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SUMMARY

1. Title of the study

The isolation of agricultural useful genes by activation tagging

II. Objective and -significance of the study

Recently, the gene war, what we called, is accelerating to isolate
commercially useful genes which are important in crop productivity and
resistance to pathogens and environmental stresses, as developing the
techniques isolating of useful gene largely in molecular farming. So, we will
have to obtain useful genes quickly via the proper investment and
epoch-making strategy to develop competitive ability in plant biotechnology.

Genetic engineering technique is the alternative to overcome the limit of the
conventional breeding process, and is necessary to develop the seeds having
the good character. The isolation of agricultural useful genes and there
insurance are starting point. Until now we do not have a lot of plant gene
resources which have been found out for ourselves. That will be large
barrier to develop our agricultural biotechnology in the future.

At present, the research of isolating useful genes is largely dependent on
T-DNA insertional mutagenesis method that produces the loss—of-function
mutants. But this method has the following weak points: (1) that some
mutants do not show a significant mutant phenotype by only loss—of-function,
because there are a lot of functionally redundant genes in plant, (2) some
genes that have a key role in early embryogenesis do not produce the
mutants by loss-of-function owing to lethality. So, it 1S necessary to
introduce the new technology to overcome these weak points in T-DNA

mediated mutagenesis.



Activation tagging established recently is founded on the transcription
activation of enhancer molecules derived from cauliflower mosaic virus 35S
promoter, though an activated gene is far from the sequence of enhancer
molecules. The phenotype of activation tagging mutants is able to be
identified dominantly by gain—-of-function mutation. This character is supposed
to be identified new genes which its function have not been found out by the
existing other methods. At present, this technique is quite useful for the
development of cold—, freezing—, or salt-tolerant crops, the improvement of
crop quality, the introduction of new function, and production of an useful
natural compound as well as development of commercialized herbicide, insect,
and virus-resistant crop etc.

To prepare for commercialization of useful genes, we have to make efforts
to identify the useful genes largely, get the patent for many genes, and apply
these genes to improve the bad character of other crops. That proceedings
will make us have a competitive power for today’s trend in biotechnology.

So, this research was made a plan to develop the core technique to
identify the many useful genes. Their possible patents and commercialization
from this research will be contributed to settle of the basic biotechnology
infra in the agricultural industry, propelled to contributed the reconsideration

of the company’s value, and meeting the new demand in our biotech industry.

III. Purpose and scope of the study

This study on the development and usage of activation tagging technique
was propelled to activate the high value in addition to business through
ensuring the useful genes being able to apply to farming, to develop of our
national power in accelerating patent war about high value of agricultural

genes, and to activate the seed industry by developing possibile molecular



breeding maker genes
To acquire the previously mentioned purpose, this study was carried out as

following.

1) Establishment of activation tagging technique

Activation tagging is based on the T-DNA insertion having the enhancer
element to activate the gene expression near right border. The activation of a
gene near right border results in the change of normal phenotype, and then
this altered phenotype is shown dominantly in contrast to T-DNA insertional
mutation. This dominant phenotype is made to identify the new gene function
not discovered in insertional mutagenesis.

We drove this study to establish the gene isolation technique from many
selected mutants after the construction of activation tagging vector, and the

pool generation with the effective transformation method.

2) Mutant screening and discovery of useful gene

As mentioned, we screened the mutants showing the resistance or
tolerance to high concentration of salt, hypersensitivity to low concentration
of salt, and drought-tolerance to limited water supply and artificially induced
dehydration condition. Together with phenotype screening, mutants showing
lethality at various stage were also studied, and then their genes were

isolated .

3) Examination of the gene function and its usage

The mutants and gene mentioned were studied their function in
Arabidopsis by means of antisense expression or overexpression, occasionally
by using introduced the T-DNA knock out mutants. Also their genetic and

molecular character were analysed by southern and northern blot analysis.

_10_



4) Database construction

The primary database was written with the description of mutant
phenotype in detail with pictures. This database will be open to the scientists
to have interests in after change to the typical database containing the
digitalized image of mutant phenotype.

It is desirable for activation tagging pool to be stocked to seed bank in
near future, and then many scientist to be providen mutant seeds with of

without payment from this seed bank.

IV. Results and Discussion

1) Establishment of Activation tagging

To generate the activation tagging pool, we constructed the activation
tagging binary vector, pGM1003, to which 4 molecules of CaMV enhancer
were inserted reversely near the right border. Arabidopsis were grown for 4
weeks in growth room, and then transformation by floral dipping method with
agrobacteria  strain AGL1 containing the pGMI1003 vector. After
transformation, TO seeds were harvested, and then above 12,000 T1 plants
were selected by spray of 0.0196 basta solution.

The genomic DNA of some basta-resistant T1 plants were isolated, and
then the T-DNA insertion pattern was analysed by southern blot to confirm
the independent T-DNA insertion. It was showed T-DNA insertion pattern
had been various, and insertion percentage of single copy was about 20%
with multiple insertion above 2 copies of T-DNA.

In other study of activation tagging, it was reported that a gene apart from
a few hundred to 10 kilo-base (kb) near right border was activated by

enhancer element. Usually a gene located in average 3.5 kb apart from RB

_11_



was reported to activate.
In our activation tagging pool, we also isolated a various of flanking DNA

by plasmid rescue, which size was from 700 bp to 10 kb .

2) Screening of the useful mutant and isolation of its gene

The salt-resistant and salt-sensitive mutants were screened in presence of
50 mM and 150 mM NaCl, respectively. In case of salt-resistance. 729 lines
had lived on 15 day after planting on 150 mM NaCl plate, and the 292
salt-sensitive lines were also selected by the phenotype showing the
degradation of chlorophyll and accumulation of anthocyanin pigment in
germinating on 50 mM NaCl plate.

The drought tolerant mutants were screened in dehydration condition
caused by PEG and D-mannitol. When the activation tagging mutants were
transferred to in condition of 30% PEG (Mr=8000) for 2 weeks,
drought-resistant plants were maintained the green leaves in contrast of wild
type.  Also, drought-resistant plant were selected by root bending assay
using 450 mM of mannitol.

Flowering time, growth, organogenesis, and lethal-related mutants were
screened visually and studied to characterize the mutant phenotype in order to

select the mutants involved in productivity and other useful characters.

3) Characterization of some genes and examination of their usage.

We selected two genes, At687 and At355, among some genes isolated from
salt-resistant mutants, which genes was highly homologous to MAP kinase.
At687 gene was confirmed the relationship to environmental stress such as
drought, cold, high temp and UV stress by gene expression pattern.  At355
would be a new type of MAP kinase, induced the gene expression only by

drought stress, although low homologus (40-50%) to other MAP kinase.

_12_



The isolated gene from a drought tolerant mutant consist of two exons
and 1,341 nucleotides which coding 446 amino acids.

PAT3 mutant showed the following complicated phenotype : the whole
plant albinism which leads to lethal, the differentiation rate similar to wild
type, very slow growth of true leaves. Also, wild type produced the lateral
root and the floral bud when grown in presence of 3% sucrose, but this
mutant showed that the whole plant growth would be almost stationary
without the production of later root after the appearance of 4th true leaf.
T-DNA flanking region isolated by plasmid rescue was located in the
intergenic region between WRKY-type DNA binding protein and integral
membrane protein.

LF508 was a late flowering mutant which flowering time delayed about 10
weeks and the diameter of rosette leaf was increased 4 times to wild type.
The mutant showed the tendancy to flower size be more larger than wild
type, and flowers be crowed to the top of inflorescence. In natural light
condition, the inflorescence height was increased 4 times to wild type, and
then the seed production was largely increased about 3 to 20 times in
contrast of growth room condition. In this mutant, T-DNA was confirmed to
be inserted to intergenic region between 2 putative Ca2+-binding EF-hand
family protein (gene ID= Atlg70680)

LF6-135 mutant was related to growth retardation, showing the slow
growth rate delayed flowering time for 2 weeks, dark green color, and
horizontally grown secondary inflorescence. Total seed production was more
or less decreased, although the developmental form and size of silique were
similar to wild type. Especially, this mutant grown for a month in soil
showed the tolerance to high salt (500 mM NaCl) and drought stress.
According to southern blot analysis, 2 copies of T-DNA were inserted, the

one revealed the intron region of phosphoglucomutase (gene ID =

_13_



Atbgb1820), the other coding region of unknown protein.

V. The proposal of this study’s practical use

It is considered that approximately 12,000 activation tagging lines will be
desirable to be stocked in seed bank form, and provided to many inside or
outside scientists through the web-based seed bank.

At355 and LF508 were new genes according to this study, and are
considered to be patented or taken other step after more functional studies.

We hope that a various of mutants and genes from this study will be
provided to scientists to have interest in, and utilized as a good study

material for further functional studies.
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7b ALl oF 15% A=el WE=R uyedt. aeu, B fFAaArE A4
T-DNA ¢} d#d A9E of 5% AL2 E¢dWo] 4ol yeiydet=e #7]
FAAE 2T ¢ U= g8l ¥
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Reverse genetics 714 S knock-out line @ d] o}F &&3
3] @ 3l+= knock-out

7142 oju] & 9+ Arabidopsis® genomic sequence®l
lineS knock-out mutant poolZFE 2Zroluje] s FHxe] 75& HHHL
2 ZRlste Zlsolth. AAl FE v FF7|H, tidt sl o]2ld mutant
pools& AlFstar om, FHtol= olefg dwe HAHL] 7HEIE 9d Salk
institute®] Joe Ecker 9174l A T-DNA insertion lineE ¢l flanking sequence
DB7} AZEa glomw, 3 =9 Jone Innes Instituteo| A= FAFSF Lol
PRSI

ol# gt screening services oA o]& A9 3 sequence T KT 37
Ho] A7ko] AQEHEZE o] reverse genetics woFoll o] HAH o3l
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T ¢ ©E Arabidopsis ecotype¢l Col-09} La-02] genome B E E3d) &
A2 2E AFE H £33, tagged linedld] GCE 3% high-throughput
screening©] 13 1 9t} (Cereon). =3+ Arabidopsisell A 2F 600 o 7fol =3}
= transcriptional factor£9 7] #R1ste] E37F &9 v} o (Mendel
Biotech.), full-length ¢cDNAE ©] &% Fd7 75 dA7%= 538 &9 A¢ge] A
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AAE TEete 93 Vsolds 544 wWiol FdA% AA Y licensing-out
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activation tagging W'H & % &3}

2 Data Basedt a9 2191 #% 9 442 =43 st £ #d /9
licensing-out 3o 24 w7 Fo] B%57} A A4 suke] MAY 1R} 7
A A A JhEs Ha ge o= B9 §& §44 Sejstz

Ao @ By AYEFS W FAS Bn F§ FA% wE G Dol
AAYE AAE b lelshe FR AAA SWelA f8 5
%% Bl /& FFA ) AX (marken FA%

=
oA g9 Ve wEo] §F Aol By slelsann

v ATE FHel ol Thd Wel A7 JAHIL 9l= ArabidopsisE
model A& ato] 7]5o] FQAE FHAE &olstA E&F + U= activation
tagging A< YHS o€ mutant poolE FH3IL °o]5L screendto] &3
A Ad HolAl & Mddste] 59 +8& FdA Adoem &8stz a3t
ol5 ¢ste] FA Z7V]|olE= 7] & H 3 Arabidopsis®] activation tagging pool<
o #A Wao] whel activation tagging pools 3, FEHse] F2= 6] A

234 ~2Ef 2~ 34 (salt ¥ drought, cold, UV)ol tigk WolAlE JFA o=

Activation tagging= A A9 ¥dE F7HA71 enhancer elementE
genomed] AFIAIA o] AAE enhancer element’t €183 FHAXE activation
Al7IH o] Zo] dominant & Wol® YEE F vkes dEE o] &g W
t}. F9 #H FHAE inverse PCR WX oy plasmid rescue W SO 2
HAA e & 7 o] FHA grel FE gk Mo
2 AFaAME x7]dE YFEFEH E93 tagging pools UFOZ HHolA

r

screeningS A Alstg o A A o ®E pCAMBIAE Hl®© 3} binary vector?

right border sequence <ol 4x CaMV 35S enhancer® <Wdko =z A7
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vectorE A Z3te] 83ttt o] vectort E¥AH R FE HAIAEZ Ay

8k AlzA (BASTA)ASAY FAAE 7IA2 o AZHE vectorsS ¥ &3}
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= hyper-virulence Agrobacteria (AGL1)S ©]-83}4 vacuum infiltration W 2.
2 PAASA pools 753

31 ¥ activation tagging liness o2 F8& F2A A wWolAE A
stttk B HAE Sk x| FEE §8 FHe AE
stress AFA 55 Eoled ol&H F de FHES BHHOE T Stress
= T2 HA=
(H:02) 5ol #s WolAd o Aibgd3kdat #dstoqs Jdejael A (st
A71, S, AEA A7])9] Aol FH 53t
4 FE FE WolAld dsiAe
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cosegregation St=A4 oJFE ZA}FSIS L (activation tagging mutant2] 7%

st ~E# 22X salt, srought, cold, UVe oxidative stress

ol
i
i
(i

@Yol E=Y¥ T-DNA®H

N A4 FAE YJElE) cosegragation test2A EAHE H8& FA Ho|HERHR
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B inverse PCR W olu plasmid rescuetH oz d#dH FAXES g 2 &
ATE TPt
2 AF3FS T R 8 S AY mutant lineE29] AR A

o]59 AP S AAlS] 7l=ste] Data Basest at7]1 918 7IvbS A&kt

B 3= 3do A3 =243 ¢ activation tagging”Z] €9 &8 9 FHz B
gl 7)1« gL =& 10,000 lined] ©] 2+ tagging pools FH3t1 4 ~EF
2, JNEA7], SR Sl digk WolA Ads Fd fFE&WolAE Ay
HITAOE 5T F&FHAY 5SS e ZHE tagging line ¥ WO A

ol t3 542 D/B3E stof o5t a7 3 dFgow Edstaat st
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T AN =R AT g 2 HE
12 %= | o Activation tagging R 7] 3t® ¥ activation tagging
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& F2 WHolAMA 7], AF&EE,
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F2d9e] WsE AR AAY = = VlEolth @y A= inverse
PCR ® o]t} plasmid rescue WY So2 A 28dd & g} o] Fa) 7]
=2 o3

AAEe] 75l drelAa

N
i
Ho

A 2 A FAAIAE vector T+

B Ao A ALE-3F activation tagging & WEE 2HA] A ZE pGM1003°] 2
= binary vector®A, ©o]& right border sequence ol 4 £xto] CaMV 358
enhancerg WgFo =z QA AIZl Heolth (Figure 1). ©o] WY T8 F+42 o

w7 2

1. 32 A3 AEAE e Y3 AFA FHAAZA] Basta (ammonium
glufosinate) A& FHAE XY At} BastaE o] &3t o 71 doA 2
Al

AEHEA o] §olstar I Abghel Al -8 st

2. Cauliflower mosaic virus® 35S Z 2R E2FE F#3 enhancer A4 47)
7} 28"t 9] enhance elementt ¢33 FAA] AALE EAsIA7| = 9T

= gk

3. pBluescriptll-SK(+) WH & 49¥® enhancer W2 genomic DNA AHE
cloning 3st=4l A& %™, plasmid rescueE F3] I A %3 plasmid’} E. coli

cell kel Al S o] 7bestA = dds

i

215 binary vector Agrobacterium¥ &4 DNAE EAE & A&

4.
H7IMEE 7HA L
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EooRI

Aol
apal
EooRI Clal
BamHI Crall
Deal EnoRY
r:_-:-:: Hindll
B Hindlll
ol pBS-SK(+) i
2aall Fe&l
Armal ColEl ari ¥ aal |
Spel . *hol
Ahal
“mal 4X 395
Zmnall W, enhancer
BAR pGM1003

(12 886 bp) T Hindll

km"P

Figure 1. Activation tagging vector, pGM1003. BAR gene (confers Basta
resistance) for selection in soil. Plasmid selection in E. coli is ampicillin resistance.
Sites that leave the pBst-SK(+) sequences intact and cut only on one side between

pBst-SK(+) and either left or right border can be used for plasmid rescue.
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A 3 A FAAS A=A pool A2} A

1. Model 2 &

B oo o= o 71 (Arabidopsis thaliana L.), Col-0& =9 A &2 o] &
3lAth.  Arabidopsisi= 4] A8} ¥} (Brassicaceae)ol 43l 1% A E=2A o] 2
E 29 593 TS gloy Fe genomed A7), FHS AL FHE Y
A A7), dAAS] GolA wTo AFH FIFA © Al Yol tagged pool

2 ARSE Aol sFsHrh B RE G

o

T, =2 Aol
o A 20000 129 AA 7] AEo]l A

we Ausk PEEel 9, ¥l
3 gol FAHo] ke Aol A% 2 %

8 sisElen d AAA
ol

R
n

2. in planta transformation

Hwa H2 »=%F=3 H&o] A%+ floral dipping WHE ARSI
(Figure 2). Activation tagging vector?l pGM1003°¢] transformation ¥
Agrobacteria strain AGL1S seed culture 3} RS thA] 28ColA liquid
culture 3t OD600 #kel 0.8 - 1.00] 2 wi7+x] 7191 4T, 5000rpmel Al 1083t
A 235t bacterial cellS 343t} Bacterial pelletS U©A] infiltration
medium (1xMS salts, 1xB5 vitamin, 5% sucrose, 0.005% Silwet L-77)°] &HZ
OD600 #tol 2.0 - 24 7} H== A=ttt oF 45 =<t A=k Arabidopsis &
o] Fol mAds dAlel e AS Adsidnh AEe] &gt e s
FAZ FRo] Agrobacteria AE Ao o] 4 Ax=Z daa (AFE wW FHo
& Ae WA flsto], AE& A7l doll & 9o Fe A 5 1 9
of #F3t}), o 2% F FHES Aol HYJ AgAs A v HEdE 2
A FE7F FAHEE AT oF 24413 F Ajd S BA o v =3 &)

wlFste] o 3% F TI RS FEsec.
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Figure 2. in planta transformation (Floral dipping)
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Figure 3. Selection of transformants (T1) using Basta ™.
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Basta A4 #els §3) e @2 A& H=AEe d2 5H€4S
&7 #ste] 1 T

AHQl patterne 1@ o| Ao} o] tpekdtgd oy, ¢F 20% AHE7} single insertion

AR oA Southern blot analysis® T334t (Figure 4).

o2 YEgen T-DNA copy 7} 270 o172l multiple insertionE %= <15 2l
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Figure 4. Independence in the pattern of
T-DNA insertion. Southern blot analysis was carried out in the individual lines
transformed with pGM1003. 5 pg of genomic DNA was fully digested with EcoRI and
then electrophoresed through 0.8 % agarose gel overnight. After electrophoresis, the
gel containing the digested DNA was processed and then transferred to a nylon
membrane by capillary transfer. The DNA-attached membrane was hybridized with
P*2-labeled 700-bp fragment of Bar gene at 65C overnight. After washing of the
excess radioactive isotope from the membrane, a radio-sensitive film was exposed to

the membrane at -70C.
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Al 4 A Activation tagging=S 3 42 & 7]1E9

59

il

1. Z2gxn= 34 (Plasmid rescue method)

A F7kA] ®Bag wvlol o8} activation tagging® 7A-$ T-DNAZ} plant
genomed] A YH F FF T-DNAY right border Zo|A % W baseol A4 10
kilo-base(kb) ##<l = FHA7F AF4E enhance elementol]  2J3iA
activation =™, vt 35 kb "ol 9+ FHA7} activation ® vkl gk},

oo pElo] 33 activation tagging poole A¢ ZEtaw= 3
(plasmid rescue)oll 9& 2 700 bpellAl 10 Kb =719 th%3 flanking DNAS

=g & 5 At} (Figure 5).

Figure 5. Isolation of the flanking DNA by plasmid rescue. Genomic DNA

from the selected mutant plants was fully digested by appropriate restriction enzymes
(EcoRI or Kpnl) and then self-ligated by T4 DNA ligase. The ligates containing

pBlueScript-KS(+) were amplified in E. coli ToplO cells. The amplified plasmids
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(=ligates) were digested by several restriction enzymes to confirm the size of flanking
DNA. M,A» DNA/BstEII digests; 1, Sphl digests (3.4Kb of pBlueScript-KS(+), 1.46Kb of
4x  Enhancer, 800bp of the flanking DNA); 2, EcoRI/Notl digests (34Kb of
pBlueScript-KS(+), 1.46Kb of 4x Enhancer, 3Kb of the flanking DNA); 3, EcoRI/Sphl
digests (3.4Kb of pBlueScript-KS(+), 1.46Kb of 4x Enhancer, 800bp of the flanking
DNA); 4, Kpnl digests (3.4Kb of pBlueScript-KS(+), 1.46Kb of 4x Enhancer, 3.6Kb of
the flanking DNA).

2. TAIL PCRY
T-DNA taggingel 2lste] A WHolAZREH FHAAZ Hedes Tt

HH S TAIL PCRS o]&3= Aoltl. 7]&d X E activation tagging pool

it

ZHE E3 HolA = HE 2] T-DNA F$¢& o] Wiel o9& sttt
dap o r FHE WHolAZEEH S FE3IL o]E template® o] TAIL

PCR<S Attt TAIL PCRol|l AF&3$t primerg2 o5 2t}
12} primer ; 5-CCGAGCGGCGAACTAATAACGT-3’
22} primer ; 5-CCGAAAGTTACGGGCACCATTCAA-3’

32} primer ; 5-GAAGTGCAGGTCAAACCTTGAC-3’

ZZ% PCR 2HE2 pGEM-T vectorel] cloningstil vectoro] &A43t= T7 2

SP6 primers °]&3te] A7 LS AA AT
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daHoz FA1EH2 F Hsalt)d FHE FAAE F=s7] 95Hd
arabidopsis (Col-0)Z ©]&3}o] salt screening =2 50 mM NaCl®# 150 mM

NaCl®Z ZAA3}o] germinating seedling stage®ll 4] screening 3} 3 tH(Figure 6).

Figure 6. Early development of wild-type Arabidopsis on NaCl
containing medium. Surface sterilized Arabidopsis seeds were planted on
the medium with various concentrations of NaCl (0, 50, 100, 150, 200, 300mM)

and allowed to grow about two weeks under the optimal culture condition.

WHold AdS 93le] activation tagging pool® ZHineS WA S = 1%}
screening?l A1 = 20 line® T1 seedE<S 492 F 50mM NaCl¥# 150 mM NaCle]
So] 2= platedl ¢F 50093 712] seedE Y & AWslo] o] & soil2 & AW

H MM plantoll A seedE F RS & T2 27X ZF plant@d 5091 719 seed

= #gl M 22 screeningS 3 3le] phenotypeo] WFEEE AAS AEEA T
7} pool®] FAES BEW A%ste] 3Y < 4ToA A2 A stk A& )
kg Petri dishol #l%¥& Hlx] (1xMS salt, 3% sucrose, 0.7% agar, pH 5.7)Z
Fol Z3)a 1 9l " meshs o A At AL AHYg FAE mesh
ol 944 ztA o7 HEFde] 21-23T, 16hr/S8hr - light/dark cycle 8Foll A 10Y
S ettt 109 ¥ A=A 4 Y HEE meshs #jA TWo=FH

glojuiol o ¥ix] (0.5xMS salt, 150mM NaCl, pH 5.7)°] &7 <+ Petri dish
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2 &t o] dHE Ay $dF wijd 23 394 Fe Asdn 3¢ F

=
Al mesh M= Sojulo] AlF wiA] (1/2xMS salt, pH 5.7)° A &4 &<

o gdS AAFZ IE wix (0.5xMS salt, 1 % sucrose, 0.7% agar, pH 5.7)

2 2T o] & oF 490] A UHA wild type MANA SFsA AT 1A A

o] #EE7] AzZtslan 1579 o HAE AH wild types EF A Ha 7 W
olAl pool WAAMZ= AIAQ MALL @A Al FAstA FEEJT
(Figure 7). A3dAdo] Hol& /MAl= Fo=Z &7 Ao A7 wnl Al £ o5

Al (T3) FA45 F&ath

~ Fal cieh

Cumure | _'r_-r_'r_‘H_-r__P——
[RLE- 1 c i
LR a Ry
[ RN

. ﬂ"m J -—T—#m*_ajl_mm Wl i o WS
Rucapmey I'I. jl.
o dmad m
i
12 ME, TH S,
0T me
Culume & Seed st

(41 K]

Figure 7. Screen and selection method of the NaCl mutants.
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salt-sensitive mutant® 50 mM NaCl plateo] 4] & & 495 HE= do
wild type2 AdH o2 Holg st ztgte WEHo| cotyledonol X E&54&7F &
= 7] A FFFAY el EH o] cotyledone] o] Moz WM ALY cotyledon}
hypocotyloll 4] anthocyanin®] &2 & AEAES Aoz 51%
12} screeningS F3] 20270 AE 2lstd o, 2% screeningg &3] T-DNA
insertion®] H ot AZEE= plantE 20 lined T1 seed mix-up 4704 5
plantE <, activation® 1S 7FsAo] 2 AHE 20 lined T1 seed mix—up 470

o4 11 plantES ¥ E 3 H(Figure 8).

Figure 8. The phenotype of salt-sensitive mutants which screened on
50mM NaCl containg media.

A. T-DNA insertional mutations ; all seedlings were Basta-resistant and

showed recessive segregation pattern.

B. Activation tagged mutations ; all seedlings were Basta-resistant and
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showed dominant segregation pattern.

salt-resistant mutant:= 150 mM NaCl plateo] Al seedE ¥ F 14-15Y =
ot 71 9-WA] wild type FEA7F TalEo] o Mo] Ao m Wle] & Hb
Hol| FEF A9 HE3|7F o] FojR| x| gkowA] Ay} ¥alol o] AHHORE o

FojA ABAE A
1;‘(]— Screening% %EH 7297H iﬂ, 27?}' Screening% %‘:o‘H 207H T1 seeds mixfup

51 39 vH(Figure 9).

o

570l A 4dplant=

Salt-tolerant

AN

Figure 9. The phenotypes of salt-tolerant mutants screened on 150mM

NaCl containing media.
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glg WHolAoA F& FHA F2 2 54 AT
A3k salt sensitive o)A 2 salt tolerant HolA] o] 3 EA EX (&
2 Southern #41)S AAleA 2™ plasmid rescueE T3 T FHAAES

3} 3 tH(Figure 10).

HS-3 HS-31 HS-95 Col-0 (WT)

Figure 10. Salt-hypersensitive phenotypes in the activation
tagging lines of Arabidopsis thaliana L.(HS-3, HS-3, & HS-95)
after 100mM NaCl treatment

One-month-old plants (T3) grown on soil in green house were soaked
in 100mM NaCl solution for 14 hours under the growth condition. After
7 days, withering of rosette leaves and slight yellowing of siliques
were observed only in mutant lines. The ratio of Basta-R to Basta-S

in HS-3 and HS-95 was 18:0 and 21:3, respectively.
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1,264

HS-95
line9]
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£ A3 (Cosegregation test)

HS-3

Col-0
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(A DNA/BStEII)

8,454
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5,686
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1,929

1,371
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3. Plasmid rescueE &3t F2 A2 ¥
Enhance element %9 flanking DNAZ Eg3tux Zgan= 34
(plasmid rescue)E A A3} salt resistant WolA LA plasmid rescuedl

o]aj A MAP kinase®t A= Hol& At687% At3555 Z<lstdth

1) At687
At®El o WolAo| A plasmid rescueE E3 A YT T-DNAL RBolA <
800bpE =2] flanking regions & W3} sequencing ZIE  0]E3}o]
database search® <13 FHAEY candidates e 2% stressol ¢
A FAAe] TRl FUME = FHAE MAP kinase 39 S FAME S
HolE FAARE &Aear o] 5422 genomic cloned size= ¢F 1.6 Kb
o] ATH
genomic DNA full clone& probe®Z ©]&3} F7 Aol #&H o] salt o]
o Az, Wi, Wi, UVse & 374 stressEol e Lo &
7}2 < dot blot analysis® 2<¢1&9t} (Figure 11, 12).

o &o

‘70‘3050@\'%"’

'R RN

L ] L N

-til

LN B

.- a0

L
4h.'1.'.
6h @ & @8 - = &
2h #a @@ ® » & @
2h s m @ ® » o 8

Figure 11. RNA dot blot analysis of At687.

Total RNAs were extracted from the whole arabidopsis tissue sample



which treated various abiotic stresses (UV; UV chamber, ABA; 100uM
abscisic acid, JA; 100 uM jasmonic acid, cold; 5 T, high temp;37C,
drought; blowing on clean bench, NaCl;200 mM NaCl). 3ug of each RNA
sample were blotted on the Nylon membrane with a vacuum blotter and
hybridized with the genomic clone as a probe.

600

—&— NaCl (200 mM)
- drought

5C
500 arc
=¥ Jasmonic acid (0.1 mV)
-8 Abscisic acid (0.1 mV)
400 - —+uv

Relative expression (%)

Time (h)

Figure 12. Relative expression of MAP kinase 3 homolog, At687

The expression value of each samples were calculated after compensate
the expression level of TRNA as a control.

weo] A= ZF7k3F 200 mM NaClg 24417 2123k Arabidopsis
(Col)9] RNAE o]g3to] RT-PCRZ 1.3 Kbe] cDNAS EI3x 1 &

e pHFah
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At6872 MAP kinase 39t DNA sequece’dol A 95%0°]42] identityE
Heom 7]Ee] 4zl ATMPK1-89 MAPK$He] amino acid multiple
alignmentell 23} highly conserved® residue’} 62.12% % el

w2 At6872] MAP kinase= UE arabidopsis® MAPK<9}e] =&
homolgy® <18 oJ&] 7}A stressol thaA broaddt A=kl #dS wol
Aolgt #detx A cHFigure 13).
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A. Restriction map

Eco RV B?I I
5 |

| 1.3 Kb d

!
Hind Il

B. cDNA sequence

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

CCTCAAAGCAACCACTGAATCTCGACTTTGATCAATTGAGAGAGAAIMAACACCGGCGG
MNTGG
TGGCCAATACACGGATTTTCCGGCGGTGGAAACTCACGGAGGACAGTTCATAAGTTACGA
¢GQYTDFPAVETHGG QFTSYD
TATCTTCGGTAGTTTATTCGAGATCACATCTAAGTATCGTCCTCCGATTATACCAATTGG
I F6¢SLFETITTSKYRPPTITIPTINA®G
TCGTGGAGCTTATGGAATCGTTTGCTCTGTGTTGGATACGGAGACGAACGAGCTAGTAGC
RGAYGITIVCSVLDTETNETLVA
GATGAAGAAGATAGCTAATGCTTTTGATAATCATATGGATGCTAAGCGTACGCTTCGTGA
MKKTANAFDNHMDAIKTRTTILRE
GATCAAGCTTCTTCGTCATCTTGATCATGAAAACATTATAGCTATAAGAGATGTTGTTCC
I K LLRHELDHENTITTIATIRTDVVP
ACCACCACTAAGAAGACAGTTCAGTGATGTTTATATCTCTACTGAATTAATGGATACTGA
PPLRRQFSDVYTSTETLMDTD
TCTTCATCAAATCATCAGATCTAACCAGAGTTTATCAGAAGAACACTGTCAGTACTTCTT
LB QI ITRSNQSLSEEHNCQYTFL
GTACCAGCTACTTCGAGGACTGAAGTATATCCACTCAGCTAACATTATTCATAGGGATTT
YQLLRGLIKYTHSANTITIHRTDIL
AAAGCCGAGCAATCTTCTGTTGAACGCGAATTGCGATTTAAAGATTTGTGATTTCGGTCT
KPPSNLLLNANCDTLZE KTICDTFG
TGCTAGACCTACTTCAGAGAATGATTTTATGACTGAGTATGTTGTTACGAGATGGTA 7AG
l1 ARPTSENDTFMTEYVVTRWY
AGCACCTGAGCTTCTG 7TGAACTCTTCAGATTACACAGCTGCTATTGATGTTTGGTCTGT
RAPELLLNSSDYTAATILIDVWS
TGGTTGTATCTTTATGGAGCTTATGAATAGAAAGCCTTTGTTCCCTGGTAAAGACCATGT
vGCcCIlI FMELMNRIEKPLTFPGIKTDH
TCATCAAATGCGCTTATTGACAGAGTTGCTTGGCACACCGACAGAATCTGATCTCGGTTT
vVHAQMRLTETLTLGT®PTESTDTLGTF
TACTCACAATGAGGATGCGAAAAGATACATCCGGCAACTTCCCAACTTCCCACGTCAGCC
TH NEDAKRYTITURQLPNTFPRAGQP
CTTAGCTAAACTTTTCTCTCATGTTAACCCAATGGCCATTGATCTTGTTGACAGAATGTT
L AKLFSHVNPMATIDTLVDRML
GACGTTTGACCCCAACAGAAGAATCACTGTTGAACAAGCTCTGAATCACCAGTACCTTGC
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T FDPNRRITVEQALNH QYTLA
1021 TAAATTGCACGACCCGAATGATGAGCCAATCTGTCAAAAGCCATTCTCTTTTGAGTTCGA
KL HDPNDEPTICQKPFSTFETFE
1061 ACAACAGCCTCTGGATGAGGAACAGATAAAAGAGATGATCTACCAAGAAGCCATAGCACT
Q QPLDEEQTIKEMTIVYQEATLIAL
1121 CAATCCAACATACGGTIMMAAGTGCAGCAGCCCCGTGAATGCCTGGTATTACCCAATAAC
NP TY G =
1181 CATCCGAATGGCTACTTAGTATCTTTGCCTGTTCTTTTATTCATGTACTTCTTCCACATA
1241 TGTAATCTTGTAACTTTTATTTGTTTGTTCATGTTATTTACTGCTAGTGATTAAGTGTAG
1301 CTCC

C. mutiple alignment with other Arabidopsis MAP kinases

At687 N

ATMAPK3 B
atmaPks [
ATMAPKa L[
ATMAPKS L[
ATMAPK1 [
ATMAPK2 [
ATMAPK? [

Conserved region

Figure 13. The cDNA sequence, restriction map of At687 and
multiple alignment with other arabidopsis MAP kinases
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2) At355
At3559] genomic size= ¢F 25 Kbolw 7]£¢9 4#A thE MAP
kinaseE ¥ DNA sequence’doll A 40-50% identityE Holl} oWl ZHeo
MAP kinase?! A Hir= o] 912 ookt
2 MAP kinase®} homolgyE A Hol&= 3'-end % 1 KbE probe
2 Abgate] fHAe] Hds A A 53] dxdd osiA aA S

o] dot blot analysis® <15 tHFigure 14, 15).

0 min
5 min
10 min
30 min
1h
2h
4h
6 h = = " L] " &
12 h '
24h = ®m & ® » B &

Figure 14. RNA dot blot analysis of At355.

Total RNAs were extracted from the whole arabidopsis tissue sample
which treated various abiotic stresses (UV; UV chamber, ABA; 100uM
abscisic acid, JA; 100 pM jasmonic acid, cold; 5 T, high temp;37C,
drought; blowing on clean bench, NaCl;200 mM NaCl). 3ug of each RNA
sample were blotted on the Nylon membrane with a vacuum blotter and

hybridized with the genomic clone as a probe.
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Figure 15. Relative expression of MAP kinase 3 homolog, At355

The expression value of each samples were calculated after compensate

the expression level of TRNA as a control.

24N 75k AZ A 2] 3 arabidopsis® RNAZ o] &3te] RT-PCRZ 1.7 Kb
cDNAE #trste] S4IL4& A8l

At355+% 7159 &%l MAP kinaseE¥ Hlagd wf 5'-end®] 200 bp7d =l A
homology7} %A WElstow 3'-end Z0 2 At3550 9 &3]3} sequence”}t
oF 300 bpA &= =35}

DNAX9] identitye= ATMPK1-853 Z+7Z} 40-50% A== YEFYU™ amino
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acid sequence AAAM %= Z+Zte] ATMPKE Y 9F 20% AHE9 identityE HA

t}(Figure 16).
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A. Restriction map

5!

(fla | Sac | Bam HI EcoRI 3
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1.7 KB

| !
Nco | Hind Il

B. cDNA sequence
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541
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781

841

901

961
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FLQVQILDGDGHMRNTIAQTFPTF
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I R R C =
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. T2 arabidopsis MAP kinase2}2] mutiple alignment

ATMAPK3 [ _:
ATMAPK6 [ :
ATMAPKe [
ATMAPKS [
ATMAPKA1 |:
ATMAPK2 [
ATMAPK? [ :

=

At355
Conserved region amino acids

Figure 16. The amino acid sequence, restriction map of At355 and
multiple alignment with other arabidopsis MAP kinases.
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At3559 EA BALS 93te] pNBI6 vectorE ©] 83+ sense ¥ antisense®

waE £ QT2 vectors A ZHele] wild type Arabidopsis(Col-0)ell &2 =3

Sense expression& vector?] 749, full-lenth ¢cDNA (1.7kb)E A} &3} o,
antisense expression& vector?] 4% tE MAPKS} FAAo] ¥ 3 #Hyg &
Sol4 F-91<Ql 300bpE AF&stAt (Figure 17).

Sense expression & vectorz & A3 2] EA (T1) 1409 7KA, antisense
expression & vector® ¥ A A3 AEA (T1) 600 MAS SHse] Ax ~E
g 2ol gk 7l sS gl

2

Wild type ¥ &4 A3 AEAE AT spEol FFoto] ol F = T H

S Za8Htt. Sense line® ¢, wild typedl ®l&] Hluz A £x7F =g
a JRAe]l =7 e AEE] Akt a8y, B FE o 409 o] FHE wild

typedl = A W & &4 23 rosette leaf¥} cauline leaf] <4 - LA}

A3} 87 inflorescence’} 28 A= 4ol #ZEFH = vA A A3 A EH

T R e Mo = 9 e Axe] #AHA 2%om, root bending

=
g o]l #&EEHAT (Figure 18).
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Figure 17. Vetors for the re-capitulation of drought stress-related

phenotype induced by the application of At355.
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(A)

Sense #4 Col-0

T

(B)

Figure 18. Drought stress-tolerant phenotypes in transformed by sense
expression—-vector. (A), Cold-treated T2 seeds were sowed in soil. There was no
supply of water for 8 weeks after sowing.; (B), Root bending assay. 7-day-old plants
were transferred to half-strength MS medium containing 450mM D-mannitol and then
cultured for 2 days. Growth retardation in rosette leaves and roots was observed in
the D-mannitol-treated plants. Formation of root hook and lateral roots was observed

only in the mutant plants.
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Aol A A1z AYA Wolal Ade 98 PEG AglE 30% PEG(Mr=8,000)5 3
Frak 1/2MS HA A A 25 FF AElate] xRl ofAy Pl Hlste] W&
7= WolAlE Adstd o e Ade] g7 Wil mannitolS Al
g3t $& A5 AT

Hol= 98] T1 A= 10 line® pooling3te], D-mannitol 3+ Hj

e/

i1t
oo
a2
o,

Aol Al root bending assayE F-3FA Tt 4, assayol AF8E mannitol?] T =
£ ZAs7] ¢, wild type A EAE o] €3] ©AYE D-mannitol FEel] wE

root bending A4S on] 2E3ATt Wild type EXE T 2535t 39 5

[¢]

et AT A AL AHedt & A& wFE Petri dishell #WiF& wiA (IxMS salt,
3% sucrose, 0.7% agar, pH 5.7)& Ho &3]3, 21 9o A& A3 FAE 1
E3he] 21-23C, 16hr/8hr - light/dark cycle sholl Al wigFstaich 54 & W%
sk 2 cotyledon ®37F o= AX P JAATE lateral root T3t Y A
B AEAlE =8¢ forceps o8& MIAIZFYH S A 2HA ol W
o], AHZ} Petri disholl =3 ¥ X wjx] o] #e]o] wiko] #2lo] HIi %
A ~HA Gk o, el BE R o] v xWe BREE dof &b &

of =A<l E4e] 7helAAl =S Ptk Mannitol WA= 7] 24 02 0.5xMS
salt, 1.2 % agar, pH 579 ZFAo|lom™, o]o] D-mannitol (Sigma M4125,
M.W.=182.2)¢] ¥%=7} 300, 400 1¥]31 500mMeo] =% H7lstavt. oA
mannitol =5 7FA & vj#]o] A &S ¢S Petri dishE 2447 b0 2 A7
Wako g 90°4 =Y 71E 23], 1elal uA 48A17F Fofl wpx o e gk W o W

&S vhHo] 7 root growthE #HZ&A T ZA¥AH S =2 mannitolo] §le A
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o= AAH o7 HolW root gravitism¥} 2o wrAo] mannitol & 7}ol
olg A7t Hi= Hol #AFJLE 500mM oA FE siAbEE A A7 BEE
o] lateral root A7ge] A=A WA AHAE=
assay & =2 ZAAsA (Figure 19).

Tl E25 B 23 AL A s =

oft

o] AL 450mM<=

e

sl A 5 Eot wi e}
o 2 AMAE AFEEAT @ plate F WelA 50 A, wild type 15 A7}
L5 shal, v 2xolA AWemRY 777k oF 80°7F War el 91A 7t
fFo] HE% plateE FHAA wiFedot 2125FH °F 3-49 F dx A4
o] Y& WolAE, rootd gravitismeZ <15 root hooks FAsAA W wild
typed} AAAES 7HAA = WolA= el Aol dojubA etk T1 Al
el g4 A8 AEA F 1 copyel T-DNAZF Eol7te MAE Adsr] 93
of, Mol P& (root hook &) ok FA (root hook &4 <He)=E il
= BoY] (segregation ratio)7} 3:1 ©] H*= lineg A3t AW #AQS =

S ¢4 FAe wolk AANE Austgon, of F fd4 ReAYL FI59
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I day

Figure 19. Determination of the concentration of D-mannitol for the
root bending assay. (7}), Control; (1), 300mM D-mannitol; (t}), 400mM
D-mannitol; (2}), 500mM D-mannitol. See the method described in the text.

2. T-DNA copy & &<l % co-segregation 4]
AEE JRA R¥olA 1 copye T-DNAZE

o
Add As

analysis® %3] &<1% & T-DNA A3 A= U4 J2d9 AdA

7] §1&te] PCRE &3l co-segregation test® A A3t

s 59 Az 97 44

3. 221 = 34 (Plasmid rescue)
Eay A= TR

=}
Z,
=
i
M

Enhance element 99 flanking
(plasmid rescue)E& AAIstth A A& 2 EA S genomic DNAE #&3ta
EcoRI =+ Kpnle 2 A3l t}S T4 DNA ligases ©]-83}9] self-ligation A
713 ol A& E. coli ME] FA Agste] T3 b flanking DNAE X &3}

= plasmidE 233t
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4. A% 2EY 2 A WolAle 54
HoAgol 7)o 7] X activation tagging pool®] screening2 E3] A

Z 2E# 2 AFAHS Bl WHolAlE AEs At (Figure 20).

= HolF3h

TAIL PCR W¥el o&] 289 T-DNA o] 91X& ORFE Zohfo] 1

AE A AL, Al F RS probeZ WolA| e} oAl oA o] MHAAHEE

W A opg ol M= obF moketAl W H = Hlske] W ol A el A

A FEEE RS FAstA th(Figure 22). 9y #2138 f1219]

3171 $13te PCR WW o= cloningdt ORF regionS over expression vector®l
oF

@ (Col-0) h718uE FAde A2 23 @G| Ads ] 7]

= m

i

7OL g].

N
(6]

]l—:.__.

[¢}

il
d
o
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Figure 20. Phenotype of a drought tolerant mutant after 28 days of stop

watering.

Figure 21. Characteristics of mutant treated 600mM NaCl

Figure 22. The expression level of the gene that isolated from drought

tolerant mutnat

A 44 Fe WHolA A =L {F-HAR 2
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RT-PCR
WA M
k-
|
1. g8 WHolxo £ 3 54
7H AAE #E "ol A
1) ¥o] ¥4
AMA AA albinisme WEIE WolAZA, cotyledon 3 £E=E wild
typedt H|S2opARE o] 5 o] WAy JhA] A S A8 Eolxlth 3%
sucrose &4 sloll A ¢F 35 FQF WA S wl, wild typed lateral root 234
2 e FA AR JgEE ) HolAs 4 Al 29 HAAE o F
oA ARt WA A7) B Aol BAF AEolH, lateral root FAol Lol
A kgt (Figure 23). ol st @42 w2 ol sucrose’t $ls wf v &<dshA

el =1, cotyledon A Elo] HEZE ddo] #&AFULH Fo FF35 S o
A Al cotyledon AEjel ME-=Zth7F A= lethale] ¥ %1t
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Figure 23. Phenotype of PAT-3. T4 seeds were surface-sterilized and
cold-treated for 3 days. The cold-treated seeds were sowed on culture medium (1x
MS salt, 3% sucrose, pH 5.7, 0.7% agar) and then cultured at 22+2°C under the

16hr/8hr— light/dark cycle for 3 weeks. The average segregation ratio of mutant to

wild type was 4 to 20.

2) T-DNA copy 4 &< % co-segregation test
Southern blot analysis& 33 23 1 copyd T-DNAZF A43dd AL &
st om™ (Figure 24), T-DNA A3t ®Wo] Ao AAAHS Fst7] 918t
T4 AdjelAel wol Fdo Fen] #A43} 7AW Southern blot analysisE &
3l co-segregation testZ AA|EAT. I A PAT-3¢ Wo] d=zo] T-DNA
A Aot d#Eo] s gl + AN (Figure 25).

5
bt d;f“ A
(k) <"

23. 13
342
6. 58

4. 5%

Figure 24. Confirmation of T-DNA copy number in PAT-3 through
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Southern blot analysis. Southern blot analysis carried out in the mixture of T3
generation plants. 5 pg of genomic DNA was fully digested with EcoRI and then
electrophoresed through 0.8 % agarose gel overnight. After electrophoresis, the gel
containing the digested DNA was processed and then transferred to a nylon membrane
by capillary transfer. The DNA-attached membrane was hybridized with P*-labeled
3-kb fragment of pBlueScript-SK(+)/EcoRI at 65C overnight. After washing of the
excess radioactive isotope from the membrane, a radio-sensitive film was exposed to

the membrane at -70C.

Figure 25. Co-segregation test between mutant phenotype and T-DNA
insertion in PAT-3. Upper, segregation of mutant phenotype in T4
generation. Approximately 80 seeds harvested from each T3 plants were used.
This test wasn’t carried out in T3 homo plants with lethalities (# 10, 21, and
25)

i
)
[>
o,
[
totr
4
o
i)
o
of

& ok 22 kb Z7]¢] flankig DNAS 2 &t%lt
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(Figure 26). 9471 A< #4 A3 Arabidopsis chromosome 22| putative
WRKY-type DNA-binding protein®} integral membrane protein®] intergenic
region®]l T-DNAZ} Agddl Ao = o= Aa, AA7EA o] G tafjrie= B

g 7wol glol $5 A= olojAof & Aow Atmdth

o Pl =3
(¥l EE ES EP
= il
L
[ B
pHEtierpd 45 5]
| G
3 PAT-3
2.2 kb (7.3
7/
¢
Maii
u-l.-.ellmwn.-l-ul"""L
¥ el [ LK)

Figure 26. Rescued plasmid of PAT-3. Genomic DNA from the mixture of T3
plants was fully digested by EcoRI and then self-ligated by T4 DNA ligase. The
ligates containing pBlueScript-KS(+) were amplified in E. coli Topl0 cells. The
amplified plasmids (=ligates) were digested by several restriction enzymes to confirm

the size of flanking DNA. EK, EcoRI/Kpnl digests ; ES, EcoRI/Scal digests; EP,

EcoRI/Pvul digests.

) HEA) px - el wol A
1) LF508
(7h Wel @4

18h/ 6h9] light/ dark cycle slollA <1F njFdolAx wjtstR S w, wild
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typeoll W&l ¢F 105 7}% flowering ©] %=1t} Floweringe] A12FE ], rosette
leaf?] =+ oF 407 o]Xold o™ rosette?] ZZo] wild typed 4w o]Ao]A
t}. Floweringo] & HA]  rosette leafoll A M A7 mAl dAo] 2y
Ao, o AL AMzZo] FE mAolitt flower AAC] A7IE wild type°l
H&] d A3 %o, inflorescence ol flower7} 2ol Aek= Aol Uit
2o AAF stoll A mga S w, 1E wMFAdA B} inflorescence”t 44}
ol o] Askom, FAe Y= wild typeRth oF 3ulolA Bl 200

wekt}h (Figure 27).

(A) (B)

Figure 27. Phenotype of LF508. (A) 4-week-old plants of wild type and LF508.
Roots were not shown in this figure; (B) 11-week-old plants of LF508. Seven plants

were shown in a 15cm x 15cm pot.

(1}) T-DNA copy &= &<l % Zgav= 345 53 flanking DNA

ol

o
_l |

Southern blot analysisE 33 23}, 1 copyel T-DNAZF A% A
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sFATh (Figure 28). Fet~v|= 345 5319 insertion siteE E&ste] 47]
o

48 F3s A Arabidopsis chromosome 19 93 F 71¢

>

“putative Ca2+-binding EF-hand family protein (gene id= Atlg70680)"2]

intergenic region ¢! Ao 2 A=At (Figure 29).

C 1 24 5 67 8 9 10111214

2312
042

656

C 1516 17 1819 20 21 22 23 24 25

2313
242
656

Figure 28. Southern blot analysis of LF508. Southern blot analysis carried out
in each T2 generation plants. 3 xg of genomic DNA was fully digested with HindIII
and then electrophoresed through 0.8 % agarose gel overnight. After electrophoresis,
the gel containing the digested DNA was processed and then transferred to a nylon
membrane by capillary transfer. The DNA-attached membrane was hybridized with
P*-labeled 700-bp fragments of Bar gene at 65C overnight. After washing of the
excess radioactive isotope from the membrane, a radio-sensitive film was exposed to
the membrane at -70C. C, wild type; Red, mutant (homo); Black, wild type (hetero);
Green, wild type (No T-DNA).
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LF5089] @A71AE Ao EHoz “CATCTTTTACCATTCTCTT"7}  zinc
finger-NEX domain® & transcription repressor2} homologyE Hol:= ZHoR
LERREE o] domaine Q13Fe] AR AIAIQ] NK-X1olA4 %7 %= HLA-DRA
Aarel oA =M zshale] WAl e AR AFAA )

3} shuttle craft @22 I ),

ofr

el
=
T3l LF5082 calsium-binding domaing E 3t 99 lipid body 34 %
AF#A o 7]%5E 3= calosin proteinol Al ¥ A% = EF handsE 7FA 3L A%

.

Bt
{1 ah

- A e Flinkag To

LE — ki - a )

Figure 29. Rescued plasmid of LF508. Genomic DNA from the mixture of T3
plants was fully digested by HindIIl and then self-ligated by T4 DNA ligase. The
ligates containing pBlueScript-KS(+) were amplified in E. coli ToplO cells. The
amplified plasmids (=ligates) were digested by several restriction enzymes to confirm

the size of flanking DNA.
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* Alignment of Caleosin related protein family

conpenpur 1 ADEEGHTTLOCET SFFDREDGT IV PET DG AL GEITFSATTA IFTHGE SYETLE 20
5 TSEFFETTLRRHT FFWDFESTHT PRI A G RRT G SFAFSTAT TP TSGEL SFHTAT &7
2 HTHDML STLOOEC A FFDODTET T PET Y S BRI GE T IASL THA ITIMTAL SYFTIF 121
33 HEMNGL STLOAHT SFFDI DD TYPET 3G BHOGENT IGSL ITASTIML TLSYATIF 116
&1 ROHRAMSTLOOHTAFF DL DG TP ET Y GE L GEMTITSFFLATA TMIGL SYFTLE 120
od Ao THO T A FF DD TP TR BDL GEP TSSTFWTLL IML AT SYTTIF 113
a] PWHMEEWWITHHIWEIGCMETMIW ™

@ WEEGETAL FEHTSFFDRIF G FHEAFTATFFAMA SEETRF 48
LFE05 11 FUPEEDHFLORATAFFORMEDGT TYPSETFOGRRA IGCET T SATASTF INIGLSSETRF 70
0 BO 20 100 110 120

et e el R e e e e |

conpenpup  B1 GWIPSFLLFIYTEMIHES ERGEDSGET D8 BGR T TPSHF EEIFSEXARTHEDAL TLEETER 130
&5 SETFOFRLFTYT R I GIHT DTG YD EGAF D SERF DT ARV D IGHEGS] TOFFTES 127
122 GYIPSFFFFIYLYHIBEAEREDSGTYIT BGH T PHME FH FoEAS RTHPDET TLGRTHE 151
113 GMLPSPFFF Y THNIBESERRDSET YDIEGHFHETIL FT TFSEYAETT FOELSTGRTHE - 175
121 SIPSLIFF I ENIRRA B D s T DHEGR T HETHE ES T FAEMA RTAFDEL TFGDIWE - 150
114 STPSFLLFTY T DI EEARRGREDSSTYDT EGE Y TETHL NI FSEYAT TTEDEL SFERTWIT 173
95 AGETFIFALTT YT EH] BEA RGNS DARGRTT PRMFEET FETYATTRFDALTI A FHAT 154
47 MOLFGY TP FT EPFUC T T — T DEDGRF TESEF EETFHERSRTAEDAT TAEFTED 104

IFE06 T1 GEGFSIWFFIETEMTHL & ERGED G DEDGRFTA SEFEE T FTEARAATHRDAT THE FT FQ
120 140 120 180 ma 150
e | e AR Bl e Rl e S e, UL R ]
conpeneue 121 HTEGREFFIDEFGHT A5E: TEHEL LY TLAE——DERFLE 158
125 LTREIRFFENEEGHTGSF TEWMISFHL &by e pDGELFTY 187
152 HTEAMEFAFDIFGHT 4.5E: HEWTLL YT A F——DRMFTS 217
173 MTEGTEDAND T PG AGE: IEWGLIVITAR—DEEGELS 214
151 HTEGIRTAT DI DGR ASE: GEILLYTLAE—TDFNFT R 218
174 TTEGIEHS TTETGHLSME: TEWILLYITAE—DEDGFLS 200
155 HLFAERT-IDFT M FPC TG L FTLA5——TINLGFIH 153
105 ML ETHREFYDE IGHFTTY okl nynhow cvhed fin A TEWETT HTT A0—DIRTT 159
1506 121 LI EAMEFFHDEEGHT S TEENL YL CE——TENATH 188
120
e L e

conpenpul 16T EFATRGIYDGSIFRETAE 174
18F EFDITGIMOGTIFFEISE 1A Purarive Ca2+ binding prorein, chlorella
21k EFATERCYDGSIFEYTAE 255  Z7VEDa CaZt binding prorein, Sepame
215 EFATRRCFOGEIFITAE 232  Embryoepecific prorein, drabidopeis Ler
217 EFATRERCFDGSIFESIAD 234 EFAZT for PF hand, ABA, Z27ED, rice
210 EFATRGCFDGSIFEOIAE 227  FD20 prorein, Arabidopeie Col
190 EDSTRGIYDGSIFIELFE 207  Purartive Ca2+ bind FF band procein, barley
10 FOATEGTYDGEL dlslon 177 Similar o CaZt binding FF hand prorein,
LFE0R 187 EDTTRASYDESIFFELFE 154 drabidopeie
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(t}) Co-segregation 4]

(1) T3 Aol Ae] Wo] P4 e &<l
Insertional mutation®] -9 P&l A FHF==Z & Ao U FHdA =F
7F Wolgd Agent wo] FAS wdstnE Wo|] FAI T-DNA Alo]o]
WS gelstyl fsid= T3 Aol A ] "ol Pt op FHo Zeul s &
o1&t} T2 Athe] 21 &Eo] homozygoteS! A heterozygoteQl A F&3sfojof 3hc},
LF508¢] T3 Aol A o] Wo] &3} ofA o] #eju|= Table 13 29ttt

T2 Altj T3 Al T2 Alti T3 Aty
AE | B | HolF:oldy | AE 7| FHF | Hol¥: oy
1 oA 2:8 14 oA 1:9
2 op 3 0:9 15 el © 0
4 oAl 3] 1:9 16 oAl 3] 4: 6
5 oA 0: 10 17 oA 1:9
6 oA 2:8 18 oA 0:9
7 oA 1:9 19 oA 0: 10
8 oA 27 20 oA 3:7
9 oA 1:8 21 o] 8:0
10 Ho|3d 7:0 22 o] & 9:0
11 oA 27 23 oA 1:9
12 oA 2:8 24 oA 1:6
13 Ho|3d 10:0 25 o] & 7:0

Table 1. Segregation analysis in T3 generation of LE508. Ten of T3 seeds

harvested from each T2 plants were sowed in soil.

(2) PCRE %73 co-segregation #4]

Table 19] 7 A EAZFEH 42 genomic DNAE ©]&3o] bar 73S PCR
&ttt (Figure 30). 234 o= 74 229 T2 Avfe] G5 T3 Alvhe] &4
H = HE bar 28] &4 AFE 3PS ek A9 dAst= 4FS Ue
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ik 174, 2003 219 259 49 Figure 259 A3 A= YELR &9k
o} olF F7F AF A bar FAAY EAE FelEA o (data not shown),

o] 3 AL Southern ¥4 A= A=At (Figure 23).

W Cmé-m 0 O F A &% & F B & VBN ORF 0 e

.- . ]

& a= *‘-‘—..‘“

WOAE BT M IR W O OB A W

Figure 30. Co-segregation test of mutant phenotype and T-DNA
insertion in LF508 by PCR. 700-bp fragments of Bar gene were amplified.
Primers : Reverse, 5'-gac acg ctg aaa tca cca gtc-3’; Forward, 5'-ctc gag tca aat ctc
ggt gac-3'. Reaction mixture : Takara Ex Taq™; Protocol : Cycle 1, 94C for 2
minutes (1 time); Cycle 2, 94C for 1 minutes — 55C for 1.5 minutes — 60C for 1

minute (30 times); Cycle 3, 60C for 15 minute (1 time); Cycle 4, 4C for oo (1 time).

(3) 715 %

Late-flowering & &l o3k Atlg70680 Fd =] 7|50 A=A Felsr] 9
3ol ABRCZH-E] Atlg706809] exon HE+ intron H$o T-DNAZF A9#
Arabidopsis®] ®olA FAE FYste], LF508¢ &S vlw #HFeATh

jines
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sk WolA EfolA ok gdEPl A FAFIS oM, late-flowering &2

el
2 wolx @gout (Figwe 31) F%£A77 278t FHATE Foho] 2

f+A2e]  sense, anti-sense  expressions %3  mutant phenotype

complementation study S°l &3] 7]5°o] &= Aoz Alg ),

1

Salk_ 009201 mw Salk 009209 o3

Figure 31. Phenotypes in two mutant lines with T-DNA insertion in
Atlg70680 gene. Salk_009201 and Salk_009201 seeds have T-DNA in the exon and

the intron region of the gene, respectively. After 3-week culture in soil under the
16h/18h-light/dark cycle, flower bus were generated only in Col-0 and two Salk
mutants, but in LF508.
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2) LF10-238

=0 ARG stol A wfgstls W, ok ol vl oF 65 ol JHst A7)
7b =dv oA A&TRRE LFS083 vi-¢- frAbgE Wo] dAS Kol JMAIRA, A
sl7F Al2HE wf rosette leafe] & oF 40 o]/dol oM, rosetted] 2 7 o]
wild type2] 4u] o]Alo]dtt 9 zpA o] MZo] H Aol o1 inflorescence
7F wWl$- =o] Ao, flower A9l =7 % wild typeol ®]&] #th (Figure

32).

(A) (B)

LFID-238- . Col-0

Figure 32. Phenotype of LF10-238. (A) 3-week-old plants of wild type and
LF10-238; (B) 8-week-old plants of LF10-238.

Southern blot analysisZ <33+ 23 2 copy ©]4¢] T-DNAZF A4dE A&
tolsl it (Figure 33) plasmid rescue WHoZ xS E&3dct (Figure

34).
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C1 26 7 01001 1214161019 2022 2325

BALVE .
e Figure 33.
ESE

Southern blot
e

analysis in
LF10-238. Southern blot analysis carried out in each T2 generation plants. 3 ug of
genomic DNA was fully digested with HindIIl and then electrophoresed through 0.8 %
agarose gel overnight. After electrophoresis, the gel containing the digested DNA was
processed and then transferred to a nylon membrane by capillary transfer. The
DNA-attached membrane was hybridized with P*%-labeled 3-Kb fragments of
pBlueScript-SK(+)/EcoRI at 65C overnight. After washing of the excess radioactive
isotope from the membrane, a radio—sensitive film was exposed to the membrane at
-70C. C, wild type; Red, mutant (homo); Black, wild type (hetero). Basta-sensitive
plants described in Table 2 were omitted. In case of #8 and 18, there was no bands

for the very low concentration of genomic DNA digests.

{Lam) M HE P HE

LB LF10-238
. {5 0 kEh)
0.6 Eh 'N'\__ et
o ol
Hinudlll

Figure 34. Rescued plasmid of LF10-238. Genomic DNA from the mixture of
T3 plants was fully digested by HindIIl and then self-ligated by T4 DNA ligase. The
ligates containing pBlueScript-KS(+) were amplified in E. coli ToplO cells. The
amplified plasmids (=ligates) were digested by several restriction enzymes to confirm
the size of flanking DNA. N, uncut; H, HindIll; E, EcoRIl; HE, HindIIl + EcoRI.

LF10-2382] T3 Althell A o] Wo] @A a o dde] &eul= Table 29 2%
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T2 Acj T3 At T2 Ajth T3 Alth
AlE # | By | Hol¥:op¥Y | AlE # | FHF | Holy: oY

1 Sk 3:8 15 opA Y -

2 ol 12 : 0 16 opAi 3l 3:86
5 ofAg33 1: 11 17 opAl & Basta-S
6 of3 4:86 18 el 12 : 0
7 oAl¥ 1: 11 19 oAl 3] 2 : 10
8 o] ¥ 11 : 0 20 oA H 2 : 10
9 o ¥ Basta-S 21 oAl 3 -
10 oAl¥ 3:8 22 Ho 3 12 : 0
11 Ho s 12 : 0 23 wo|ay 12 : 0
12| opd¥ - 24 op 33 3:9
13 oA Basta-S 25 o] 3 10 : 0
14 | opad 5:5

Table 2. Segregation analysis in T3 generation of LF10-238. T3 seeds

harvested from each T2 plants were sowed in soil. 'Basta—S’ represents the sensitivity

’

to 0.02% Basta. This test was not carried in '—-'-marked plants, because T3 seeds

were not available.

3) LF6-135

Rl wlal G £t =wm s A7) E=E of 25 A =9 WolA
ZA, AAAQ JfAe] Aol FE& =S YEY AT Secondary inflorescence
7b F o R ol zetH, siliqued] WA FEjY A7]= ofAFE B frAlSt,
AA A QD FAFe] F2 o F e vls| tha AL oAtk (Figure 35-A). &l A
oF 45 &<t A A& 500mM NaCl Aol A& HeolH (Figure 35-B), 7
Z A= WS YEHATH

o
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(A) (B)

Lol LF&-13%

Figure 35. Phenotype of LF6-135. (A) 3-week-old plants of wild type and
LF6-135; (B) NaCl-tolerance after 2 days of 500mM NaCl treatment. 3-week-old
plants in soil were used. All plants with mutant phenotype showed NaCl-tolerant

phenotypes, delayed chlorophyll degradation and maintenance of turgor pressure.

Southern blot analysis® 33 Z3, 2 copyd T-DNAZF Ad¥ AL kel
sttt (Figure 36). ZE2v|= 3|5 F3l9 ZHgAav= 58 3
insertion site ¥ & #E3A T (Figure 37). 971 A4 ¥4 A 3ys

Arabidopsis chromosome 5] “Phosphoglucomutase (gene id = At5g51820)” <+

fije

fi
ol
2L
)

AAF9] intron 92, 2 3 B9+ chromosome 3¢ “Unknown protein” & &

ol & = A et
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£ L

3

.
LA

E

Figure  36. Southern  blot

2 analysis in LF6-135. Southern

blot analysis carried out in T2
generation plants. 3 pg of genomic DNA was fully digested with HindIIl and then
electrophoresed through 0.8 9% agarose gel overnight. After electrophoresis, the gel
containing the digested DNA was processed and then transferred to a nylon membrane
by capillary transfer. The DNA-attached membrane was hybridized with P*-labeled
3-Kb fragments of pBlueScript-SK(+)/EcoRI at 65°C overnight. After washing of the
excess radioactive isotope from the membrane, a radio-sensitive film was exposed to

the membrane at -70C. C, wild type.
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Figure 37.

Rescued

plasmid of LF6-135. Genomic DNA from the mixture of T3 plants was fully
digested by HindIll and then self-ligated by T4 DNA ligase. The ligates containing
pBlueScript-KS(+) were amplified in E. coli ToplO cells. The amplified plasmids
(=ligates) were digested by several restriction enzymes to confirm the size of flanking

DNA.

3) L ofe] WolAl =
Aol AZ WolAls olefele el AA ¥y WMol (Figure 38), T4

E 94 FEele WolA (Figure 39), 28l A& % WHolAl (Figure 40)& &

53ttt @A o5 WolAle FHAREAI flanking DNA #8 445 F3 5
o, 3PH R F8&3% IHAE AdHE A AFEH 7T 7S FPT A
o]t} 1) Rosette leafe] YF-7F 9% o2 &3 A Hsle EHES YHEY 2)

[e]

of i Fx7F MolA A 3) Ao A Fato] ofA ol vte] =7]3
2 Yeyr dAAom #a, Agk 548 0 early flowering 9 4) 1WA
S A BE 5) duin) drHe =MAHT g

FEol 4713 A

i3

ek v AAIE 02 compacta BEY 6) o] oGl wlskel DA e}
g AA GO obgHel vste] Ak meg molu Y&

_77_



Figure 38. Mutant
lines with lethality at the early developmental stage. A, albinism in
cotyledon and retarded growth (19-705); B, breakdown of phototropism and arrested
development (14-38); C, abnormal development (10-78); D, pale green and retarded
growth (8-178); E, breakdown of phototropism and albinism (12-125); F, arrested
development and albinism (19-153); G, breakdown of phototropism and albinism
(10-89); H, abnormal development (10-173); I, abnormal development (4-109); J,

albinism and arrested development (19-401).
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Figure 39. Mutant lines with sterility and altered architecture. These

plants were very small and made abnormal flowers and abnormal siliques. A, 4-123;

B, pale green 4-123; C, 3-123; D, 9-65; E, 4-123; F, 19-153.

Figure 40. Mutant lines with altered architecture. A, early-flowering
(8-202); B, late-flowering (10-200); C, giant (4-123); D, rose-like rosette leaves and
abnormal siliques (6-162); E, wavy rosette leaves (2-103); F, oval rosette leaves
(10-253); G, small (2-63); H, small (9-165); I, round rosette leaves and small (18-111);

J, saw tooth-like rosette leaves (8-124); K, pale green and longish rosette leaves

(2-73); L, longish rosette leaves (12-33).
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