswssesersssssessesseissitissiisiisiisiiiee 28

227 Heat ShOCk experlment ............................................................................. 28



2.2. 8 Sucrose gradient ultracentriﬁlgation ........................................................... 29

Chapter3 Results and analysis «s-sssssssesesserssrssessessenssrssssessensenanssssesaens 31

3.1 FT protein and F7 mRNA traffic together for long-distance trafficking----31

3.2 A cis-element within F7 mRNA that responsible for its long-distance

trafficking 32
3.2.1 Heat shock experiment on35S:HA:FTm HSP:HA:FT:GFPm ft-10--+---=-+ 32
3.2.2 The constuction of N- and C-series of 35S:HA:FTm ---wwo-veeerneessnrcesieceeee 34
323 The COHStLlCtiOH Of tranSgeniC plants ........................................................... 35

3.2.4 Phenotype of 35S:HA:FTm HSP:HA:FT:GFPm fi-10 transgenic plants

Subjected t0 heat Shock treatment -« - - xoeererrerreermrmnererreieiiiiiiiieeeeeeaees 37
3.3 Localization of FT mMRINA to ER  crereeererrernmmmiiniiiiiiiiiiiiineenne 39
3.3.1 Sample analysis by Sucrose gradient ultracentrifugation «««-«-«sssseeeeeeeees 39
3.3.2 Localization of FT MRNA t0 ER «ereeeeeeeceeimmiiniiiiiiiiiiiiiiiiine 40

3.4 Hd3a in rice as a homogenous gene of FT can regulate signal transportation
in Arabidopsis thaliana «:-sscsescecisscnscnmssnsinninsiissisissstsisssissstssnssstssasssisasens 44
34.1 IntrOdUCtiOIl 0fHd3a in riCC ....................................................................... 44
3.4.2 Hd3a mRNA and FT protein can traffic together to shoot apex for floral

induction ............................................................................................................. 44
Chapterd DisCUSSION «+sesesesssssecscssususcscnsisccnustscsssustscssasustscsasastcssasasens 46
4.1 FT mRNA and FT protein act together to regulate flowering time -+ 46
4.2 Localization of F7T mRNA to ER 48
Chapter5 SUMMAry and QUtlOOK s +ssssssssrssssssssssrsssussrsssussssssussssssssssass 51
REFEIEIICES *++osssssseessseseeccssssssssrrarsssesssssssssssssasnssassssssssssssssnsssssssssssssssssannnssss 52

Acknowledgement oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 57



i E

S RI AR TS e T8 o TR AR K I AR B AR K I AR o FF RS 3 A AR
K 35 A% ] 7 RS FRERBE IR 1 P O R . K H BRI LR T (Arabidopsis
thaliana) "', Flowering locus T (FT) 32t 5% S I {Ei@teh — NEE WA 1.
K H AN, W )RR A M 4 W 1K) FT 34 CONSTANS(CO)UR o 152292,
FT f A 53 NF Flowering locus D (FD) %54, $R)5 i FT/FD 05 R A
SOCI M APETALAI (AP1 WK 3 T 46 IX U] FT £ H /5 FT mRNA
Ry I B ) B 22 N5 2 PR . ARSI = O TR IU 25 R ] FT 42 A
FT mRNA 2P} [A] A iz i 212521 1 o

AR, A RS 5 KK HA:FT:GFPm( MR m &R
GFP JEABIPE) LG RGeS 39T 48, nREDCY HACFT AR SR
HA:FT:GFPm mRNA P} [FJ3-AT K ER B2 5. 76 HSP:HA:FT:GFPm ft-10 %% 3£ HfH
WA FEIN FT SERAREN HAFTm @haE M, W HAFT &5 HAFTm
mRNA 7EHF T R IE 5 0T UL BE (1 B P [R)3z i 3 22 2 1M 75 5 P 4k
FEEFERN b FRATTE— 2P 51X HA:FTm fil & FE DR SRR ¥ FT DR 43 ) AL N 3 B
C tif— R FI M, DL FT mRNA K BH S s e oot . of
FUaE RARW], FT mRNA AT IR v LE S S /E N Tk |, FT mRNA
C A 100 k3 & — ANl FTmRNA 7E A 5 R 52 0 55 K B 2812 I
AAEH e

KeHE: FTmRNA; WM, #iz; it






Abstract

Abstract

In higher plants, floral induction is a critical transition from the vegetative stage
into the reproductive stage. It is regulated by both endogenous genetic factors and a
variety of external environmental factors. In long-day plant Arabidopsis, Flowering
locus T (FT) is an important factor in photoperiodic pathway that is engaged in floral
regulation. In long days, F'T gene is activated by CONSTANS(CO) in leaf. And then
in apex, FT protein interacts with a transcription factor FD and activate the expression
of a floral meristem identity gene APETALA1(API). This suggests that the products of
FT (FT protein and/or FT mRNA) might move from leaf to shoot apex and induce
flowering. According to acquired results within our lab, FT protein and 7 mRNA are
supposed to transport along with each other from leaf to shoot apex where they trigger

flowering.

HSP:HA:FT:GFPm ft-10 transgenic plant in which GFP is not translatable was
not triggered to develop visible flower buds after single-leaf heat shock treatment.
The possible reason is that HA:FT protein cannot traffic long-distance together with
the long HA:FT:GFPm mRNA from the heated leaf to shoot apex. When the HA:FTm
fusion gene in which FT is not translatable is introduced into HSP:HA:FT:GFPm
ft-10 plants, HA:FT protein and HA:FTm mRNA are able to traffic long-distance
together from heated leaf to shoot apex and induce flowering.

We made a progressive deletion in untranslatable FT region of 35S:HA:FTm
construct from N terminus and C terminus respectively, and further introduced these
constructs into HSP:HA:FT:GFPm ft-10 plants. The rationale is that the long-distance
trafficking of HA:FTm mRNA would be disabled when the cis-element responsible
for long-distance trafficking was removed. Our genetic and molecular evidence
suggested that 7 mRNA localization to the ER is independent of translation and the
C terminal 100 bases of the F7T' mRNA coding sequence is responsible for directing

FT mRNA to the ER membrane and long-distance trafficking.

Key words: FT mRNA; ER; Long-distance trafficking; Flowering
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