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< SUMMARY >

| EELES | D-02

Purpose&
Contents

The aim of this research project was to develop our own marketable and
stress—tolerant genetically modified (GM) rice lines by transforming a gene
that confers a climate change stress—tolerance response without affecting
other aspects of the metabolism, and using a none—antibiotic or herbicide
avolds an apprehension for safety and an

selection system that

international conflict over intellectual property rights.

Results

The Arabidopsis transcription factor gene AtMYB44 was transformed into
rice plants (cv. Ilmi) using the Agrobacterium—mediated procedure. The
T-DNA construct used contained #A cDNA encoding a toxoflavin lyase.
Toxoflavin is a photosensitizing phytotoxin, and thus transgenic plantlets
were selected based on their tolerance for root development under light
conditions. Three homozygous lines with successful transformation were
confirmed by determining the integration, expression level and copy
number of the AtMYB44 gene. Genomic locations of the inserted T-DNA
were determined by adaptor-ligation PCR and analysis using an open
access web tool used to localize the flanking sequences of the transgene.
Transgenic lines with successful intergenic transformation of AtMYB44
exhibited significantly enhanced tolerance to drought stress compared with
wild-type plants. The AtMYB44-transgenic lines (50-100%) had higher
survival rates than wild-type plants (0-10%) during 3 days of water
deprivation. In a field growth test, none of the AtMYB44-transgenic lines
showed a difference in developmental progression compared with wild-type
plants. Seeds of the transgenic lines showed little, if any, difference in
chemical composition, amino acid content, and fatty acid composition.

Expected
Contribution

The transgenic rice plants developed in this research project will increase
agricultural productivity under extreme drought conditions caused by
Further, by
agronomic traits, national competitiveness in the international seed market

climate change. creating novel breeds with important

transgenic plants contain no antibiotics— or

and GUS
overcome consumer distrust and worry related to genetically modified

will be increased. The

herbiside-resistance selection marker reporter genes, to
(GM) crops and foods. In addition, application of the mother crop variety
(Ilmi) and the ¢fIA-toxoflavin selection system developed in our country
would make us to avoid conflicts with patents possessed by foreign
entities. The transgenic crops obtained from this research project would
be subjected to food and environmental safety tests in preparation for

commercialization.

Keywords

climate—chan . gene
rice safety

. marketability
transformation

ge tolerance
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PAATS 93 DNA constructi= LMO <SHAA I} 2] & Axkd &4
(design)atSivh. Ho] HAFHARZA & AFHdd 53{dc] 7|gH &
AtMYB44 7=} (Jung et al., 2008) cDNAE S 3%38lo] AF&3F3t}.

AR el 3 L2 RE (promoter)= 53 o] 20149 AEH = CaMV35S TR R
HE A&t A A2 & (terminator) 2 AF83F Tnos® 53 #Ho] 2011 AEFHATH
CaMV35S Z 2T E|o] o3 yutdo] AtMYB442] 5o 750 9IS F4 &5 T 4
A3 AFo A F&ASAT(Seo et al, 2012). AEvlA = toxoflavin A F2 AR tAAE
AH-&-3F3A
715 vector: royalty ¥A417F §1& pCAMBIA1300 ®EES A5 WHE3 pCAMLA HH
MEWSA sAE S Al wFEFE ol ARESkgith. pCAMLA+ T-DNA Wi
o] hygromycin phophotransferase) A&4 2 (Hyg®)E £33tz 9dom T-DNA ¢
of Z}upupo]Al(kanamycin) A FA FAAS zkaw v}, 18] 11 Right border £ 35S0 <
F MCS (multi-cloning sites)oll+= A& A At A7 L Xbal, BamHl, Smal, Kpl,
Sac ©] Ath 2 AFoAM = o] HMHE A &4 Xpad Xpnlo 2 Hutshar, o] F-9of 5
Zol Xpal AGAE, 3 Zod Xpnl AHAXLES 7M1 AtMYB44 7325 PCRE 533}
A3t (ligation)st Aot AIMYB44-pCAMLAE A4 Xholo= Awstal o] F9ld Xhol
AaA7IME s 45 "o z2tns FE A FAAE AP (ligation)stA . &9 H
DNA construct= 13 13 2t

Sacll Xhol Xhol EcoRl Kpnl Xbal Hindlll

my Hz oo

- = =

INT-MYB44-FW2  INT-MYB44-FW1 RB-extension
FW-extension INT-MYB44-RV2  INT-MYB44-RV1

pCAMLA

TFL-RV TFL-FW

19 1. tAA:AtM YB44 construct

2. DNA construct 97144 k<l

A9

ot

TR} insertEe] AVIAEE Aol A g DNA construct®] €48 gH<ls)
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Ak AW U primergs @A AVIAE EAS ARE 5, 4 @71AE 24
A¥%E BLASTEY &3 4o 057]7\102 Qs FRIstATE. AtMYB44°] AGI
numberi= Atbg67300 oljtt. A=A AMYB44 2L A FARe] Far=el Ag K, 1
g FH¥ vector @714 Ee AEE=E gttt obdl AVIMLA(LH™ 2)9lA insert DNA
of AVIMEL F2 (bold) A5, vector G7|AE2 At ExE ALY, ATdFax
Xbal (TCTAGA), Kpnl (GGTACC), Xkl (CTCGAG) = =2 XAsET. d7144E &4
of AF&3t primer 59 @714 E2 of ® 1o Akt

>pMYB44-Tf1A-CAMBIA

AAATGGACGAACGGATAAACCTTTTCACGCCCTTTTAAATATCCGTTATTCTAATAAACGCTCTTTTCTCT
TAGGTTTACTAAACGCTCTTTTCTCTTAGGTTTACCCGCCAATATATCCTGTCAAACACTGATAGTTTAAA
CTGAAGGCGGGAAACGACAATCTGATCCAAGCTCAAGCTGCTCTAGCATTCGCCATTCAGGCTGCGCAACT
GTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGG
CGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGCCAAGCTTGC
ATGCTGCAGGTCCCCAGATTAGCCTTTTCAATTTCAGAAAGAATGCTAACCCACAGATGGTTAGAGAGGCT
TACGCAGCAGGTCTCATCAAGACGATCTACCCGAGCAATAATCTCCAGGAAATCAAATACCTTCCCAAGAA
GGTTAAAGATGCAGTCAAAAGATTCAGGACTAACTGCATCAAGAACACAGAGAAAGATATATTTCTCAAGA
TCAGAAGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCACAAACCAAGGCAAGTAATAGAGATTGGA
GTCTCTAAAAAGGTAGTTCCCACTGAATCAAAGGCCATGGAGTCAAAGATTCAAATAGAGGACCTAACAGA
ACTCGCCGTAAAGACTGGCGAACAGTTCATACAGAGTCTCTTACGACTCAATGACAAGAAGAAAATCTTCG
TCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACCAAAGG
GCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCA
CTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCATTGCGATAAAGGAAAGGCCA
TCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAA
GAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGACGC
ACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGAACACGGG
GGACTCTAGAATGGCTGATAGGATCAAAGGTCCATGGAGTCCTGAAGAAGACGAGCAGCTTCGTAGGCTTG
TTGTTAAATACGGTCCAAGAAACTGGACAGTGATTAGCAAATCTATTCCCGGTAGATCGGGGAAATCGTGT
CGTTTACGGTGGTGCAACCAGCTTTCGCCGCAAGTTGAGCATCGGCCGTTTTCGGCTGAGGAAGACGAGAC
GATCGCACGTGCTCACGCTCAGTTCGGTAATAAATGGGCGACGATTGCTCGTCTTCTCAACGGTCGTACGG
ACAACGCCGTGAAGAATCACTGGAACTCGACGCTCAAGAGGAAATGCGGCGGTTACGACCATCGGGGTTAC
GATGGTTCGGAGGATCATCGGCCGGTTAAGAGATCGGTGAGTGCGGGATCTCCACCTGTTGTTACTGGGCT
TTACATGAGCCCAGGAAGCCCAACTGGATCTGATGTCAGTGATTCAAGTACTATCCCGATATTACCTTCCG
TTGAGCTTTTCAAGCCTGTGCCTAGACCTGGTGCTGTTGTGCTACCGCTTCCTATCGAAACGTCGTCTTCT
TCCGATGATCCACCGACTTCGTTAAGCTTGTCACTTCCTGGTGCCGACGTAAGCGAGGAGTCAAACCGTAG
CCACGAGTCAACGAATATCAACAACACCACTTCGAGCCGCCACAACCACAACAATACGGTGTCGTTTATGC
CGTTTAGTGGTGGGTTTAGAGGTGCGATTGAGGAAATGGGGAAGTCTTTTCCCGGTAACGGAGGCGAGTTT
ATGGCGGTGGTGCAAGAGATGATTAAGGCGGAAGTGAGGAGTTACATGACGGAGATGCAACGGAACAATGG
TGGCGGATTCGTCGGAGGATTCATTGATAATGGCATGATTCCGATGAGTCAAATTGGAGTTGGGAGAATCG
AGTAGGGTACCGAGCTCGAATTTCCCCGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCC
TGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGT
AATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATA
GAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGGGA
ATTCGTAATCATGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAG
CCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCA
CTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGG
CGGTTTGCGTATTGGCTAGAGCAGCTTGCCAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATAT
CAAAGATACAGTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCC
TCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACCTACAAA
TGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACC
CCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTG
AACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGATACAGTCTCAGAAGACCAAAGGGC
TATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACT
TCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATC
GTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGA
AGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGACGCAC
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AATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACACGCTGA
AATCACCAGTCTCTCTCTACAAATCTATCTCTCTCGAGATGACTTCGATTAAACAGCTTACATTGTATACG
GCCGAGCTTGACCGGATGCTAGCATTTTATACGAATATGCTTGGTGCGCAGCATGTGCATGAGCAAGCAGA
TGCGTTTACGATCCAGCTAGGAGTATCACAGATTCAATTTCGTGCAGCTGCTGATGGAACAAAGCCCTTTT
ACCATATTGCTATCAATATCGCGGCAAACCATTTTCAAGAGGGAAAAGCCTGGCTCAGCGGCTTTGGTGAA
TTGCTAACGGAAAATGATGAAGATCAGGCATACTTTCCCTTCTTTAACGCGTACTCCTGTTATGTAGAAGA
CCCGTCTGGTAATATTATTGAACTCATCTCGCGTCAGCAAGCTGCACCTGTACTGGATAAGCCCTTCTCAG
CGGATCAGCTACTAAGCATCGGTGAGATTAATATAACAACCAGCGATGTAGAGCAAGCTGCAACACGATTA
AAGCAAGCAGAACTGCCTGTAAAGCTAGACCAGATTGAGCCAGCAGGCTTAAATTTTATCGGTGATCAGGA
TTTGTTCCTGCTGCTGGGTCCTCCAGGACGACGCTGGTTATTTTCAGAACGCGTAGCCGTGATCTATCCGT
TACAGATGGAGCTGGATAACGGCGTCAGTCTGGCGATTACAGAGACAGGTGAACTGGTGATCTAACTCGAG
TTTCTCCATAATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTTCCTATAGGGTTTCGCTCATGTG
TTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAAATACTTCTATCAATAAAATTTCTAATTC
CTAAAACCAAAATCCAGTACTAAAATCCAGATCCCCCGAATTAATTCGGCGTTAATTCAGTACATTAAAAA
CGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACACCACAATATATCCTGCCACCAGCCA
GCCAACAGCTCCCCGACCGGCAGCTCGGCACAAAATCACCACTCGATACAGGCAGCCCATCAGTCCGGGAC
GGCGTCAGCGGGAGAGCCGTTGTAAGG

Right Border (RB) TAAACGCTCTTTTCTCTTAGGTTTAC
Left Border (LB) TGTTTACACCACAATATATCCTGCCA

Enzyme sites : #H24 bold €&

Xbal TCTAGA Kpnl GGTACC Xhol CTCGAG EcoRI GAATTC
CaMV35S promoter : =21 AMYB44 : A tAA: I}k
NOS / 35S polyA : T3~ pCAMBIA : H24

9 2. T-DNA construct®] 97144

3% 1. T-DNA construct @714 < &40l A}-83t primer sets

INT-MYB44-FW-1 CGGCGGTTACGACCATCGGGGTTAC
INT-MYB44-FW-2 TAACGGAGGCGAGTTTATGGCGGTG
INT-MYB44-RV-1 GATGCTCAACTTGCGGCGAAAGCTG
INT-MYB44-RV-2 GCTTAACGAAGTCGGTGGATCATCG
TFL-FW GAGGGAAAAGCCTGGCTCAGCGGC
TFL-RV GCCTGCTGGCTCAATCTGGTCTAG
RB-extension GGAGATTATTGCTCGGGTAGATCG
FW-extension CACTGCCCGCTTTCCAGTCGGG

3. Agrobacteriumell & A=A} A A

pCAMLA vector (kanamycin resistant)ol] A9 ¥E 44 FAR} AtMYB44 - AAE
Agrobacterium®-% A A 3FA . DNA construct® Agrobacterium tumefaciens LBA4404
(tetracycline resistant)®ll electroporations A7 kanamycing $F#3F AB-KT LA 4] %]
LEshar 28°C v F7| oAl 393t vl et ATt Agrobacterium®. =2 FAA7E B H AL g

A3st7] flsl AB-KT A3 wjxel Al #tgt single colony 12705 A= &le] cell-PCRE 43
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SEATH AtMYB44 £ 45 E PCR & 4 3+ primer?] INT-Myb44-FW-1 primer
(5'-cggcggttacgaccatcggggttac-3)9t Myb44-C primer (5'-ctcgattctcccaactccaatttg—3') =
cell-PCR 3&}o] agarose gelolA] <13 Ay} RE colonyol A oA AH size?l < 600 bpo
PCR productZ &elst 4= AAtH2d 3). o] T A HAL F HA colony= co-cultivation
of Ap-&3FSit.

7 8 9 10 11 12

19 3. Agrobacteriumol| 4] =3t T-DNA construct (PCR products)

oo} Mg olgulg ] gol Hol® AMYB442l A71L9S sl AFE S AT
At AR Aol® AlTFS kanamycin (50 mg/L)o] H71E LB wiA| A AWt A
HE colonyE HA| v x]ol| A 7]9-31 o] 7] A F=ZE3F plasmidE template®2 o] PCRZ <
#3502 insert DNAS] &A1& &2l th(data A=), A ¥ plasmidE template= 3}3l
AMYB44 471949 4% Ddddo] BamHIl siteE AZA3 primers 7FHA1 £ZE3 3
pPGEM-4G vector (Promega)®ll 4stal SP6 2 T7 primers 7FA| i 97|14 ES E43H4
o A2 A 100% A AMYB449) @714 95 Fdskidth (97142 24 data A=)

‘

A 22 AR Aol

Agrobacteriums "WNE s W %d} dolg HsliAe ¥ Ho=2ZRY A
(callus)E fridtolof gttt & AFoA e AHEE FL3t7] A8l 458 W #3502 &
H7 Av ¥ (Oryza sativa. cv Ilmi)¢] mature embryo% A3 T

W SAEFE FAdSe] A5 AHAE dojur] A& A T oF 20079 FAFe
@7\‘?‘_— B 7AW At ]%% dd Atz ol 70% ol ¥-2 100 mLS o 5E3t

A &5 HolE £ 50% ZF2~ 100 mLS 23l 120 rpme] 7] oA 1523 253}
5, w565 Aol @ﬁﬂ %74+ 2N6 Aol f7] wAo] Mgt 28°C u)
Fr1NA 4FZE PF HAT 4FF embryoR R f718 el (19 4, 92)F A9

th olg T A4 1-3mm A% 4 Ae] 22 HAEste] Y2 2N6 nAMA 2 Aot 54
3 w0A 499 AY2E FHR do] AP AFESIATHE 4 2 &%) AF A&
iAo =4S 1 20 Al

_14_




a9 4. dvHy callus =

208 fAR Aol8Y WA 24

Medium Composition (per liter)
CaCl.2H,O 0.44 g, KH,PO,4 0.17 g, MgS04.7H,0 0.37 g, FeSO4.7H,O 28 mg,
NaEDTA 37 mg, MnSO.4.H;O 16.9 mg, ZnSO..7H,0O 8.6 mg, H3BOs3 6.2 mg,

AAM CuS04.5H;0 0.025 mg, Na;M004.2H,0 0.25 mg, CoCl,.6H,O 0.025 mg, KI
0.83 mg, glutamine 0.89g, aspartic acid 0.27 g, arginine 0.23 g, glycine 80
mg, nicotinic acid 0.05 mg, thiamine.HC| 0.01 mg, pyridoxine 0.05 mg, KCl
2.94 g, casamino acids 500mg, sucrose 68.5g, glucose 36g, pH 5.2

AB KzHPO4 3 g, NaH2PO4 1 g, NH4C| 1 g, MgSO47H20 0.3 g, KCl 0.15 g,
CaCl,.2H,0 13.25 mg, FeS04.7H,0 2.5 mg, glucose 5 g, bacto-agar 15 g

AB-KT AB medium plus kanamycin 10 mg, Tetracycline 10 mg

NG Chu (Ne) Basal Salt Mixture 4 g, casamino acid 0.3 g, L-proline 0.5 g
L-glutamine 0.5 g, sucrose 30 g, 2,4-D 2 mg, phytagel 2.5 g, pH 5.8

ING-AS 2N6 medium plus glucose 10 g, acetosyringone 200 uM, DTT 150 mg,
Na,S;0; 250 mg, AgNO; 5 mg, phytagel 3 g, pH 5.2

2N6-C 2N6 medium plus cefotaxime 250 mg, pH 5.8

2N6-CT 2N6 medium plus cefotaxime 250 mg, toxoflavin 19 mg, pH 5.8

Nutrient nutrient powder 8 g, bacto-agar 159
MS medium-vitamins 4.4 g, MES 0.5 g, sucrose 30 g, NAA 1 mg, kinetin 5

MS
mg, phytagel 4 g, pH 5.8

MS-CT MS medium plus cefotaxime 250 mg, toxoflavin 10 mg, pH 5.8

MS-T MS medium plus toxoflavin 10 mg, pH 5.8

2. A7 Aol

Co-cultivation®] Agrobacterium® %+ 3-5x10° cell/mLY ] A= Hol7} 714 &
EAe Aoz deld AvH(Hiel et al 1994). Agrobacterium® %7} 107 cells/mLo] ¥ %
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= 7] el A FAASY AMYB4 AR 4+ LBA4MOA (colony 1 EE 2
ABKT atAlmf#lel] dAAd oz xaF Aetes =dsigivh. 22]al 28°C wigFriel s 3
EoF v & Fx e F ool BF FHetol AAM R AHIAl 20 mLoll EoF2d
100 uLE #H3& = 900 pLel 43¢ spectrophotometer® =43-S wWl O.Dgpoll A 057} E]E
AE s2E BHATFAT T2 St AAM Al &

:_6’;

= O, ol7lol 447 Ak AYqas o
&

~

©

.
PEON dob @ i ofN me

o
o] acetosyringone 200 pM-<
30% 7 infection A#AFUT}.

= 1
o5 AY2E 2N6-AS J‘Zﬂﬂﬁﬂ of &A

AAM A X £AS filter paper® A3 A A%
o] 25°C s F7]ell Al 14, 23°C Wi g7lel A 297 huleF s tH(co—cultivation). & oA
of A% Ago=z F 2800719 A 2E FA A3 A AL}

3. A" (selection) % A A (regeneration)

7+d 3 39 Fot co-cultivationd AY ARXE Agrobacteriums H8ld W7l 98]
Agrobacterium A A A2 cefotaxime(250 mg/L)o] E9] U= W= AYyAE 2-33]
Aol & 2N6-C 12k A3 A Ao &7A 28°C #lg7]oll A 25 &< Fujdstart 25
T AWEA ofystal FASA FEE Aeavks Adeiglsd Hx 280070 A F
1,670702] Ay 2~E Mg on ol oF 60%<2 12 AHE &S Yepdoh(ad 5 ¢
& ARXD).

12 AdE Aol FEAAZE B AE Adstr] Y& 2N6-CT 2k A A8 A
2 %7 28°C w7 el A Zﬂz‘ HujeF sk 27 5 1x AdE 1670709 el S g
S FASHA T 395709 A s AUl ol HE AFEHE A e oiE of

14%9] 22 A A2 BIrh(2y 5 L BZE ARA).
3. AEst #4A

23 A A St FAEA At A S
2 &7 28°C MFHeIA 3T FFoE AREE f
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Ae2g 3700 MS-T AL3t AR FAFHEM ASHes ALses Fesdth(2d
6). L A3 1, 22 AES AR 3971 A Tl 7300 A AmRE AEsE Lo

=32

yon ol Hx ALgH Aeso] tis) 2.6%0] & FE ).

% 6. FEAE AEA A&}
4 24 A%
Wl A ARstE 8 FAABAE AR N 528
o (o] =

MSo LA A el &A 1047 Mgt g5 xS AAZ FH 74 FHz oA 147
ASAZHY. L F FEE &7 A5 FotATH 2" 7).

o ®
>,
-
2,
S
>
oy
(0]
it
o

a9 7.8 FEASA (TO A=A)e 24 A5

5. Tl &2 ¢

LN BAR A F T3 AR AA F 5009 AARTH TL FAE 53
STk BT 50 - 100 A o ge] olAE FEstgon, Qv 207 vw] olate] &
et 4 F83 A28 5 JEF Al nustgch. 9¥ ool ot et
FAsA 2@ ehele AF APoIA MASATh 507 ol o] o]4he £ 59 A%

A8 STt
b FEAel e E 3] aokselnh

A48 A5 4o

#2372 Aol

T ook
T 2
=

of\

N
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¥ 3. AMYB44 SuAle] B @4 A% AF (a9

Experiments Co-cultivation Firs_t Secopd '!'oxoﬂavin
selection selection resistant plants

1 400 190 (47.5%) 32 (8%) 4 (1%)

2 400 200 (50%) 37 (9%) 4 (1%)

3 450 250 (55.5%) 45 (10%) 7 (1.5%)
4 550 390 (71%) 126 (23%) 26 (4.7%)

5 500 310 (62%) 70 (14%) 15 (3%)
6 500 330 (66%) 85 (17%) 17 (3.4%)
2800 1670 (60%) 395 (14%) 73 (2.6%)

A 3 A FAA Aol W Aty
1. T1 29 toxoflavin ®j#] A

T1 A5 7FA 3 10 mg/L9 toxoflaving &-F3 MS, mA|uj#]oA Az} AES A=
StATh TAES WA Fa 497 =, o] b 2SS FHEA ol Al T oFAH(NT)
Z219] toxoflavin WA ol A o] AAAS ol Ao YeEAtH " 8). Toxoflaving ol
A= & JFS FA Fgoy AY, 53] el wge & JT¢S T AoE UEy

& jo

t} o] THH S 7Fo = 319 toxoflavine] thak A 3L wokaglch

Y
jus)

"
A}
e

29 8 Wild type (NT) F#F2] toxoflavin v Aol A 2] 287
[9Z: MS) 282 MS; + 10 mg/L Toxoflavin)]
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Zt AlS HZ toxoflavine] A &S H o] =(positive) FAF2] 7l
[e)
N

A 50%E A3 st= AW & & (selection efficiency)S H.olx= #el=

3 o5 o
Hop w& 20% Wele &8 BT 29 gdelA= & 1 7o A A A s B A
54l e.
4. T1 Tx9 A48 2§ 9 9538
line Al‘;dH_);Xf positive eff?c?l:r?::;)rg%) Tl npEoH4
Of A & NT 30 0 0 8
AtMyb44_TImi 2 30 23 76.7 8
3 30 8 26.7 8
4 30 10 333 8
5 30 13 433 8
6 30 8 26.7 8
8 30 5 16.7 5
9 30 13 433 8
10 30 8 26.7 8
11 30 7 233 7
12 30 7 233 7
13 30 10 333 8
14 30 15 50.0 8
15 30 6 20.0 6
17 30 6 20.0 6
18 30 7 23.3 7
19 30 10 333 8
20 30 2 6.7 2
21 30 4 13.3 4
22 30 3 10.0 3
23 30 2 6.7 2
24 30 1 33 1
25 30 3 10.0 3
26 30 7 23.3 7
27 30 3 10.0 3
28 30 3 10.0 3
29 30 0 0 0
30 30 11 36.7 8
31 30 2 6.7 2
32 30 3 10.0 3
33 30 3 10.0 3
34 10 2 20.0 2
35 30 2 6.7 2
36 30 4 13.3 4
37 30 7 233 7
38 30 3 10.0 3
39 30 6 20.0 6
40 30 4 13.3 4
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41 30 6 20.0 6
42 30 9 30.0 8
44 30 3 10.0 3
46 30 3 10.0 3
48 30 4 13.3 4
49 30 1 33 1
50 30 3 10.0 3
51 30 7 233 7
52 30 7 233 7
53 13 4 30.8 4
55 13 2 15.4 2
56 30 5 16.7 5
57 30 5 16.7 5
58 30 9 30.0 8
59 30 5 16.7 5
62 30 10 33.3 8
64 30 16 53.3 8
65 30 10 33.3 8
66 30 13 433 8
68 30 15 50.0 8
71 30 6 20.0 6
72 30 12 40.0 8

A (NT H <)) 1,716 386 22,5 (Ha) 315

2. A T1 F249] g 9 Al

Toxoflavin B} X] oA A &S B /MAEGIAE)S EF &7 A 3573 A
A F, 20139 59 319 AAEE 9ol Al AR GM XAl o] (E 7))t
AHZE 9). ol e geEz Hd 8701, toxoflavin A A3} 87 o]&tel gtele
5 o]%Etd Tt oA ¥ (NT, non-transgenic) 8 WA E£3 & 3237HA| = o]k 03} th.

oj¢ FAlel= EE ARl JfAIEC] PP (NT) A=Al Hlste] Fglo] ofaigh
A715 B, o= FHAHe] JAlEC] toxoflaving 3 MSy LA A| ol A o}l
Adste A T 2EGEE ol AR 4SS shA 1 “H%?l Ao w AZte. 24
WS Hax 2d A dA (20139 79 16Y) A=A #AA] Zdagdoly a2 Alul Il
A B oon 9l ApolE HolA gk 9l

3. T2 &#e] -3
FANA AAR K F 58A%F 315/ A (kA E E3F 323/0A) ] A EAZFEE T2
TS et g 100-200 7N B =9 o]ahs FEstl o, subline ME FAE F
%3

& ¢ AES Qe musgd
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201381 EH=F (AtMyba4 Tim: 75-1943~-1960)

a9 9. TL &4 35 2 A (BHE 9 GM £74)
4. T2 £22] toxoflavin 2241
ZF83 Azxd T2 4= 10 mg/LY toxoflaving $Hi3k MS LA v x| o] A ol Al
H

A 2N Amaith FAES WA Fa 3U7 9

AR 12 A mland w #e] e s 5 g ARs] #Esr] ko] oA 2de

2 o
WAL 1A FoI A FAAA R toxoflavine ol Aol 2 GFE A egkor}
B, 53 e wd o]

o] 2 J¥E Fv AoE UeuT o IS VFoE gt
toxoflavinel tf] gt S

1A% Ao Jddoz & 888 HIW 20 A% 7z T1 $4 ¥2 371
9] sublines AwWstar zhzy 30704 9] FAE AlFSATHEE 5). 2, 9, 13, 14 A EL2 Ht
50% W& A¥Es A" 10). 53] 2-1, 2-3, 9-2, 13-2, 13-3, 14-2, 14-3 sublines
L BE 70% o] Ae] positive ¥H5S Ho] T1 £27} homozygoted 3&Eo] =& Zow F

= g

Sdt. 24y 7 AFEE FAATIAS ol 1A (insert location)”} th2 11, B
2+e] coply 7F @ebA olel what Y] Ao A A zpol7h Bt F = gt

¥ 5. T2 A9 toxoflavin 224 ¥

T1 T2 2ot =X} | positive o = o =0 [
line | subline e ES HERE%) | 28 Bo(%) | 12 A LS
30 1 3.3 3
NT | NT-1 | 28 0 0 34 _
29 2 6.9 (F42)
2-1 30 28 93.3 8
2 2-2 30 15 50.0 81.1 8
2-3 30 30 100.0 8
3 3-1 29 10 345 37.1 8
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3-2 30 12 40.0 8
3-3 30 11 36.7 8
4-1 28 8 28.6 8
4 4-2 30 12 40.0 384 8
4-3 30 14 46.7 8
5-1 30 10 33.3 8
5 5-2 28 8 28.6 310 8
5-3 29 9 31.0 8
6-1 30 10 33.3 8
6 6-2 27 8 29.6 353 8
6-3 28 12 42.9 8
9-1 30 17 56.7 8
9 9-2 30 21 70.0 589 8
9-3 30 15 50.0 8
10-1 29 9 31.0 8
10 10-2 30 12 40.0 335 8
10-3 27 8 29.6 8
13-1 30 20 66.7 8
13 13-2 30 24 80.0 72.2 8
13-3 30 21 70.0 8
14-1 30 17 56.7 8
14 14-2 30 23 76.7 70.0 8
14-3 30 23 76.7 8
19-1 26 8 30.8 8
19 19-2 30 12 40.0 414 8
19-3 30 16 53.3 8
30-1 28 12 42.9 8
30 30-2 30 14 46.7 40.1 8
30-3 26 8 30.8 8
42-1 24 6 25.0 6
42 42-2 30 12 40.0 33.6 8
42-3 28 10 35.7 8
53-1 30 12 40.0 8
53 53-2 30 10 33.3 355 8
53-3 30 10 33.3 8
58-1 26 6 231 6
58 58-2 30 12 40.0 321 8
58-3 30 10 33.3 8
62-1 28 8 28.6 8
62 62-2 26 8 30.8 309 8
62-3 24 8 33.3 8
64-1 30 12 40.0 8
64 64-2 30 11 36.7 36.7 8
64-3 30 10 33.3 8
65-1 30 12 40.0 8
65 65-2 27 8 29.6 34.7 8
65-3 26 9 34.6 8
66-1 30 12 40.0 8
66 66-2 30 10 33.3 351 8
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66-3 28 9 321 8
68-1 30 12 40.0 8
68 68-2 30 14 46.7 46.7 8
68-3 30 16 53.3 8
72-1 30 12 40.0 8
72 72-2 30 14 46.7 433 8
72-3 30 13 43.3 8

negative positive
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5. T2 TAke] 35 2 Awj

Toxoflaving -3 MS A ]| oA woldt ZF AlFe T2 &
oA 357 S & 20149 5¢ 30¥ AAEE LYol AAsH 73575115}5’- GM E’é}
of 8 7RAH o] st A A A= 7H7<ﬂ7} M7 =A Xshe A AL
|Fetvr (A Fx). o] FAlolE BE FHAAbde] JfAEe] oA F(NT) A& ]
of Hlgte] HFElo] ffAig AVIE HAoY, 79 16Y€ dA AGHAAHol #H olF A

B opAga mad w 9w 9l= AkolE Holx il vk o= fAde] Ao

O

= 5 T
toxoflaving i3k MS JLAHiA] o A o} 8l et (A T ZEHEE Wol Hulo+=
AL LS A £ mMEd ez Az

20719l sublinee] wjste] o] FAAAIMYB44e] HAHS FA3ATE o] AP+
11X o S22 o] & T1 A2 wky] Ao ;(H_]q We Az Fold T, Al&A AL
7V 3 AtMYB44 E-9) primer set 2 7FA S AF838to] EHAAE F2E }oiE}(u_ 6). ©]
280 A reference®Z A AF&3F SPS primert TagMan quantitative RT-PCRoll A}-&3}+=
Aozx ¥ WA AR reference® AF-&% = sucrose phosphate synthase gene® primer
seto]tH(Yang et al, 2005). A, &= A|g Fo|i a3 L3 A4S Bl 2 9 13,
14 =5 7L, AEAe =dFda HE 2 7He AR S dFe 1A 2, 9, 13,
14 W1 A% JEAY =dF+4A integration 9JFS AWk PCRE £%3}o] 7}A]3Fsto 2 4
gty 11, 2 8%). o1 23 2 9, 13, 14 219 Ty 2 &4 9 genormc DNA Z 5-F
A3tk sizeo] PCR product7} ZZ5 . Control® AF&3 H WA 42 SPS= NT ¥

negative (Line 15 ¥ 38) A EA oA %= FZ5 31 t}
M NT 2 9 13 14 15 38
MSP
gqPCR (Msp primer set)
30.0
25.0
2
E
= ] 20.0
p CT-SP
Z 150
E
£ 100
I
o 5
0.0
NT 2 3 9 13 14 19 30 42 ©4 66 68 72
Line No. (To plants) SPS

a9 11 =9 F479 24 (gPCR alc RT-PCR)




=5

6. EJFAA e HE A gl AFE-3F primer set

Gene source primer sequence PCSIiRZepr(ck))%L)Jct

MSP-FW GTGCCGACGTAAGCGAGGAGTC

AtMYB44 95
MSP-RV CGACACCGTATTGTTGTGGTTG
CT-SP-FW CGTTTAGTGGTGGGTTTAGAGG

AtMYB44 204
CT-SP-RV CAACTCCAATTTGACTCATCGG

cps SPSF TTGCGCCTGAACGGATAT 30

SPSR CGGTTGATCTTTTCGGGATG

7. T3 T4 &5, A4, 9%

AR (20149d) Eol AANERE 9 X o
subline x 8 7BA1¢9] FA& 2014 10¥ 30¥ 3} 11€¥€ 59 F Ado 23 &5ty &

= 273 Az
QRS duld wassc

3P Ee] AN toxoflavin AEA AN Ve AR AR, EQ404 AE 4H, AT
Qg NY An & B sto] 4xhds A9 dho 1049 eele Agstack A4E gl

o] T3 FA= toxoflavin AEAIAS AXA il BAHst W d-§ 24 3Fate] L5 2L &
20151 5€9 299 AL w99 EAe o]t

A T 10459 W 245 7HA 3 EYF3AF integration o%-E5 PCRZ HZF3H
. 3Ad = Aol AMRSE AtMYB44 51+¢] primer set 2 7HAE AMEEY] =R AAE
T3ttt o] A A referenceE= A AMEg SPS primeri= TagMan quantitative
RT-PCRell Ab&3ste= AS=2ZA B WA 3 reference® AF&% = sucrose phosphate
synthase gene®] primer set®]tH(Yang et al., 2005). = A3} A 87 A ZA|9 x=
A 87 EF AtMYB44 7 A7t S#% sublineS homozygoteZ 3 ATH(E 7).

>

¥ 7. =Y +4A integration®] PCR A=
1| T2 |2o Ex ;ﬁ:“’;lr oMsmgey B8 B T2 EX | T3EX | PR
line | subline HZ= i ;’ N meaElh =+ (%) o= o= positive
i<
30 1 3.3
8 8
NT | NT-1 28 0 0 34 0
(FHE)
29 2 6.9
2-1 30 28 93.3 8 8 8
2 2-2 30 15 50.0 81.1 8 8 8
2-3 30 30 100.0 8 8 8
3 3-1 29 10 34.5 37.1 8 8 6
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3-2 30 12 40.0 8 8 8
3-3 30 11 36.7 8 8 7
4-1 28 8 28.6 8 8 8
4 4-2 30 12 40.0 384 8 8 8
4-3 30 14 46.7 8 8 6
9-1 30 17 56.7 8 8 8
9 9-2 30 21 70.0 58.9 8 8 8
9-3 30 15 50.0 8 8 8
13-1 30 20 66.7 8 8 8
13 13-2 30 24 80.0 72.2 8 8 8
13-3 30 21 70.0 8 8 8
14-1 30 17 56.7 8 8 8
14 | 14-2 30 23 76.7 70.0 8 8 8
14-3 30 23 76.7 8 8 8
19-1 26 8 30.8 8 8 6
19 | 19-2 30 12 40.0 414 8 8 7
19-3 30 16 53.3 8 8 8
30-1 28 12 42.9 8 8 8
30 | 30-2 30 14 46.7 40.1 8 8 6
30-3 26 8 30.8 8 8 8
68-1 30 12 40.0 8 8 6
68 | 68-2 30 14 46.7 46.7 8 8 8
68-3 30 16 53.3 8 8 5
72-1 30 12 40.0 8 8 7
72 72-2 30 14 46.7 433 8 8 8
72-3 30 13 433 8 8 8

(@) =]
A4 mPHAA B
L =iz wdd 24

PCR #HAAdAA homozygoteZ 59 2RlE & A AP Aol $539d sub-lineE9]
AEAE 73 real time PCR ( z 15te] =9 A
(AtMYB44 31 TAA)S] T %S 748kt

WA first strand ¢cDNA A2 5 pg total RNAS template® AF&3FH A oligo(dT)s
primerE 7FA 1L A& &t dth o] Ao+ RevertAid™ First Strand ¢cDNA Synthesis Kit
(Fermentas)Z AF&3Fth 1/3 =2 343k ¢cDNA synthesis reaction mixture 1 pL, 2X

>,
oo
@]
ige)
Q
=
o
i1t
N
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real-time PCR Pre-Mix, 20X Evagreen (Sol-Gent)S £33 & PCR W3S A]Zaldtt.
Thermocycling®  fluorescence  detection> Mx3000p Real-Time PCR machine
(Stratagene) 2.2 2 A8} th. PCR reaction< 95°C 10+, 40 cycles® of 95°C 30%, 55°C
30% and 72°C 3034 ZHo 72 A])\]—g}oﬂr/]_ Nz‘;q:fL‘:_ 71—71— 3 H]—.EL/‘/K]_Q_ )‘SE—E‘]_OI]’—[ /\lzﬂz

A= A B 2 OsUbil A Ae] wd 7k 9 2 normalizationdt S th. qRT-PCR
Aol AF-&-gh primers-2 3 83 2t

g
=]
RS

AR HdgF 54 PCR Al 8ol AF-8-3F primer set

=<
00

Gene source primer sequence l:)(:sFi{zelor(%(ljll;)JCt

MYB44-RT-FW | GACGTAAGCGAGGAGTCAAAC

AtMYB44 312
MYB44-RT-RV CTCGATTCTCCCAACTCCAATTTG

TFL-FW GAGGGAAAAGCCTGGCTCAGCGGC
1A 294
TFL-RV GCCTGCTGGCTCAATCTGGTCTAG
OsUbil-FW ATGGAGCTGCTGCTGTTCTA
OsUbil 187
OsUbil-RV TTCTTCCATGCTGCTCTACC

3 ol o] Ho] FHAF AMYBHUY THAS) T8 HES 7o Fulded @& wi (fold)E
AXRSIAS w, F3] 2,9, 13, 149 lellA] oh2 elel] b8 =2 dd=zs BHelon, 3 4, 30, 68,
2 gelee i or o wEFo] Ui velgt( Y 12).

6
B Myb44
5
_ B O TflA
4 i
=
= 3
L
2 L
| LI N
e 0 111

MT  2-1 32 41 92 132 14-2 30-1 682 72-2
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OsUbil (FW/RV)  MYB44 (RT-FW/RT-RV) OsUbi (FW/RV) TLF (FW/RV)
NT 210.213-2142  NT2-1 9213-214-2 NT 2-1 9-213-2 1412 M NT 2-1 9-2 13-2 14-2

M: 100bp ladder

2. AolF A=A} copy & 4 (Southern blotting)
MW NT 2-1 9-2 13-1 14-2
b 2Rl Heolw A copy FE dobRy] 918t
Southern blot #+4-& AldstAtH 18 14). 5 pgel genomic
DNAE BamHI restriction enzymel @ A}23 o]& (0.8%
agarose gelolA #2599tk Nylon membraned] 7
digoxigenin (DIG, Roche Diagnostics, Germany)2. % labeling
st 1A ¢cDNA = probing 3t¥th 2 23 o] 7 2l 25 1
e Yebykth 2-1, 9-2, 1312 1 W=7 Bo]l2 2 single
copyd SEo] =2 FoE AztEn 14-2H A9 9-2 #
13-1 ¥ 2t} W=9 intensity’} Z3tA UEsEEd, Fof 2
Nel ME7E JA Hol= Aol ofdrzt A7) ¥

a9 14, AolFHAA copy 4] (Southern blotting)
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3. Aol fFd 2 A4dA 4 (Flanking sequencing)

Aol FAAre] 4 AAE FAFSH7] Y31 flanking sequencing w4]& w@ajsldct. 2
ol A EA9 genomic DNAE F=E319] Haelll Astai= 2AE 5 AAFE DNA
fragmento] adapterE AZ23stgct. Ho] DNA (T-DNA)$ adaptore] @714 9S 71x
designdt primer setZ ] g3lo] PCRZ FZ33it}

ozl gel AFRI(ZL® 15)el A #EZF E 2 o] 9= bande FE3te] A7IAE FA4 A
AES FAS Ao, &2 band size’} 30 bp ©]

740]131, ShoE o 2 4/\19 e = A7jAdd BAo & =l

2-1% 2l A EA= LB FelAE 2719 PCR WEE AT ol
upstream 12.855kbH-H 12.978kbol o2+ H-9lo] 4 = 3o
LB ¥912 A= v wagFow o] RBZEo] ¢lgsle] e 3o
t}. o] 4% Southern blot #4o|A+= single band® YEY+= Ho
PCR productE ¢#] %34 o]= RB 399 d7|Adoe] ¥y

%‘4 T-DNAZF Aol 492 o RBZE @74 9ol WdH= 2 dibxoz 23
= Aottt 9-2H ¢ A9+ LB %ol
7b SEEA=d EEEA 9r7IM 4 d
o], o] 4%d= T-DNA7} 4= u RB ZFol|A o] HAYs Aoz F2ZH)

g m;E N
o
[J% ol
[

55
r1r

LB

HT 21 9-213-114-2

(Kb}

0.5

(Flanking sequencing band gel)

FH1A Ao A= bulk flanking sequence tagsES coverdts= FSTVAL program (Kim
et al, 2012)& o]-&3sto] AAsta, 1 ARE o}aﬂﬂ 3 9ol At 13-18912 2719
LB RB A7 dAsdlon, 14 21l A9+ LB 4497t RBeF tf& 3 o= Hot

f H
9 3 ]/\Lo]]/q_/] T-DNA 4tglo] 291 2 32 2% F342 & promoter 9ol 4y & o]
A= Ao Z eyttt o] ARE EFste] 2,9 139 #4¢lo] intergenic 91 Aoz AZE3HYT)
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¥ 9. FSTVAL program< ©]-&3F T-DNA insert®] A 42l 9

Rea Insd Inse mat mat
Query A/ d | T-D rt Ins¢ Adq rt chi chin | que que chr chr . o
leng NA rt | ptor lengChr. g ry | ry type gene_id description
Name NA fro g start end
th | end m to | start th %) leng | start end
0,
(bp (bp) th
0s06t057660
21 H3LA | A | 353 45 | 46 | 330 331 28,chr 997 284 | 46 | 329 23252 | 23252 | Intergeni | 0-00 Hypothetical
06 584 867 C upstream conserved gene.
12..855kb
0s06t057660
21H3LB | A| 219 62| 63| 219 -1 157chr 100 141 | 78 | 218 23252 | 23252 | Intergeni | 0-00 Hypothetical
06 461 321 c upstream conserved gene.
12.978kb
0s05t051520 Cytochrome
92 H3L | A| 703 113 114 264 265 151 ™ | 100 151 | 113] 263 2203° | 22635 | Intergeni | 0-01 P450 family
05 469 619 c upstream rotein
4.818kb protein.
0s02t031340 Apoptosis
13.1H3L | A | 570 131 132 544| 545| 413 < | 100 412 | 132 543 12393 | 12392 | Intergeni | 0-01 inhibitory 5
02 338 927 c upstream famil rotein
6.715kb vy protein.
0s02t031340 Apoptosis
131 MR | A | 390 292 293| 355 356 63| 7 | 100 63 | 292| 354 12393 | 12393 | Intergeni | 0-01 inhibitory 5
02 346 408 c upstream famil rotein
6.707kb v proten.
05031042170 ?L:rr:Ialar;I;Setoace
14 2 H3_L_ L chr 18190 | 18190 | 5'Upstrea | 0-00
A A | 265| 127 128 232| 233| 10 03 100 54 127| 180 642 695 m-1000 upstream tate 'hydrolas'e'
domain-containi
0.062kb -
ng protein 1.
0s06t061190 | Similar to
) | chr 25281 | 25281 | 5'Upstrea | 0-01 Glycine
142 M_R A | 433| 278 279 433| -1 | 15 06 100| 155 | 278| 432 209 055 m-1000 upstream decarboxylase
0.827kb P subunit.

T AR sl FFHEAJ=A &ds Bk 2,9, 13, 14 #F1¢] ZF 3 subline= 9
47 AT AEAES 7HAL 7FEARAY AdS Aldsdt A ol W FAES |
A toxoflavin A Aol & 7|3, (B&ASEE AXRE E0]7] fs8te]) =+ NT Uy
Sp WA A TolS AlASEA T AEAlES wAdAM AE v § ol E

ke
Fol &7 A 453 AT T-els Erstal opd dvHrE v 2 7)(%F

s
o~
4
‘1

=
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4wk

Dry 3d

BEZ(5) 0 9 100 9 68 79 61 0 93 89 100 B2 93 100
(0/28) (27/28)(28/28) (27/28) (19/28)(22/28) (17/28) (0/28) [26/28)(25/28)(28/28) [23/28)(26/28)(28/28)
NT 137 131 131 NT 1322 13-3 133 NT  14-2 14-1 141 NT 143 14-3 142

0 34 86 9 b1 54 82 0 89 100 98 96 85 &6
(0/28) (15/28)(18/21)(17/18) (17/28)(15/28) (23/28) (0/28) (25/28)(28/28)(27/28) (27/28)22/26)(24/28)

I3 16. AtMYB44 do] dny o] 7HEA A A g

2. T3 plants® 542

AtMyb44-Timi 2 A3 A E 9] line 2, 9, 13, 149 ﬂ%?‘i} %?j*ﬂ. EANS YFHor
3 w7 918 2014 AEUES GMO AP XA A o
d & FAHst ® 102 NT 2 JAd8A9 T3 2 3
T(AVER)# ZFAAHSD)E veER AHoli, NTO H#zke 100%= ato] 7+ A3k
olo] HF S MEE (%= F2ke el

8o of 12
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3 10. AtMyb44 o] dnne] FdF A

T2 plants T3 seeds

Subl

nes (g:;) ((';';') NP NSP TNS NFG FR (%) Tg‘)” 1°°(g)GW
NT 68.8+3.0 18.8+1.1 11.4+1.5 104.0£13.1 1184.9+188.4 1099.2+187.4 92.6+2.6 25.9+5.6 23.5+1.9
2-1 59.0£1.7 18.3+0.6 9.7+0.6 119.94£8.9 1159.3£122.1 1046.0£126.0 90.1£1.7 22.6+3.8 21.611.6
2-2 66.0+4.6 19.0£0.0 11.0£2.0 115.7£5.5 1265.7£173.6 1140.0£141.5 90.2+2.1 24.0+2.8 21.1+1.4
2-3 59.0+1.0 18.7+1.2 9.3%1.5 108.8+21.8 996.7+93.8 858.0+84.1 86.1+4.0 18.1+2.2 21.0%1.2
9-1 66.3+2.1 19.0+0.0 10.0+1.7 117.7£11.6 1180.0£256.9 1073.7£221.6 91.1+2.1 24.1+4.8 22.5+0.5
9-2 65.014.2 19.0x1.4 13.0x1.4 96.0£12.0 1239.5+20.5 1151.0£18.4 92.9+0.1 26.0+2.3 22.5+1.6
9-3 67.0£2.7 18.3£3.1 11.320.6 122.6£13.0 1392.0£192.2 685.7+100.8 49.2+0.8 16.2+3.4 23.411.6
13-1 74.0£1.0 18.3+0.6 13.0+1.0 102.1£3.9 1328.7+125.5 1185.3+126.2 89.1+1.2 25.3+3.6 21.3+0.9
13-2 68.7+3.2 18.7+0.6 11.0+1.7 98.61£5.8 1077.3£101.1 969.0+93.8 89.9+0.9 20.0+2.0 20.6£0.1
13-3 67.0£2.7 19.3¢1.5 10.7+2.1 105.8£11.3 1123.3+202.9 1014.3£174.9 90.4+0.9 20.3+x3.5 201.1£0.7

CL, culm length (cm); PL, panicle length (cm); NP, number of panicles per plant; NSP,

number of spikelet per panicle; TNS, total number of spikelet; FR, filling rate (%); NFG,
number of filled grains; TGW, total grain weight (g); 1000 GW, 1000 grain weight (g).

ol-gste]l NToF &ddxghA 22l
| Zvtelrasios yetivh(z2d 17).

CcL cL

He sddds Al

1000GW . 1000GW

— 20| (n=9) — &0
Tew 4

S 1 —
.22 92

— -3 —0-F

NFG
R NS
cL cL
120 140
1000GW 1000GW 120 L
E
—go| —go|

TEW ' NP

—131 —14-1

-13-2) -14-2
—13-3 —_—14-3

NSP

¥ 17. AtMyb44 el dry el w984 (spidergram)
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I A FAAZA L line 29 2-32 NTol| 4|3l NFG(humber of filled grains)”} 80%
o & X ko line 99 9-32 NT thH] TNS(total number of spikelet)”} 120% = =
ko 1} NFG(nhumber of filled grains), FR(filling rate), TGW (total grain weight)7} 60% ¢l
=3tk T3 line 139 13-29F 13-32 TGW(total grain weight)7} NTe| 80% = U EMSE:
ot ool AE Fsl 2-3, 9-3, 13-2, 13-39 FAAA ] NT 2 of& le vl&) &
A3 ojA= As skl

Line 14°] 749 14-1¢] NP(number of panicles per plant), TNS(total number of
spikelet), NFG(number of filled grains), TGW (total grain weight)e] NTeol| H]&] 120% ©]
A=A ekt 28y flanking sequencing 2 3 line 143 T-DNA”} intragenic region

of HgHE Ao HelHol EY AFL AT FF A EFANA @2 49

19 18, AtMYB44 do] dn¥ F=} (T4)
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4. =77 7t AFSAE A1E

AtMyb44-Timi @2 g Ao 7HaATAd S7H7F 7hHe SEHRA] 8 WSt o
ek s mA=A AFs Btk o 125% NT (d7)) 3 F2H8A line 2, 9, 139
A

) ’

y _ ~Z ; 0

,.1/

\)

NT 13-1-1 9-2-2 2-1-1

dntq oz v Fol FAV| JHm 2EHAE WA HW vo] Aikeko]l AA Ashd

o ZF gRRle 24709 AMAE AL F MY 3 Awo® yro] AP uba HEY Ao
o]Fo1d Folgt dAE = A7l 89 FoAo NT 2 TG 2helol 29 2 34 FoF 7l
EYf 25 A 39 tHnormal/S2/S3). 7L § re-watering o] W 2] E |7} obo] AFSEA] F
TE st AEEL 100%7F FA kAT 10840 FAE F83ste] NT % TG #FelolA
normal # 7HE 2EH A 27 Stol A T AL oju gk Apo]lE Hole A FA Bluls)
= H

AeHLE 20, & 11). 2282 cr Aol g5d AeA] Ao 2 FFS 74 &=
[e]

] —
N HEEDS Folde A NTU FaaA 11e) 53 Aol vivshsict,

NHS =2 (g)

= 20|
N AtMybaa_2
B AtMyb4s_9

B AtMyb4d_13

noraml| 52 53
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Normal Stress_2d (S2) Stress_3d (S3)
AtMyb44_TImi AtMyb44_TImi AtMyb44_IImi
o) alg| 20|
2 9 13 2 9 13 2 9 13

2172 | 2619 | 1993 | 2056 | 166 | 1492 | 1512 | 1481 | 1518 | 1556 | 15.01 | 1591
1913 | 22.09 | 1867 | 2235 | 1571 | 1535 | 1492 | 1485 | 15.07 | 1431 | 1532 | 15.18
2002 | 2623 | 195 | 2093 | 1561 | 1518 | 1691 | 13.84 | 1562 | 15.26 | 14.35 | 15.07
1978 | 2584 | 1919 | 221 | 1667 | 1424 | 16.01 | 16.11 | 14.69 | 1441 | 13.62 | 15.07
18.15 | 23.01 | 19.72 | 23.88 | 16.86 | 15.99 | 165 1493 | 1443 | 1418 | 14.81 | 13.93
18.66 | 23.48 | 2045 | 2319 | 17.72 | 1464 | 16.56 16,5 | 1595 | 15.15 | 15.82 | 14.39
1851 | 27.88 | 1848 | 23.73 | 1895 | 1647 | 17.09 | 1493 | 1494 | 1419 | 151 | 13.63
2218 - - 2252 | 1522 | 149 |16 146 | 1455 | 1475 | 149 -
Total | 158.2 | 1747 | 1359 | 1793 | 1333 | 1217 | 1291 | 1206 | 1204 | 117.8 | 1189 | 103.2
AVER | 1977 | 2496 | 1942 | 2241 | 16.67 1521 16.14 1507 | 15.05 | 1473 | 1487 | 1474
SD 149 211 0.70 121 1.22 0.72 0.79 0.85 0.52 054 | 0.66 | 0.79

=

Joron 2
o>

—~
(o]
=

Mg F SNAE SR Gl BAaF W g FEs JRAoR S8 @
Y BE MEEACEA EF £ AASDL ARAE PHOE ofv FHE I
G FEst Be EFIME 430 F4HAS b5

AtMyb44-Timi FE A A= el 434S &letr] el NT (dv]) 31 FA A
line 2, 9, 139 wWigt T3 (2-1-1, 9-2-2, 13-1-3) TAE oA A 2HoA 377 7|2 &
300 mM NaCl solutions 3¥zt Azl (0-3 d) & 25EE AASA re-watering (+1-+32
d) stATHAMyb44-Iimi FH A& 2 &0 daiAFAH S Festr] flaf NT (dv]) 2 d 4
ZA3HA] line 2, 9, 13°] ok T3 (2-1-1, 9-2-2, 13-1-3) TAE HolAl#H Ao|A 377+ 7]
¥ % 300 mM NaCl solutiong 3¥%+ A& (0-3 d) AHES A re-watering
(+1-+32 d) sFth.

a3 AN AuEs At &b TGl Hla) NTolA o] d=A7F okt o w=A 3

3L, re-watering &<t NTeol| H]s] TG E}'O]EO] oFZF vl w2 A A
olvfE= AL el = dAvk(zd 21). =3 oF I 7HY] re-watering (+32 d) Fo &=

i wmop & 4AA = UrEMOiE‘r

i

21

e L P F
€ ¥ AMDU Il 9ALANN H9) 2= G AFEe) 2A FARA Ge
Aoz ABHYL.
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6. A3kt 42 4

AtMYB44 o] ¥ T4 FA59 A S A6t dix=7Q dnu e Hlawstg]
TH3E 12). €HbAd - (general composition) %, T (moisture)< 2] &3 21(2015)] H7]E 4
A A ZH, AW (crude lipid)& AEF (20159 dEl 2359, @2 (crude protein)-&
Kjeldahl¥, 3]+t(ash)> 2AF& (20159 3&APH, 22 Aoldf(diet fiber)s
Enzymatic-gravimetric § &2 A =3} o}

ofu] A A6 HPLC anlytical method® #4183t Alg 2SS 0.05% (w/v)
2-mercaptoethanols &3 6N HCL¥ &4 110°Coll A 24x17F 71h g o 28 AR E A
st B4 o= High Speed Amino Acid Analyzer L-8900 (Hitachi, Tokyo, Japan)Z
ALEELA T AJEE Ao g AR S O P 2 tryptophan, asparagine, ¥ glutamine =
BA g% @Fokal, W3k cystine® WER HAEA okt

gl ANAE 2A4LS AOAC  Official  Method  963.22  (1980) W<l gas
chromatography & 433}l t}. Methylesterification #A2 A& %% 05 N NaOH (in
methanol) ¥ 14% BFs;-methanolsolution® *] 2] d}o] Al s§s} vt Ayp2 A Adojx fatty acid
methyl-esters (FAMEs)E isooctane® 2 F=3IA =4, olw 0.5 mg/mL Cio triundecanoic
acid methylesterZ internal standard®4] 3SF3tA 3 tl. FAME analysis #4412 gas
chromatograph (6890N; Agilent, Santa Clara, CA)Z A]33}+=d], flame ionization
detector (FID)E <43}, HP-FFAP (polyethylene glycol-terephthalic acid; 25 m x 0.32
mm x 05 pm) column (Hewlett-Packard, Palo Alto, CA)S #&&&titt. oluf oven
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temperature:= 150°C 2 1 mind}tt}7} 4°C/min

10 min ¢t -FA A #H v}, Injector temperaturesms 250°CE, 1]l

=2 200°C7HA] ZE7HA1 71 &

o] A

detector temperaturet

260°C=2 A3t} Hydrogens carrier gas = AF&3lHA flow rates 30 mL/min® 2 i

xég}oﬂ
Asgow 9% 4 chas Aot YA AT A9 SARAT wolt APE 2
7] ofH Aok wheElA AMYB449) 7 olet o] dwjn o] Aty Ao sk dnk
A girtdl = & dEgS A At ZESA
E 12, sk 4R 24 A%
NT (200 MYB44-2 | MYB44-9 | MYB44-13 [l
General composition (g/1009)
Moisture 6.3 6.5 6.3 6.0
Lipid 2.7 2.2 2.7 2.6
Proteins 7.1 6.7 6.9 6.8
Ash 1.3 1.2 1.4 1.4
Diet fiber 6.1 6.1 6.4 6.1
Amino acid composition (mg/100g)
Aspartic acid 654.5 629.4 656.1 635.6
Threonine 236.7 231.4 240.7 229.3
Serine 342.0 325.9 332.5 332.9
Glutamic acid 1345.2 1320.1 1371.5 1309.2
Proline 257.3 248.6 251.1 252.2
Glycine 333.4 321.0 333.0 324.8
Alanine 404.0 393.9 411.8 406.0
Valine 312.0 331.1 362.0 308.7
Methionine 117.6 119.0 121.6 113.4
Isoleucine 214.4 225.8 249.5 207.1
Leucine 568.7 563.6 590.5 553.4
Tyrosine 98.6 77.7 88.3 78.5
Phenylanine 343.2 340.9 360.1 335.5
Lysine 273.7 260.7 276.4 261.3
Histidine 160.7 157.6 167.1 154.3
Arginine 431.8 434.2 468.3 420.5
Total 6,093.8 5,980.9 6,280.5 5,922.7
Fatty acid composition (%)

C14:0 0.1 0.2 0.2 0.2 | DICIAE(
Saturated C16:0 16.8 16.2 16.9 17.0 | Z0IE
fatty acid | C18:0 1.6 1.6 1.6 1.6 | AHIOt2 4

C20:0 0.6 0.6 0.5 0.5 | Ofet2| =4t
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C24:0 0.6 0.6 0.7 0.5 | el NZ2At
Total 19.7 19.2 19.9 19.8
C16:1 0.1 0.1 0.1 0.1 | Z0ISd4
C18:1 42.6 43.5 41.4 40.6 | Sdlat
Un- c18:2 35.7 35.3 36.8 37.5 | cl=dl&t
saturated | c18:3 1.3 1.3 1.3 1.4 | 2lsdl
fatty acid
C20:1 0.6 0.6 0.5 0.5 | Jt=E=2dl4t
Total 80.3 80.8 80.1 80.1
Unknown 0.0 0.0 0.0 0.1
Total 100.0 100.0 100.0 100.0 | 100.0
A6 A AN
1. A+ %=
O HA FF A AAFIYE HFEE F&Hoz TAse] @Y copy, homozygote,
intergenic insert”} &5 %3 AAS e Aol THE 3N A FHEHAE dnH
E /et
O zt #Qle T4 F+4F 3 kg AL FHsta glow, T5 FAE Fgstar o016y 11€
Z0).
\'*\biu\‘!‘%;% :
2. =AM A
O olg e} o] 129 =S wxstgon, A 119 =S Ao A=sta AAL
Zolth




=T (FUEY AEsEA) AA
Ell _ T A _ I SCI
A=A Y222 5 =]

5 TS 8l 2 1 2} 2 = 7] 3 n

Quadruple 9-mer- i : 55(6), gl o
ple 9-mer-based Protein Korean L X

1 | Binding Microarray Analysis of the Soc. Nam Iee | 819-8 | th&h | o Ao
Arabidopsis Transcription Factor Appl. Oh 22, w = | © 5 °
AtMYB77 Biol. 92012 3}t 3]

Chem.
Quadruple 9-mer-based protein . 34(6), i
binding microarray analysis confirms _ 3t |xLA ST

2 | AACnG as the consensus nucleotide g[e(ﬁ-s Choonky 231 g j i /%E j 51 SCI
sequence sufficient for the specific un Jung 7, = o=
binding of AtMYB44 2012 3]
Overexpression of the J. }
3'(2'),5'-Bisphosphate Nucleotidase Isiggean Hyon Jin 56(1), o) 8 =5

3 | Gene AtAHL Confers Enhanced Apol 21-26, - A | SCIE)
Resistance to Pectobacterium Bi%ll). Park 2013 = 5} 3} 3]
carotovorum in Arabidopsis Ch efn

J.
56(3) }
. . . .- Korean ’ SR n
Rice ASRI has function in abiotic _ B |w1©

4 | stress tolerance during early growth ioc.l Joungsu 2;19 3 ]Ej S8 | SCIE)

stages of rice Bi%li). Joo , = 5] 5} 3]
Chem. 2013 —
Abiotic stress responsive rice ASR1 35(5), ) @5113,—

5 and ASR3 exhibit different Mol. Joungsu | 421-4 | &k [=pA|E SCI
tissue—dependent sugar and Cells Joo 35, vl = | A EE
hormone-sensitivities 2013 3]

A transcriptional repressor of the 238(1),
ERF family confers drought tolerance _ :

6 | to rice and regulates genes Planta Joungsu 135 1 = A Springe SCI
preferentially located on chromosome Joo 70, r
11 2013
Over-expression of BvMTSH, a 47(1) = Al
fusion gene for maltooligosyltrehalose ) 3} |slere

7 | synthase and maltooligosyltrehalose Elevﬂ(?rts Joungsu 27-32, j by f{% ~ | SCIE)
trehalohydrolase, enhances drought D Joo 2014 A= A
tolerance in transgenic rice. 3} 3]
Overexpression of the rice basic 3(6), S A
leucine zipper transcription factor Plant Joungsu | 431 - 4| W3 2k A

8 | OsbZIP12 confers drought tolerance to| Biotech. A - =41 | SCIE)
rice and makes seedlings Rep. Joo J = 3-8} 3
hypersensitive to ABA 2014

CatA,C CatCarelnvolvedinE oro
RiceCatA,CatB,andCatCarelnvolvedin _ & &k 2]

9 | nvironmentalStressResponse,RootGrow ]J_D;i (ﬁlant Joungsu 2;5 3 j b i 5 SCI(E)
th,andPhotorespiration,Respectively : Joo 20’14 A= =
Rice ASRI1 regulates sugar levels and J. 58(2), .
participates in sugar signaling in Isiggean Joungsu | 161 -1| o & iy

10 | roots Appl. Too 67 " %/%i | SCI(E)

. ’ = 6‘ =

Biol. 2015 3}5} 3]

Chem. _ i,

Detection of early intermediates of J. Appl | jong-Joo 58(1), ! &g

11 | glycosylphosphatidylinositol anchor in | Biol h 9-11, - LA
liquid-cultured Arabidopsis Chem. |Cheong | o " | W=y 5} 8} 3]
determinati J 58(5), .

rmination of the consensus Korean . L =X

12 | seauence for FUS3-specific binding Soc. Yeon-Ki | 723-7 | & | A | SCIE)
by protein binding microarray Appl. Kim 28, w | © g °
analysis gﬁ)l 2015 §]'§' §]

em.
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M4 IrZEX A HAHEOF 7|6
| F=WE \ D-06
Ald FREGAE
&E AR QTR e AL AU G
dwr] W callus SHH 100 | €¥ 9 callus = g1 ¥
quii DNA construct A2} 100 | tAAAIMYB44:: pCAMLA A %
FrAaar Aol 100 | ofr=vtdl el o] & FHAF Hol
7(22(())1121) Z A ujj ok 100 | toxoflavin A z=2] #] ¢
AA R 100 | shoot, root T F= % 737 HAZ wjF
T1 &2 &1 100 | 59 AlE T2 &R
22} T1 A A 100 | Toxoflavin A4 5841% 4
o TATE 2 AN 100 | 58 A&, & 699 7HA =k, Afwl
—(22(())11?3) A x4l H4 (8€) 100 | 91, AEAH #F
T2 &#F & (10€) +4]| 100 | F5 AF, A% 4]
T2 &2 R 100 | 58 Als & SR
s | T2 24 AW 2 9z 100 %oxgﬁlﬂe]l]vin AGAd 7l Ad 2 204F 9
dx :
T2 A=A A8 H2A 100 | A ATES AT 573
B [ casan as o | A% AES EARIF SEECH A
T3 x4 48 (10¥) #4H]| 100 | 20415 2z} subekeld x4 428
T3 A &x, A¥ w5 | 100 | 10 A5 3 subline x 8 /WA T2 =& 1F
o [vawean wa | o | Dk omening o ety 49
“2015) | T3 AEA HAPA A | 100 | #eld 5@ 2 S =A
T4 2 8 =1 ()| 100 | 370 = @28 FA 3kg o4
T4 T2 &x, A¥ 35 | 100 | 4 AlE 3 subline x 8 /WA T2 =% 1F
5 | FEASA AE 100 | =571 7FeATE A g5
o FaAFE A 100 | daiAdE AD ¢ s
(2015
—2016) | A% Ashet AR 24 100 | 0¥ 249 2 FEgF 54
T5 &4 & &4 ()| 100 | 370 7 &A™ F4 58 o4 (119 %)
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A ZE 1996 o) 1705 SEF2 o)l A 1008] o] 4
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T | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 |2012|2013 {2014 | 2015

T | 208 (333365414 484|544 586|586 |658 692|733 | 754 |80.7|845(90.7]92.1

S99 103 | 98 [ 124|155 (193 | 21.2 | 252 | 35.2 | 37.3 | 41.7 | 468 | 51.0 |55.1 |57.4|55.2|53.6

sl | 53 | 68 | 68 | 72 | 90 | 98 | 134 | 150 | 155 | 16.1 | 21.0 | 24.7 | 24.3 239|251 |24.0

Mmek| 28 | 27 | 30 | 36 | 43 | 46 | 48 | 55 | 59 | 64 | 70 | 82 [ 92|82 |90 | 85

AA| | 44.2 | 526 | 58.7 | 67.7 | 81.0 | 90.0 [102.0|114.3|125.0{134.0|148.0| 160.0 |170.3|175.3|181.5|179.7

(e+<): million ha)

o,
o

ol
-

é_&ﬂﬂo\ﬂ

fo PN ol
>
mEo

1

20154 7lEo® AAA 2870 1,800% e FwlEo] AWFAES A
H, o] F 90%= M= JAS sHlEe] A8t ot 53] A}
st w7 T ANEEATY AT Feexlen 2015dd = Fab o E
ZEAIBEA T 2870 T 8= W= T A wUFRAL 212 Rl Al
o] 60%°l ol2& ¢F 4099 AF-E°] olF 30719 ML E/d= 7ol A
S Auiste 39 5= e v=, Bebd) ol 2 E Y IE 18 Ayte] £o®
ok w52 F 7,090% FEF2 A £557(93%), F(94%), WIH96%)F T T
90% o]’ AeE&S Holw, AHEeaE AME Jests 3oz vy B d

2alEv= Z47F 44208 SEFE, 24509 SEFE O] AujHA o R w|w o] FHE oYt
2014 = 71 5H3t gg2Ee] FaAdo] JAAHHUA, nlxd s 7Hed Ade AW
SgrE Admrn of 5u) o)Ak FUhg 277 53 dEl2 o] AR A AuEHE B
FUEY 2o AANEES g = YUt

20154 FrAAWY AEd Au) AH dZgS BWH, Fo] 9210% haZA MA F A6l
HA 1979108 ha T 51%E AAg o, &5 53609 ha (30%), W3} 24007 ha
(13%), 7b=ef 8505 ha (5%)9] =AM AT AA AwjHA F GM FHo] AA|s= HlFS
Fo| 7AF 83%, Wsl7l 75%, Saae 29%, 18 Jhsdhe 24% 2 YERG T

ot N &
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2 ¥
jur)
_

0, N
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32 e
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_|[m i<
o o
- -
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& A AEE A= (A) LMO #juj# 4 (B) v = (B/A) (%)
Z 111 92.1 83
g} 32 24.0 75
S5 185 53.6 29
A (Fh= ) 36 85 24
gHA 364 1782 49
A5 ISAAA(2015)  (&k9]: ¥k ha)
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dF i1 Al
H 10 & dA7izatNe] cHied A4
| ATWE \ D-12
. . o | 5714
T =T Al | AR R 51
(== _ e | =EAAX/ |Impact| ALY [(FEAR °
SN w5 /58 W/ e aqar | T pact) = P T (scred
/53 7134 53815527} |Factor | /5 T Hela
/71 5HA|FHAD|
T o)
Quadruple 9-mer-based
protein binding microarray
analysis confirms AACnG AL | Al Molecules 2012.

1 | =% | as the consensus nucleotide o 2.670 ZEARAH SCI
sequence sufficient for the i etal | A2k and Cells 12.31
specific binding of
AtMYB44
Overexpression of the
3'(2"),5’-Bisphosphate g}?gr?{%rg;n
Nucleotidase Gene AtAHL A& | WA | Society for 2013.

2 | =% | Confers Enhanced } Apoli 3(/1 0.655 =B A SCIE
Resistance to skl | Azt Bppl e | 02.28
Pectobacterium Choer?lgils(%?
carotovorum in Arabidopsis y
Abiotic stress responsive
rice ASR1 and ASR3 W2 | wAl | Molecules 2103.

3 | =% | exhibit different ) 2.670 5 ARAL SCI
tissue-dependent sugar and thshal | A 2} and Cells 05.31
hormone-sensitivities
A transcriptional repressor
of the ERF family confers

4 | wx | drought tolerance to rice A Al Planta 3.939 2013. GEARAH  SCI

% | and regulates genes ) &al | AR} ' 0419
preferentially located on
chromosome 11
Over-expression of
BvMTSH, a fusion gene ™ %]
for maltooligosyltrehalose }
5 | wmxm synthase and Hehal | wAl | gy 2789 2014. G= A} SCIE
% | maltooligosyltrehalose (Z%a| A= | Reports : 01.311° "
trehalohydrolase, enhances
drought tolerance in T
transgenic rice.
H 11 & 7|EfALSE
| AEWE D-13
O §l+&
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