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SUMMARY

Title: Modulation of cellular ABA levels by AtBG isoforms and its application in
plant biotechnology

In a previous study, we discovered a novel mechanism for increasing cellular ABA levels.
AtBG1 can hydrolyze ABA-GE, an inactive form of ABA, to ABA in vitro and
overexpression of AtBGl in Arabidopsis can give enhanced resistance to NaCl and
dehydration stress. In this study, we tried to apply the effect of AtBG1l that generates
ABA from ABA-GE through hydrolysis reaction to crop plants such as rice and brassica
to see whether we can recapitualte the effect of AtBG1l overexpression on these crop
plants and whether we can generate transgenic rice and brassice that are resistant to
dehydration and NaCl stress. Indeed transgenic rice and brassica expressing AtBGIl
displayed NaCl and dehydration stress resistant phenotype. In the case of brassica, among
total 109 transgenic lines, we selected 12 lines with the results from protein expression and
agricultural characterization. By comprehensive analysis of experiments such as molecular
biological analysis and agricultural characterization during progression of generation, we
selected two transgenic lines, #2802 and #2903 as "EVENT”. The EVENT is a term that
mention for transgenic line selected to experiment of risk assessment to get authorization
of cultivation for genetically modified organism (GMO). One of two events was already
used to environmental risk assessment experiment at other project. The EVENTS will be
registration to new varieties after the experiment of risk assessment. The EVENTS should
use for the production of biomass and the prevention of desertification. In addition, we
1solated and characterized another gene, AtBGZ2 that hydrolyzes ABA-GE to ABA, thereby
increases cellular ABA level. AtBGZ2 localizes to the wvacuole at high molecular weight
forms and its level was increased upon dehydration stress. In an effort to isolate new
genes involved in dehydration stress response, we characterized E3 ligase and UGT. These
genes and the action mechanism of these genes can also be used in generation of

transgenic crops that display enhanced resistance to dehydration and NaCl stresses.
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Table 1. Osmotic and dehydration 23S 9Jsted HF A%

Line number Homo Wild type
1 70-1 70-1-1 70-1-10
2 70-3 70-3-5 70-3-9
3 70-22 70-22-1 70-22-4
4 70-23 70-23-2 70-23-12
5 70-24 70-24-2 70-24-15
6 70-25 70-25-1 70-25-15
7 11-8 11-8-1 11-8-18
o salt®} Osmotic stress o] T3+ A ZA}

2 AT A= salt stress®t dehydration stressell tgh ujAd
NaClS A3}l dehydration stressE 91394+ mannitolS ©]-&3tATh 18al ol&

S ZANSIY T Salt stressE+

plantoll 3 stress A3 Aoz wjRdA 3ot

oA 27
Salt Stress condition
: OmM, 100mM, 200mM of NaCl

Osmotic Stress condition
: 0mM, 200mM, 300mM of Mannitol
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2 ABG29 U7 S} 54 FHE BB BEAEA A
AtBG2 #37+¢] localization¥} ABA-GES #3fdt= w82 12 drel d7E F
w22 AE A= o] FHA7F mutation©] ¥ atbg2 mutantol] A1) ABA levelS &
AT TheFst tissuedl A Ao seedol A F U significantdt WstE #EAE S
o} Seed tissued| A= wild typeell HIEHA 2F 90% HE°] ABA levelS E T 18jal
< ABA level2 AtBG2E complementation$t transgenic lineol| Al THA] wild typed} #-2 level
2 ZolFS AT (¥ 15). T8 AtBG27F NaCl ¥ ABA signaling pathwayol] tjgh <3
&S atbg2ol A luciferase activityE  ©]-&3st] oAl ISt o] F3A ABG27F
mutation¥ 1S W NaCl ¥ ABAC] W3l A defectivedtth= A& AT 4 AU (ZF 16).
o4  AtBG27} Al W ABA levels ZH3IT= 25 AJNT 4 AATH EIF ABG27}

o]

ABA ngigDW

14

12

100

= B =B = =

Lom LI} athyl

1% 15. atbg2l A1) ABAY T% =4
Wild type, atbg2 % complemented atbg29] plant®] ABA T=& =43tk 71 23 atbg2
mutant®] A oA °F 90% HES] ABA levels EYS & 4 Ut
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19 16. atbg2 mutant lineol| A 9] RD29-luciferase gene®] luciferase activity



Wild typd 7} atbg2®] mutant lineollX] NaCl ¥ ABAE A 2|3 ¥ luciferase activitygs =73
3tk 21 23 mutant plantol| A luciferase activity”} Sl eSS & 4 Aok

AtBG2 Expression Test

100uM ABA

19 17. Induction of AtBG2 by ABA and NaCl
Total RNA was purified from Arabidopsis plants grown for 2 weeks and used for RT-PCR
analysis using the indicated specific primers. RD29 and 185 rRNA were used as positive

and internal controls.

o]oj Al AtBG2e] Wd-S ZAFSHZ] $3Fe] AtBG2:GUS constructE A|Z35tal oS A A3
s =]

3l transgenic ArabidopsisE RHEI ©o|ZFE AtBG2e] WId XZAS IARIEH. T1
generation®] seedling % ¢, ¥g T& X-GLUXSZ @Aste] od x2S FRlsttt. 18

1794 R vle} o] ZHFAE seed®] 9o+ axial buddt FE2= FE9 Eo|xo=g

Lol AT o] 2AL ARo] BVl Yee 208 oivtk Jhwoly =29 EAd tis)
3ol

A RZEsHAl whgshe 2 o] 7] wjiol ABA ¢ A 8% 94T & Aoz AU
ol o 2o BHo] HIY 53] B Ao vein EHANA EHo] FHA YELH
TS BEoA WEHe] HE #ET F AT olE T3l AtBG29] wdo] ABAY A
o] =2 A TEHS A F AJgT E=3F ABG22] 2] dehydration stressoll
wehd Eolxe AFE AU (¥ 18). o] PCRS E3AH Loz ZAEd dA3ta 3l
th o]E B3lA AtBG29] o] ojn] E AFHeA AFE AtBG1H fFAISHHEAME EE| e}
2 A A Bl 2o]E Hole ALE AAHII
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19 18. AtBG2:GUSY] transgenic ArabidopsisollA19] AtBG2e] & A}

AtBG29] 7S 37l A3kl atbg29] mutante] X AP S AFSIATE  atbg2-13
atbg2-22] F 7}¢] alleles ©]&3t NaClol tig TAFS A3ttt 125 mM€] NaCle] )
= MS platedl A mutant®] 7S wild type plant®} HIn3}IHA T 1 A7} atbg2 mutantE 9
A7 o] Aags AT 4+ AUt o] E3NA AtBG2 7F NaCl stress WH-ol] #d3ltt= A
= T F AV 53] o] AFS HusS W 2 Aoyt BEsHA =eds #E
T ATk o= A A< NaCl stress senstive phenotype®] 3sfufoltt. 12]a o]t AHE T
gRl13t7] f1asilA AtBG2E 355 promoterE AEd FAAEF vectorE: THEI ©]E atbg2-2
mutanto] =93] AtBG27} overexpression H& 7o oW AP S YU =AE 2l
Aot 1 A3 AtBG2/atbg2-2 transgenic plant’} NaCl stressol] thallA] 23|78 wild type Rt
o AFAPS UdedS T F AAT (3" 19). o]l= o= AtBG2E strong$t promoter
%l 355 promoterE AM&3tA 7] wWlFo] wild type plantol] A9 AtBG29] WIHETOE T =7
THgo s st Yethue= d/dolzt A ET

athg2-2 AtBG2:HA/athg2-2 Col-0

19 19. AtBG2, atbg2-29} AtBG2/atbg2-2¢] 125 mM NaCl plates] A1) 4% 15
Al FFe AES 125 mMo| E3HE MS v A plantdt & A& A4S vl

o]o] A o] AtbG2 9| 715& © AFsY] 95k AtBG2/atbg2-2, atbg2-2 I} wild typedl
th gt dehydratin stress response® A3}t ©] W] dehydration stress responseE X 7] 9|
A seed out-puts HlATh o] 2E°] flowering stageZt*| AESIAS W o ol &

RS
= THESA R AL TIE F ol HE0] ALEE seed] A F= WIS o] £



stoll Al A 2] out-pute] wild typed] A5l 15%2 F°] & R AT atbg2-29] 5o+ A

A7F B A FATE WA AtBG2/atbg2-29] 5ol 28% = A ] AJito] AAF] o=
AE #HFET = AT (™ 20). ol= AtBG27} 53] seed FA Al7]el dehydration stressol
A AFEe HEHES oo Ft= As ov|dith
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400
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19 20. Dehydration stress ¥-g-oll thdh AtBG2e] &
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AtBG29] EHH-S AtBG27} ABAS AAd T2 d38S & oz AYHA At o
24 AtBG27F ABGIZH ol ABASl Aol mefsheAE el A in vitrodl A
AtBG27} ABA-GEE ABAE 7Misldte 580 A=AE Fstaa st o5 st
AtBG2:HAE protoplastol] /] F&A] 713 ©] & anti-HA antibodyE ©]-83}]
immunoprecipitation”] -5 ©]-&3slo] Eefstal o]F o]&ste] ABA-GE hydrolysis activityS
=239t} o9l e WMoz 3 A AtBG27} ABA-GEES ABAE 7}-E3stE 3o 9
o AL 98T (28 21). o] AtBG27l ABGIH 2L FA 75S zte duldgle
AAshE Aol EH AZUelA ABA-GEE ABAZR 7}5EsslE 471 o871R
isoforme] EASE AL AE2 FHANUT. ABG2e Eaoel BAEE v FlaA
ABGLS 23t E*«l Q=g vlwstdeh 2 A3 ABG29] ABA-GE 713 @
AtBG13 A e frAlstthE gl 5 A

mﬂ

o
=

S

A PR - S—
Can ARG2:HA

7D — - oA

privol e min

I
ool emin
- B ¥ E
S 4

ABGZHA

138 21. AtBG2¢] ABA-GE 71533 84 459 =4 2 AtBG1H<¢ A% v

El



AtBG2HA % AtBGL:HAE protoplastel]l ¥& A7l ¥ anti-HA antibodyE ©]-&3l #&35tH
o} 283 o]l EEHE AtBGl¥ AtBG2E |83} in vitroolA] ABA-GE$} incubationd}<d
ABA-GE9| 7tEe A=E &8t w8 § ABA= HPLCE ©|83l ABA fractions
gtH3lal o] & anti-ABA antibodyE ©]-&3to] A &3ttt

AtBG19] 799+ ERCl EA|3tHA ABA-GEE ABAZ 7[4-E3st= Aoz vaig. o
2 AtBG29] AlEUe] oW AT EAst=AE FlstaA St AtBG2 A
N-terminus®] hydrophobic signal sequenceE 7}A3L QJ&= o] FA=ATE 3HATH AtBG1H
%] ER retention signals 7FA1L UA= F*th @Ebx ERZE targetingo] ¥ 7]= 3sFAIRF ER
o MEA &S Ao AFHAG. AtBG27} targeting®= = A E o] 47|dS &Qletr] 9
A AtBG2°ll GFPE taggingstHY HAE taggingst®] protoplast®} transgenic plantol] 4o} <
g g1ttt 1 Ay AtBG2= vacuoledl targeting®+= A-S FASAT (LH 22). 1
11 biochoemcial levelol| 4] &<213}7] 93l A central vacuoleS E8]3le] @l &S Western blot
o2 #lg 7*‘Jﬂr Al vacuoled] EAsh= A& FAL 5 U

AtBG19] 7-F-°l= dehydration stress Al high molecular weight forms TrHS 2 <13
o &9 % T2 Eole ASE HIUHAJT (Lee et al, 2006). AtBG2S 7%
dehydration stressol]l W& &4 WIS #FASIAT. FHIFALE ABG2E A& /‘47@«] A7
ZAAE high molecular weight formo 2 EAgtt= AL At il FHFAE
dehydration stress3}ol Al protein®] levelo] F7}3th= AS AT = 3 ME‘r (L™ 23). 9]
+ AtBG27} vacuoled] EAJ35t7] wjiEol = proteolytic activityell =F5o] A& A= FF
=™ o] tgt protection mechanism® 2 single molecule®Z &32)|3}7] EE]-L high molecular
weigh form©oZ Ex|st= o] o FgHolgte AEFS 3HA &l FAeH FAle
dehydration stress 3}l A+ vacuoledl A] AtBG2%] degradations [tolA] protein® level S
ol WHor A Tl ABA levels =ol=H 719d Alw AAHT wEhA
718 54 BHAl AtBG29] &4 =4 o] ndHAT= THES Ale 7 A
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29 22. AtBG29] vacuoled] localization



A. AtBG2¢] GFP ¥ HA tagging construct®] schematic presentation.
B. Transgenic planto] 4] &] AtBG2:GFP¢] localziation ¥ Western blot analysisE &3¢ @& 7

==

o .

C. Vacuole& E¢

%

% Western blot analysisE &3} AtBG27} vacuole EAETS ASE
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19 23. AtBG2 9] high molecular weight form®] &<}
dehydration stress®l]l W& level® 7}

A. Total proteing AtBG2 transgenic plantolA] £2% F gel (filtration column
chromatography & ©]&3te] #&|gt & 7} fractionS anti-HA antibodyZ Western blot

analysisE 33} th.

B. Dehydration®] &3l AtBG27} stabilization®S <2137 935t AtBG2e] 10 A]7+<]
dehydration stressE = ¢l total proteing 2|3t Western blot analysisE 33T
olm controlZ ER protein?] BiP$} vacuole protein®l AALP®] levels #©o| S 3tA T

AtBG1ol 2] ERo[A 2] ABA AJ2Ho ©o]o]A vacuold] EA3}= AtBG2E 53+ ABAS] A
A A EoA oE A ABAE A=A digh 22 AES AVISHAT AF7HA ABA
o] A4k chloroplastE %3¢ de novo biosynthetic pathway’} 8 Ao Z AZEH AT} 1A
ks T OE pathwayE 53 ABAS WA AMEUeA thekst WH o= ABAE A4S
T S Yu|stAl H Atk wetA] atbg2-2 mutant?} AtBG29] transgenic plantel 4] ¢
de novo biosynthetic pathway®} ABA degrationo] #oj3st= EAE9 FHAES T3 ¢

< A8tk 5 NCED99} ABA2 ¥ ABA dehydration pathway®ll #i3}= CYP707A1<]
=]

U FAS RT-PCR 71H S o] &3t HlustAT. 1 23 atbg2-2 mutant] A= NCED9<]
o] 150% BE A Yi o™ AtBG2 overexpression linedl A= 23|38 wild-type

plantd BT A Yo RS #AAT —’F A3
mutantol| A= Fdo] wild typeoﬂ ARG FA Y231 AtBG29 overexpression plantd A& =

A doe RS AT = AT (T F 24). ol= AE MEAdA ABAY leveldl biosynthetic
A3 coordination ¥l oSS HEWE TvE2s 2

Itk wbEe] CYP707A19] %ol atbg?

pathway®} degradation pathway7]—
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19 26. atbg2-2 mutant®} AtBG2/atbg2-2 transgenic plantol A1 <]
ABA biosynthetic and degradation pathway -fd2F¢] o4& B
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3. ABA-GE level Zd& #% FAA cloning® §4 7%.

ABA-GE9] levelo] ABA level®] ZZd Ao A T8 ek
o} webA A& A XEo A2l ABA level S AAE w3z Q9T ABA
UTP glycosyltransferase (UGT)2} W E F+Hd24E FESAT. (
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19 28. UGT9] close family member& ] Phylogenetic tree
UGT71B6= ©]F] UGT &4¢ Yelle Aoz Hurl ® FAe]H o]9} closest homologs
1 UGT73B3 ¥ UGT73B1°ll tigt 9175 53 ol U

olojA o] A=<l ABAS] W3 responsivedt frHAAEINAE &Q1t7] fsiA ABAS

At o5 FHALY TH mA= dFS AR 2F o] EF ABAC] responsivedtth

E AL AT (2Y 29). A o] FolAM UGT73B1°] 7Hg ABA°] 3l sensitivity
b ESS ¢ 5 e, UGT71B6$t UGT73B3E HIS=3E leveld] ABA sensitivityS EFL
Aok spARE 7] F@S UGT73B1o] 7P w@e BHdS Rt ol& B34 ol FxA7t

codingdl= T Ao] ABAE glycosylationdl] ABAE ABA-GEZ TE 7}sAdS AlASHYATH
Al&3te] ©]&9 physiological roles AF317] HaliA ©olE FHA7F knock-out® mutantE
screening3t AT SFAIRE ©@=S 2 knock-out® mutant 53 phenotypes YUERNA 2%
o IR olvtm §ARSE A F N7 § 7] wiEolet AZbE A

Oh 0.5h 1h

UGT73B1 = 0.86Kb
UGT73B3 n 1.44Kb
RD29A = 0.52Kb

19 29. Induction of UGT isforms by ABA



Arabidopsis plants grown for 2 weeks in liquid medium were treated with ABA for 0.5
and 1 h. Total RNA prepared from these plants were used for semi-quantitative RT-PCR
analysis to examine the induction of UGT isoforms. RD29 and 185 rRNA were used as

positive and internal controls, respectively.
o] @A Al Jl9 isoforme] M XU localziationS TH3}7] #1814 UGTS C-terminus
o] GFPE fusiond}®] chimeric construct® THE©] protoplastdl Al #&HA]A localizations 3%

#rl4d B protein fractionations 1= &3t I Ay ol5 A @A BF A2
of EAFE FAstgct (27 30)

UGT71B6

UGT73B3

1% 30. Localization of UGT-GFP fusion proteins in the cytosol
Fusion constructs were introduced into protoplasts and localization of these fusion proteins

was examined under a fluorescent microscope. All three fusion proteins localize to the
cytosol.

UGT7} AlZW ¢ ABA levels S5AS &<1st7] $leto] AE 2] ABA levels &I
= WHE V= A st B 32 el Al RD29A9F RD29B7F ABA levelol] wheha] 2
levelo] ZZHo] & <4&A Ut o]E ©]&3t RD29AS RD29BS] promoterd] GFP
coding regions A3} reporter constructE E’l%?i‘jr. aglal o] o]&sk Ao
ABA ©] Wigle] w& e WstE dEetuat stk (1" 31).
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1% 31. RD29A:GFP reporter construct

] reporter constructE ©]-83} *ﬂﬁl—ﬂoﬂfﬂg] ABA leveld] W& GFPY 23S v w3
t}. Protoplastell ©] constructE® E=Y3F § GFP signal©]t} Western blot analysisE ©]-8-3}
glstATh. 1 23 o] reporter constructy &FAE M ABAY X WIZFSHA W3}
o B9 levelo] XHHYE= AL AT (¥ 32). 53] ABAY Fxo ©E WHIE &
Z5t7] 915t 9 FoA AP ste= ABAEES minimal level® ranges 2z}l stk 1 A
0.2 uMellA 1.0 uM Atelell A linear 3HAl o] vebe-g sttt (2¥ 33). ©]& ©
&3te] MEuUld de novo biosynthetic F== ABA degradation f-Z#e] 45 &g 4 9l
= ZAolth
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19 32. RD29A::GFP9] reporter constructel] 23 ABA response 2%l

1Y 33. ABAY]
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Protoplast®] RD29A:GFPE transformationdt $ T3t ABA =& A gsted GFPel ¥
A EE Western blot analysisE ©]-83}] Bl Th

o] 213+ RD29A::GFP reporter system= ©]-&3l] UGT7} A|ZAA ABAY T8 3=

Ae=AE HHA o2 glstazt AT RD29A:GFPS} 355:UGR constructE& PEGE ©] &3}
o] &Alol protoplastell transformation$t ¥ GFP] levelS Western blot analysisE ©]-83}]
st 1 A3 UGT7F 2ol 2dd AMEdM= GFP 9 28 levele] AAsHA EolwS
gttt o]E Fst UGT7F AEWolX ABAY levels 95+ AHe Asiidn (2H
34). o] E3to] A EA A ABA levels ©|9F #-& transient expression systems= ©]-& 3}
S F Atk= AT M EAA 9 thds ABA modulating proteins©] endogenous ABA
levele £2d3l= e A7 F Ae 7S vHdsdth

BER Expresac

\RF 1T

19 34. RD29A:GFP reporter constructs 53t

UGTY endogenous ABA levele| gt 33
Protoplaste] RD29A:GFP9} 35S5:UGTE transformationdt & protoplaste] 0.8 mM<]
exogenous ABAE Atk 18 £ 8A|ZF Fo total protein extractE ¥ § Western
blot analysisg &3t GFP9| levelS Hl 3}t

F v

4. E3 ligaseE ©|& 3 A 2% dehydration stress 7]12; 7% I}
o] 71&< o] &3 7t WA AEA AT It =AY

Al Z=

21 &) dehydration resistanceE & T v 7]
g wgEo A 130X dehydration stressoll |3}
SR eA o] FHAE Arabidopsisol =3RS W =S dehydration stress resistances
Foe AL Fsdg (¥ 35). E3 ligase$l CaRMA1°] oJ%E A Arabidopsisol 733
dehydration stress resisntance® FEAIE THSIAA ATFE FHPSATE B3 ligasew
ubiquitinationg §3te] AZ oA e DA levelS ZH3e= AR & dHA Ut weEtA

E3 ligase”7} 2]&¢°] dehydration stress resistances = 4 v WH2 AlX U9 oJdH 53

@l d o] degradations F3+e] dehydration stressell AYA 3 = Zolzt= M-S AlSith

cFsithn e A ok A D5

e
o] Zo] WHHE= CaRMAlLolE= FHAE

i



Ubiquitinations F3]|A] A Zo|A G A9 levels ZHT & v WHLS IA F 7/IAZ Y
oA st A EZ A A polyubiquitinationS 53 protein degradation®]il ThE s+
monoubiquitinationS 53¢t endocytosis©|t. 2 &4 endocytosisZ internalization®|+= T
A Tl & &2z A F9 syt water channel?! PIPEolth. webA £ Ag-4ddX= E3
ligase”} PIP29] endocytosisE ZXA3}il o]& &34 water channels plasma membrane® =
FE AAFoZHA 2Eo] dehydration stress resistance® & ZolZte 7HIS At ol&
<37 3l E3 ligase®] localizationS GFP fusion proteing ©]&3te] Al ZujollA &<2l3}
32 P 1 23 CaRMA1-GFPo] ER ¥ plasma membraned] &A1& AT 4 U2
. Majority7} EROl &EA13}H 2™ minor portion©] plasma membrane®] EAE-S &<2131S
ok (2" 36). L2l ERCl EA8t= CaRMAZF o9 Al dehydration stress resistanceE 3% °]+=
A &g FQlst7] A CaRMA13} PIP2-GFPE protoplastel] contransformationd}o] PIP2-GFP
9] targetingS ZAMSH A3 CaRMA19)

A

355:Rma1H1
Col-0 #7 #9 #18 #22

D S .. RmaiHi
- - & & @ Ubiquitin

Re-watering

Three-week-old plants 12 days without watering 3 days after re-watering

v
A 4

Y

355:RmaiH1 355:Rmat1H1 35S8:RmaiH1
#7 Col-0 #7 #22

C 74% 345%  520% 917%
Survivalratio 7195 (20/58) (30/60) (66/72)

19 35. CaRMA1 #d o 7]F 2] dehydration stress resistance &3
Transgenic plants and wild-type plants were treated as indicated in the figure and

dehydration stress was scored at the indicated time points.



A 355:GFP-RmaiH1 358:BiP-GFP

B 35S:HA-Rma1H1 355:GKX

Bright

719 36. Localization of CaRMA1 in Arabidopsis protoplasts
CaRMA1-GFP or HA-CaRMA1 were introduced into protoplasts and localization of these
proteins was examined by either direct GFP signals or immunohistochemistry using anti-HA

antiobdy GKX was used as a marker for the ER.

EA3tl A= PIP2-GFPY] plasma membrane targeting®] A 3HA Fol&S AT = 2
At o]E F3A CaRMA1©] PIP29] plasma membrane traffickings Zd3th= AS &<l
g 4 AJA} o= protoplast levelo| Al ¥ Tk o} g} transgenic plant leveldl = 22 &4

S Yeds Zglstaar ¥ o]E E<lslr] ¢4 CaRMA1 overexpression line¥}
PIP2-GFP transgenic lineS cross3to] dobule trangenic plant & ¥HE3l ©|& transgenic plant
of| 5] PIP2-GFP9] levels #&3+ A3 CaRMA1°] overexpression # lineol| A PIP2-GFP<]
levelo] A A Eol&mS AT oS T3l 2ElX ubiquitinations 534 PIP29]
level& Z43}o dehdyration stressell A4S =Y F Jdvhe AL FHIAH. °o]= Plant
Celldl] 3 3}A T
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19 37. Trafficking of PIP2-GFP is inhibited by CaRMA1 in protoplasts

Protoplastst transformed with both PIP2-GFP and HA-CARMAT1 constructs were scored
based on the localization patterns of PIP2-GFP. In the presence of CaRMAI, the trafficking
of PIP2-GFP was significantly inhibited.
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Arabidopsis thaliana beta glucosidase 1 (AtBGl) #ZxE dAASE HEES o]
Agrobacterium-mediated transformation WHOE #x (Brassica napus) F2
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1. Brassica Genome Resources

1) The Multinational Brassica Genome Project (MBGP) (http://www.brassica.info)
MAASH ZEe] FHA AFHE T site.

A AleH= FAA HE.

7F Genetic maps and populations.

2}) BAC libraries and physical (BAC) contig maps.

(

(

(1}) Collation of public domain SSR markers.

(

(

(v}) Analysis of B. oleracea shotgun sequences.

)
)
™} ESTs in public repositories.
)
)

@A AYFo|AY F5 Alzd F34 HH.

7} Induced variation (TILLING) and other reverse genetics resources.

(

(

(\}) Transcriptional micro-arrays.

(

(2} Information registries and data exchange standards.
(

)
)
t}) Standardisation of nomenclature. (e.g. linkage groups, genes)
)
)

1}) Integration of genetic and genomic maps: from QTL to gene.

2) Brassica Genome Project (http://brassica.bbsrc.ac.uk)
(1) MBGP¥®] partner project =3}
2) BAC library®] fingerprintings &3l WlF%59 A%t C genomed] EIAE 24

2
(3) Anchor probeE ©]|-&3 Arabidopsis genome¥} o] Bl A AT
(4) =l (Brassica napus)®] SNP A&
(5) dA =2 ¥ Database d3
A genome C genome
Fingerprinted Clones 33,159 35,419
% clones in contigs 69.1%% 58.5%
Average no. clones/marker 11.7 10.1
mﬁfﬁéfsg/iorrll(t)ig 46 48
Coverage 462 Mb N/Ax*
Contigs 2041 1365







P

MO
ok

N 7 %

o2t

Nakashima K, Fujita Y, Katsura K, Maruyama K, Narusaka Y, Motoaki S., Kazuo S.,
Kazuko Y. S. (2006) Transcriptional Regulation of ABI3- and ABA-Responsive Genes
Including RD29B and RD29A in Seeds, Germinating Embryos, and Seedlings of Arabidopsis.
Plant Mol. Biol. 60, 51-68.

Yamaguchi-Shinozaki K, Shinozaki K, (1994) A Novel cis-Acting Element in an
Arabidopsis Gene Is Involved in Responsiveness to Drought, Low Temperature, or
High-Salt Stress. Plant Cell 6, 251-264.

Yoo S-D, Cho Y-H, Sheen ]. (2007) Arabidopsis Mesophyll Protoplasts: a Versatile Cell

System for Transient Gene Expression Analysis. Nature Protocols 2:7.

Lee KH, P HL, Kim H-Y, Choi S-M, Fan J., Wolfram H., Hwang I, Kwak J-M, Lee IJ,
Hwang 1. (2006) Activation of Glucosidase via Stress-Induced Polymerization Rapidly
Increases Active Pools of Abscisic Acid. Cell 126, 1109-1120.

Park S-Y, Fung P, Noriyuki N, Davin R], Hiroaki F, Yang Z, Cutler SR (2009) .Abiscisic
Acid Inhibits Type2C Protein Phosphatases via the PYR/PYL Family of START Proteins.
Science 324, 1068-1071.

Yoshida T, Yasunari F, Hiroko S, Satoshi K, Kyonoshin M, Junya M, Kazuo S, Kazuko
YS. (2010) AREB1, AREB2, and ABF3 Are Master Transcriptional Factors That Cooperatively
Regulate ABRE- Dependent ABA Signaling Involved in Drought Stress Tolerance and
Require ABA for Full Activation. Plant Journal, 61, 672-685.

Fujii H, Chinnusamy V, Americo R., Silvia R., Regina A, Park SY., Cutler SR, Sheen ],
Pedro LR., Zhu JK. (2009) Invitro Reconstitution of an Abscisic Acid Signaling Pathway.
Nature 462, 660-664.

Fuyjita Y, Nakashima K, Takuya Y. Takeshi K., Satoshi K., Norihito K., Taishi U.,, Miki
F., Kyonoshin M., Kanako I, Masatomo K., Shoko N. Khji Y. Takuya I, Kazuo S,
Kazuko Y. S. (2009) Three SnRK2 Protein Kinases Are the Main Positive Regulators of
Abscisic Acid Signaling in Respon, se to Water Stress in Arabidopsis. Plant Cell Physiol, 50,
2123-2132.



Farshadfar E, Ghasempour H, Vaezi H (2008) Molecular aspects of drought tolerance in
bread wheat (T. aestivum). Molecular aspects of drought tolerance in bread wheat (T.
aestivum). Pak ] Biol Sci., 11(1):118-22

Gao C, Liu J, Nielsen KK (2009) Agrobacterium-mediated transformation of meadow fescue
(Festuca pratensis Huds.). Plant Cell Rep., 28(9):1431-7

Hsieh TH, Li CW, Su RC, Cheng CP, Sanjaya, Tsai YC and Chan MT (2010) A tomato
bZIP transcription factor, SIAREB, is involved in water deficit and salt stress response.
Planta, 231(6):1459-73

Hu Y, Li WC, Xu YQ, Li GJ, Liao Y and Fu FL (2009) Differential expression of candidate
genes for lignin biosynthesis under drought stress in maize leaves. ] Appl Genet,,
50(3):213-23

Lee HK, Cho SK, Son O, Xu Z, Hwang I and Kim WT (2009) Drought stress-induced
RmalH1, a RING membrane-anchor E3 ubiquitin ligase homolog, regulates aquaporin levels

via ubiquitination in transgenic Arabidopsis plants. Plant Cell., 21(2):622-41

Lee KH, Piao HL, Kim HY, Choi SM, Jiang F, Hartung W, Hwang I, Kwak JM, Lee I
and Hwang I (2006) Activation of glucosidase via stress-induced polymerization rapidly
increases active pools of abscisic acid. Cell, 126(6)1109-1120

Oliver MJ, Cushman JC and Koster KL (2010) Dehydration tolerance in plants. Methods
Mol Biol., 639:3-24.

Peng Z, Wang M, Li F, Lv H, Li C and Xia G (2009) A proteomic study of the response
to salinity and drought stress in an introgression strain of bread wheat. Mol Cell
Proteomics, 8(12):2676-86

Q Liu, M Kasuga, Y Sakuma, H Abe, S Miura, K Yamaguchi-Shinozaki and K Shinozaki
(1998) Two transcription factors, DREB1 and DREB2, with an EREBP/AP2 DNA binding
domain separate two cellular signal transduction pathways in drought- and
low-temperature-responsive gene expression, respectively, in Arabidopsis. Plant Cell,
10(8):1391-1406

Rabello AR, Guimardes CM, Rangel PH, da Silva FR, Seixas D, de Souza E, Brasileiro
AC, Spehar CR, Ferreira ME and Mehta A (2008) Identification of drought-responsive
genes in roots of upland rice (Oryza sativa L). BMC Genomics, 9:485



Xu ZS, Ni ZY, Liu L, Nie LN, Li LC, Chen M and Ma YZ (2008) Characterization of the
TaAIDFa gene encoding a CRT/DRE-binding factor responsive to drought, high-salt, and
cold stress in wheat. Mol Genet Genomic, 280(6):497-508

Zhang G, Chen M, Li L, Xu Z, Chen X, Guo ] and Ma Y (2009) Overexpression of the
soybean GmERF3 gene, an AP2/ERF type transcription factor for increased tolerances to
salt, drought, and diseases in transgenic tobacco. ] Exp Bot., 60(13):3781-96

Zheng X, Chen B, Lu G and Han B (2009) Overexpression of a NAC transcription factor
enhances rice drought and salt tolerance. Biochem Biophys Res Commun., 20;379(4):985-9



N

Uk,

3. m7tst7lE ZIRFAC 2o

o R T,

T—
T

A




	AtBG isoform을 이용한 식물의 ABA level 조절 기술개발과 그 산업적 활용
	요약문
	목차
	제 1 장 연구개발과제의 개요
	제 2 장 국내외 기술개발 현황
	1. 국내 기술개발 현황
	2. 세계적 수준
	3. 국내․외의 연구현황

	제 3 장 연구개발수행 내용 및 결과
	< 주관 연구기관>
	1. AtBG1 overexpression 벼의 구축과 표현형 연구
	2. AtBG2의 유전자 확보와 특성 규명을 통한 활용가능성 검증
	3. ABA-GE level 조절을 위한 유전자 cloning과 특성 규명
	4. E3 ligase를 이용한 새로운 dehydration stress 기작 규명과이 기작을 이용한 가뭄 내성 식물체 개발 가능성 탐색

	< 협동 연구기관>
	1. 형질전환 및 후대 식물체의 선발
	2. 형질전환체의 분자생물학적 특성
	3. 형질전환체의 농업형질 분석
	4. 환경내성 신품종 후보 선발
	5. 형질전환 벼의 세대진전 및 특성 분석


	제 4 장 목표달성도 및 관련분야에의 기여도
	1. 기술개발 목표
	2. 연도별 주요개발 목표달성도
	3. 관련 분야에의 기여도

	제 5 장 연구개발 성과 및 성과활용 계획
	제 6 장 연구개발과정에서 수집한 해외과학기술 정보
	제 7 장 참고문헌




