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13 3. Phenotype of transgenic turf-grass and change of the number of tillers by different level of ORE7 gene
expression in the transgenic turfgrass. WT: wild type, ORE7 ox-7 and ORE7 ox-2= transgenic lines.
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& AFF LS Theddol vie At AZ4ET FANA el FRARES Tt
of ¥ & FAAE =AU FEHEA Jdo] i A7 AEHL dglE BT
il AA7ZEA ARG Tles ol &7 FFF U Biue 79 gle dAon. o=
=3te] A FAAE 7| mFgRe; A st =9 FHAe] BESe a8HC
2 A F e 7l FHEH JA V] wWEolHa A4HE a8y & dTES
olzdtH gl w& vilE 3 FEHSES FTolo A VB AA EAS HEAE
AYA 7= dAA L AP e 1ES FEAAE Vles R JHh o7 ok
2atE e w7l =3 AR JES B AAe] dAdVIec



O F# 718 AxERl(F)e AEe] J154 FHA ATE B A4 FU, 7] A%,
sEHz AGA 5 5ol A7 o8 MsT AF #8754 fAAe UwrEe £

stal e, 7|4l gene expression profiling 7]® <l plant p oteomics% HEste AA
gene networking & 8 7e s A& COE ¥
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@ gn §AA4E e 2o

ATPGH o= ATPGM ox=3 ATRPGS 0r=3 ATPGS ond ATPGS o5 ATPGd o6 ATPG 07 ATPGA ox-d

Barindicates 2cm
B ek oottt et
ot seed wekeht [Tad

Ereistive 3iPGA exoreasion

289
20m z

109 - -pde-

Wt Con ATPGA ATPGE  ATPGA ATPS4 ATPGY ATPGEY ATRGE ATPGY

K- w2 OR-F oi-4 G- - ox-7 ox-E

3% 5 The correlation between yield increase and senescence delay of plants by the level of A7PGs
overexpression

O ATPGs (AT-hook proteins of Genomine) - ATHGI, ATPG3 ATPG4 ATPG/, ATPGS,
ATPGI0 2 AFHo] =3 AT-hook FXAEL FE5HOE AEY L3}
chromatin®] A= AFsto] 4o vpolevjxet FA F&F F7hel 22 Y44

.

W, 293 w3 Ade] BEYA 54¢ Yehth FvEe He odd 589 54
e Ag gaxe BH o] fEoks Zolth A fHAe] BHo| Fuw UL
w8} Ao @Yol ZHsA Usha, A§ FAAe FHo] e FES FAFW A
Bl mlolomls F) B B4 T F79 2 WY Friel B SHH ERFL
Apor, fAAe wde] A3 =AY wah AAF wol el B FA 53T 7



of 22 AU FTde EFIFAE JHAe Aoz YRt ol d A4
A4 5 A 1FE GM E3Y 9 =3 FF el B

AdEH(2E 5). A AES cytokinin signaling pathway #41&
cytokinin  receptor F CRE7Y @& HlHHS=E  xH3ta,  AHP«histidine
phosphotransfer proteins)®] &S XHst 3} Ad T21/52 PiE S 2
Asstes Aoz & AT ALt Aok =3 Ad FEE AHP46°] Td 7o
olste], Rt LG Foiel FELS AHPA6S] HH FUtol ot fEEHE AS=E UE
Sk o] A7 AAE T sHEol ¥ 60lA AAIEI ATE A ol F s
gk 2o A&k 712 249

2 g5l A% ATE AYHD Yok E=F B JEe A=
53 2o 1508 tgol YoAE AGHS AFetel A4 Fuleh %7 AW B of
Ue thepst #70) od 2Edx A% 94 AT dolAE Boh B gEe AT
Ao A

@ 7 4 5 8T o 2 4 8  amar
stahilization of chromatin architecture during
plant development l

_ hitghet level AHP1
CRE1 ~3 > —>| Senescence Delay
qvetexpression AHP4/6 ARRs
[croven |=ved
= --uaw-% —*| Yield Increase
|| Expressionlevel AHP2
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AHP2
AHF5

1% 6. Proposed model for the prominent role of A7PGs in the yield increase and senescence delay

TEE B 7ol 1FHE A= Mg AHgo] 7tedAE Fe 6?71 et T3 ¥y 17
I Fsloll B & #EE K12 OREZS 2 &3t A FAHsA o TIAYPA =
e 2AIAY. 1 A3 F, 3y aea =3 EFoA 711’41?&6 HFH 54, 5 F
A FEF UL tiller 78 S7F T3 22 AN SUiek 7] A4 2dFH 5H 0
UebES g 5 AdT w}ﬁw B 7l€o] Y 5 =3ke] uFd FF el A8l
7bestelel Astar, oY d FAAke] A8 B Ao Aol d Fe AlEdh

B AFEE #23 AT-hook F37 F 658 & Aol A&adon, 78 a4 A
T %< homology approach 5& %3t A 1_*3 St 7] ARl tig FE3 S

A &3l = ‘IT;HX]'E s FU7HH o= B=stal = Folth
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1% 8. pCSEN-IF vector map for soybean transformation and the vector activity against various stress conditions



2) GM =3 483 947 A FEHEE A8 AT

GM =3} 483 A7E Hste] Axvl(F)< SEN1 promoters ©]83F pCSEN HE S
st pCSEN #lE{ 9] SEN1 promoterv EZ&3 T #3534 ¥AL W=7 promoter®
=34 glol Al steAdd =Zo 2 AAT FHE 559 AT Wl UM AFF
3, AEY] IY BA F =stad 9 REFHos ~EF 2 I promotere] 7] wEoll 2
o od 7|4+ 2] A dol AL, & ATFERA L=t
FAA 25 Ha B3d xHo] ohd AhA S 0 oA HA Tse 7HA
7ol & WE o] AHRS 1FE ¢ =3 F ol Hop B2 A Alssid
A1 8).

3) Y FRAAS A" FYH 2 FHEASA AL

2 A dE 71HQ] olad we AFES XY FEAE AAE oln Yoo =&
o2 WS vl th(Toyama et al., Molecules and Cells, 2003) (ZL¥# 9). Eg B A
A ZzAQl BASTAO et A3 FAAH S ZEaL A= AxA AFAH SJHE Adst
of FAESE Bfstal Utk o] o= A ‘AlFI1d2l0lgk e o5 g A B
7F mpg] GAlol AY3tE ST ERIE skl ATk EI olad u ATES =¥
ZHQl S3Y FEHg Al2E gy fEe] A F 2 WMETSAo] FEHE Al
% st of7jdde dx/A2 2Ed 2 WA AR ABF3E $HAY WEI

<~
% 3l Agrostis mongolica Roshev.oll EYAIA 2Ed 2~ A fFxo 433 vt Aok

(Enkhchimeg et al., Plant Cell Tissue and Organ Culture, 2006).
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dE o FAASA AYibol] AFSEATHIE 10-14 F=x). A AT 2ok B2 JHA
o FAAGA S AL AAstal glow, gre FAA

= dl

= =

FAE BANENA AF, AW 54 Wk R 2RAPS FF SFAT AL
2= A 3
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Al 3 A AR -] IR

7h =Ule A AR

O ATE BRAY AT} B A2 ve] A5 B 1R AA ABolH(HE H

O ol@ @ A% T YolA $elve} 2] A e

T+ 3238 /acre, 7] 3,300% /acre, 2007 Census of Agriculture Data Release), A A 4t %
' F U ST el E AA fEI7F At ol d Y AIEE oF 50299 FREE
7= Ao ®E dH AL ATk v=e Ay, Y A EE 19749 o] A LA A
/K-]]E. 7}X:] 20024 o];‘,z o}x%z—l o7 10041:1 7<4 1:,] A]Xl—-ﬁlni 7};]% Ziii 14_1:/]_1}5}1;]_‘ 1
kA -Eyete] 79, 20029 VIEoE Y A AR RS oF 7,500 Helm o]
Zho) AY4kde 2,0009 9, 2 F2kE 20099, 2813 W AR 650 P o2 RaE
ATH(E=2 3], 200283) (2 H 20). olH T AFEL 2tH FF do] wig A<l AFY ol
, AFTF 7ER] ZAEo] 7hed Aol ol SE T

_ELHO{Nr__

2012 Census of agriculture data release 2002 S| 2] Al i

2012 1017
2007 | 1352402
2002 | 1001.25 A ac)
1997 ‘ ROM.094
1902 | 47164

1987 | 391,635

1982 21051

1973 17204

1974 [ 07150 Ol BT A T (D) T 18l 2002

a8 20. 0| TCIANE g2 9 f2|Lt2t THE] A® 2 (2012 Census of agriculture data release, 2012; 2= 7%t
C|&t3], 2002)

2012 11.287

e Ha
o ol FAFH EFFLE =7} AA Ho Bl4e 1 . dEE Axd
23 Ao £ FTHEFL BE 19953 oF 80uHE-o A 2004 ]



2 Hol: AL L 5 YTHLE 21).

O 1, 57 F2rred e AA 30 A3t 42 Ul F2 42 94AE Fusn
ged, A AA A AR 1% 0 2o Fa WE HW Quw yddss) Ho)
4 Zolw, 2Evlol}t 1 HE AT Uk

Japan [ 2,100
Netherlands Holland B 1,500
Colombia IR 900
{taly:. [ 300
Mexico . 300
Spain 1l 120
South Africa Jil 100
Malaysia | 92
United Kingdom I35

United smes".%}t.
Canag 130
I

Australi | 20
Korea | 20
Poland | 20

Costa Rica | 20
Ecuador | 15
New Nealand | 4 n 2E AAREE (BHORS)

a3 22. 72t 20064 ™ MA ML (Berkum, 2007)
(http://blog.maripositas.org/horticulture/world- chrysanthemum—production)

O Sl B3l Agiel QoA B Ao ANFEFS nE AP JFow Fahi Ave)
G EH AFOoA A Ak AMAA ] oF 30%F AAFL ATHLY 23

=<1

~—"

7+ o] 4

0.0 L L !
85 86 87 88 B89 90 91 92 093 94 95 0GB 97 98 99 00 O1 02 03 04 05

33 23 F2 H3F HEE MuEY H|F Hal (s MR HX)

O FEygtel A Z3= S F TdY FHoZ2s /M B2 AMAAF S 7R Uk dYE
o2 olgHE I Il UlFE dstgo 2 2012 71E Ul AA HSF A
HZA 1,724ha 5 =3b= 527ha’l A= Ao, o= A ds; AujrAA e oF 30%°l 3l



# 1. fa|Lt2r Bt MM U I3} MupHg (EH9l : ha, H4TH=, HHERR)
2011 2012 SAE(%)

HA | A | deed | 9y | G | Bngd | 13 | S | Susdy

s} AA| 1,904 851 | 286281 | 1,724 726 | 259076 | A95 | Al47 N95

=3} 575 292 73,39 527 270 70514 | A83 | A75 A39

*t2) S5 SHHAH S

O 9 BHAFES 19909t AHAYS APo2 DEY FFE /NS vHAG o) F
TEF Z7h FAE e ok U £F 2371E FY0] £ES Zvkshel why
Aol RS A FBOR Ao Ui}, IMF olF && Aol o £2AAY
PPOE £YLS FAT WA F3 Aeor w5

S IA =718 2 A, 1999 o]
A ZEAE 7158 oH, 2008 = %ﬂb}ﬂ} 337 S22 S 7600MTEZA 109d A
ole ¢F 700% Y F7FstAth 8 £F TS 48, T, UEPE FoEA, A o
£ 3= vl AAl &2 0% oldS ARSI oy, 53] v v &
Z9] 50%E 433,

O 2004d0] Fhel A ARE Foh AEFA Wl S Y FEo] Frhss FAE Holw
g oHoR Mol gom LA FEAY FBTh S £E980] W
EAT GO A, T MEY F ol v, F

z|Ltat 3 5 e (E+2] : kg)
=5 20113 2012 20134 20143
=3} 1,445,907 1,397,799 1,186,789 829,344
(At2) s=MERYEE. www.kati.net

E 3. f2|uat M3 I3 YL +F HY
e 2013 2014 A o) v
- =% (kg) Z49) =% (ke) ZA$) ZF%) | =4S
= 3} 1,185,164 6,881,598 823,857 4,701,198 -30.50 -31.70

(AIR) s=MEEA™E www.kati.net
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and Pueppke 1991; Lowe et al. 1993).
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al., 1997; Shinoyama et al.,, 1997)° tha 1At FAaA WE =3} Ao & IA77F
FHAeH, sk W3k (Courtney-Gutterson et al. 1994; Noda et al, 2013), &3 W3}
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A AEeld, AT BTt Be AASE Fusty] Siste] YPAT 2 FAAEA A
A2 A% Rt Qe FHolE, FF AF FE AAA 13 T =Ustel 324D

F22% ATl BRY A3 L /1% A%E FA0 Ao £A8Y, 2AAYL F9)
O EHIAME U, 5] AF 5) BAste], 4839 MsAe gAT Aol =
7 94 5892 ARHoT A U WY BE, IF& FY AN 4EE 5L
BAsa, 4y e A3 Ao ZHS A tller 4 FE 5 AB
WAE 5 BHY Aot ol 2 HAY PHL Fa) A¥E FES Aase
A % BAL Fihel 9% 2 FARBAS AL dh

22 B JNATE ANG Aol o2 93} WY FAABA FFAF 15 3
F ATY AFoln AtE AFS FAUNIFAE AT EFY AP 4L AN A
ot}

AR U € 57 dZFE 38 78 A4 =Y I8 FAASEA $4: S99 Y
TF 3 ~dns FF AV 18E AEA AE3 7|ES BB O R Agrobacterium ™
N ARG AFS FPIT I FIRAZAGS S dojzl A EAZRE A HHEA
£ AFAst wdE Agrobacterium @E Y] o AHAE 208 S HITA 3¢ F=
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Aabu) R o) A wjFsict. A E HUAE 457 HOF 343]0] AX AHulR o)A A
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33 5. The correlation between yield increase and senescence delay of plants by the level of A7PGs
overexpression.

O ATPGs (AT-hook proteins of Genomine) - ATHGI, ATPG3, ATPG4 AIPGe6, ATPG7,
ATPG8, ATPGI0: 2 AFEHLE 4Z3 AT-hook FHAE F ATHGI ATPG3, ATPGY,
ATPG6, ATPG7, ATPGS 1811 ATPGI109] A4 Suiet 7] A4l digk 4S5 &2l
@ Ash 4RAR T8 54 ANT A3} 2ol 48 eF AY 5L chromatins)
AAAS AFsted A= nto|leuj 29t T2 FoF Skt 2o Y S, 28 =

3f XA xAFH ET & AdsiAdth. Al dFAFoNA e} mxriAl R 83 H2 o

3 E4L A8 AR BE gl gEats= Aotk A& FrAeY HHo)
w3t A|Ael zAYP ol AHEA vehal, A& fFRAe wdo] w2 A

FEs A Ao volemx FU @ TA F&F SIS 22 AN

£z AP 7Hlen, FAAe] ddde] AHs] 2dEHE 3} A A

% Z7el ge A4 FUe BERde e Aow e
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o HZ AE9 cytokinin signaling pathway #4& &3t ATPGsE cytokinin receptor
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13 6. Proposed model for the prominent role of A7PGs in the yield increase and senescence delay

0re75-2K0 Col-0 ore15-10

Days after dark treatment

Col-O ore?5-0
0 4 B 0 4 8 12

EeE—— e &
FRINA -2 2
33 7. ORETS |EXIL Moz Qlgh of7|FLHe| +BAHY U M 27| LFo ot BdY EF

O
Q
=X
=
4
jo¥)
a
<
=4
o
5
5
a9
S
5
de
%
g}
o
=3
2
>
y
o
R
2
==
el
ot
ftlo
N
X
D)
rlr
o)
2
it
1
o
T
]
iy

o ES B 1ee A2 53 2 /TS 3ol YNAE AP AT A
Zoish 7] QAR @ ohle BoFd B0 Y 2EAS A FA AT YoM =
Brh B AHE AFTY Ao sty



f §AA4E, FUEAE B4 AThook FAAS VMR, wHAAL Fo 42| 5
WeAgolghs RAUFH SR ole} biomassel 7}, S8 AA sl Erlete wd
g7 B4 Aadrel AW 7olA AANAULD A% 2 Fe Ve wet
A OREI5 A7) %8 Age 22e] x7] Aol ZuWar olet AR 7] 4%
oleh ZHM A FU 2L %7 A FPFAL /M T3} AFF AR SHset
A sele Baste X 4AAE 38 S5AE gl A5t

[e]
ar =

< 73 e, HZ = & Ed AEQ Medicago
truncatula®) AT-hook F+AA T ALY S W Z7] A 3 E
A& & F A% fHe W71ZHS AT-hook motifE 7H XA T AHLZ6
(At4g12050) A9} Medicago truncatula®l AT-hook |32 & MtATPG3 (MTR
5g011520), MtATPG4 (MTR 5g080580) 12|31l MtATPG5 (MTR 7g080980) #HALE &
A $RE MEsta ool g Ed Z2 33 WE AR P FAHEA LS

Fato 250 Y4y 20 8 7] Agol B A5 B4 SRSt

(1) AHL26 (AT4g12050): 21&2] 444 20 2 =744 92 A2

O $elt AHIZ6 FAAe) AR W A% P FAARA AN Fo MY ATE Esfol
B ogade] Rde 4B Y4Y FU L %7 A3 P AFITHE AL L 5
ANTH & A NA 2= AHL262) B4t SO 3 57] dFe] dd td Ve AH
2 fRA wEs 48 sER AsdD old AHLZS] 9E ol WEd F7h ATE
AL st Ao,

FeaRl  Pacl Xbat
Q PCSEN-AHL2E vector J
e /,//
a7 28 Mitd SO R 57| AT FEE MHI3st= AHL26 XS] IPLHE T pCSEN-AHL26 HE RA T

@ HEY ALY U 2 5718 32 AFde WNZN AHL26 #AA £ o712
9] AHL26 (GeneBank accession number NP_192942.1)¢] A7|MEE 7|2E 35l Adas
Pacl®] Aol x&H AW primer (Pacl/AHL26-F, 5-TTA ATT AAA TGG ATC CAG
TTC AAT CIC ATG G-3)9t AFELE Xl Adol =" A4  primer
(Xbal/ AHL26-R, 5-TCT AGA TCA ATA CGG TGG CCG ACC CGT-3)& A3t 4
7] primerg AR&3te] of 7]t cDNAZEFE PCR(polymerase chain reaction)< ©]-&3}



T EEath 4] £EE DNAY &4 A, AHL26 FHAE o
717 tHe] DNA A% @9d #d ol ZE(DNA-binding protein-related) = ¢ 35.8 kDa$]
& =

BEAES zhe 339709 ofmie4kS ¢EslsleE 1,020 bp 2712 AAF 1% E(ORF)S 71HA|
I glew, 179 AE(exon) o2 FAEY AFS TS
6 ITH WHolAe] BHRF EA: 7] FAATE A= A %1'41 ELR R
7]%‘% Zk=AE &Qlstr] st AHL26 +AA7F Al wEFes =9ld AT oA
= ]5’6‘]-0:] AHL26 ZAA A S IS W3tAIZ Y Inducible promoter?] SENI ZEEE
ZHE& e & AZS pCSEN #E o A2 oz FRY3te] AHL26 A thgh
2~

TAA pCSEN -AHL26 A=3 WEE AzstAth (1™ 28). 1H 28914 BARE HE
B A zA o gt AFHES FAS= BAR XA (phosphinothricin  acetyltransferase
gene)E 7121713, RB= &% 7Z7(Right Border), LB= 1% 77| (Left Border), P355+
CaMV 355 Z&HE|, 355-A+ CaMV 355 RNA polyA, PSEN< SEN1 ZZXE, Nos-AT
=39 4 A (nopaline synthase gene)®] polyAE 712]1th. pCSEN-AHL26 WHEH =
FAPEH Ty N7 ZT(AHL26 FAA7F 2352 ¢52 ¥ E(pCSEN 4 E)THo.
2 FAAGE WA Y F2 ofAE ofrIA)ek ol F e0dA 150 £dF S Hlalsh
o = o, sHAE HolA fIES ALY SUe 7] I FHd i FRT 2d8E

O FHE oYT FIAH N 1grie] HAY WAE Bk Y3 FAshy] Al T, I
A% NANERE T, LA FA4E Bob o] B ele] %] Age] hF TAPS =
Astgch AME oZ1A T, FEAE SIS wHY FAL 9P A A% F 62
Feke] oF Hel F Y3kl pCSEN-AHL2 FAAE 744 gl 3@ wolA| el

€2 H718Y dE2T(Con)st Hlwste] & of, T, ®olAe}t w7t = A=A AA =
: %rﬂ Y i71 A FHo| FElEH UrE‘r‘xkEP ks 7 A
S

ATRGE A2 AU + AR

AHL26-4 AHiL28-7

Barinckindes Lom

9. Yitd B A 57| AT FEE 7IX|= AHL26 2HEH O 71T FEHEN 2| 2ot F 50Ut 70U Ry
x



B 5. AHL263} tubulin ST X}0]| CHEH RT-PCRE primer HH&

GENE Primer Information
AHL26 Pacl/AHL26-F, 5'-TTA ATT AAA TGG ATC CAG TTC AAT CTC ATG G-3'
Xbal/AHL26-R, 5'-TCT AGA TCA ATA CGG TGG CCG ACC CGT-3'
. TUB-F: 5'-CTC AAG AGG TTC TCA GCA GTA-3' (21mer)
Tubulin

TUB-R: 5-TCA CCT TCT TCA TCC GCA GTT-3' (21mer)

Con AHL26-2 AHL26-4 AHL26-7

AHL26 -_— - -

O3 30. AHL26 THLsl Of 7| =y T, HEFMEH O] RT-PCRS £t AHL260 CHE QEX} wWal UAF AN [|XZJ1=
tubulin(TUB).

YA EAS 7 & WHo A A AEE of7]
el ol F 504, 1Elal 709 A st
N+ AHL26-2, AHL26-49} AHL26-7 W0
A= °H7VH’41 \‘HZ?(Con)Q} Hllﬁ}ﬁl = o, T, WHolAst nA7A=Z A=A 9

7] A% @Fol FEEHA UEgen, obed O]E HolAEL 57 A4 I W of
A A AA 278k FA YAFAAE FEHE FTF @] FEHAT o

23 w3t Ad AT ALY Sue gdveitk of 1 Zpolzh AdET
AT-hook proteing encodingdte 322} v7FA R FH2He] HEkd o]
A zpol7h el Il Aoz dddEn. olHd FAFZH SHol FHAe] HATIHo|
He AE &dsr] fete] w2l A AY A F 25¢A9 dixzTtoh WolA

s fx= g

ghele] gk A Fd A=E FASATH (L™ 30). AHL26 2 tubulin®] A2 LA
£4& 9% RT-PCRE primer AR = X 59 Z2th. I A3, HolA 38k ZF o 7|3
thxtoll vt AHL26 Ao 3ol ghlmtth ofhel xpol= AR HAF =A
EbgS gl on, olgd AMd2 B WolA|Eo] AHL26 A7 HEdE WolAdS
SHstal vk o]l H 3k WolAdA AHL26 A LA Aol WolARFe] =3t AA
A ALY S FEY AolE AFTE sz dddTh

O ¥7 % A]’Q% AHL26 T32= =7] 9% FZo] Al o1 thel & AT-hook 3
e ASE skt M, 4 £uY 5 A ) 19 2 A
Ao ®2 YEST mekA AT-hook proteing encoding

4 sU 52 57 72}-/] YA E4e A
dodn olHd A2 At T F A= Aol SloiA
T e Aoln. = SAd wet *Jﬂ %%17\}9] Aege =4
F 2E el g HA 7leo] E Ao,
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1 Con AHL26-2 © AHL26-4 ©E AHLZ26-7
250 5
3 {
v 200 =
2 LA
| '
E .
o ol OO
50 — — — — — — —
0 1
Height NTS W DwW TSW TNS 1,I005W

33 31. AHL26 p'EH Of7| B T, EME 2telel Wid St X

Yield parameters

£4(n=20). Height (cm); NTS, numbers

of total silique per plants; FW, fresh weight of plant; DW, weight of plant after dry; TSW, total seed weight;
TNS, total number of seeds; 1000SW, total number of seeds thousand seed weight.

© AHL26 & WolAe] Fa4
Fabe] ojzl AEAZE AL

AHL26-49% AHL26-7] gt A 9
o) thzeh wims) Rtk 289 A

o] F# FAI(1,000sW)elH, Ae 2l

O]_E_v(_)_
T =

AHL26-49} AHL26-7 0]

Foll QoA Frtsles e AoE UE
1.8 o)A =713 Ao Z Yebygth 19 bkd Z2 1,000709 FA o=
AAZFH AAAFA dAME=
oF 1.48) ol Zv}stE Ao g Uehth o] 23k AN
2 ZE MG SUE

L)
Hge wolons Freh 2o Al

7F e aEa

WAy 53 g
s e 25 4%
7t Ee Ao Az,

#F AT

603:591~592, 1983)°ll we} SAsIAoH, FAHA

AHL26 T3 WolA| 9] 1}o]-2 &3
ojAl o] yol-ojEF 3 Ad FE&
S HE] 3-4¥ F Y (rosette leaf)S v 4Yvjct X H3
S SATE] T cHr1Ze BlwskA T a

o]-&3}to] Lichtenthaler®} Wellburn®| W™ (Biochemical Society Transduction

S 2 ¥ 54 B4 AHL26 FAAY 3Ede
s BEe A AE L WHolA & AHL26-2,
g7 T3 2o AYAY S ARE H &S W7
S AFE= 2E9 7l(height), &7 (silique)
FA(TSW), & F#F 47(TNS), 18]aL 1,00074

2070 A1) HgoltH (LY 31). AHL26-2,
W71 thxFoll wlste] FA FA 2 FA
ow, E3| AHI26-29% AHI26-4 Ao)A| A&
B ES I
) z-ol] st
A
AR
Sl A w9 7}HA]
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AHL26 +3A 7% WA =271,
ete A2 dgdEn, mEia B
A Fdgs

kel wolA)

AHIZ6 %@ WolA el %7] A% Fao) o 4 24

7] A% Yol N B4 BA: AHL26 HE3
elsly] §istel, T, Alield Ad A4 F 12 o
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2. AHL26 ItEH JEME 2telo| Lio|-olFEH L3tof it EHAEY SHA), G852 & (n=6)(B), 122

a3
g B8 (n=6)(C).

O I A3, of71Zd o F el - 28 ol F o] 3} o] F&53] AP H A

O AHIZ6 HEE WA ¢-FE =57 9% 3

Bl Qo] I Ak(necrosis) FEHIOl HASAUS. WH AHL26-2, AHL26-49% AHL26-7°] 73-% 1
o] g3} o] 32¢FH JIPHASH o] A FFE 40LA dolFS AT F A
TH1® 32A). o3k AME R W Follol, AHL26 FAA = A&A =3} Ad Qo F
3 98-S gasiE ety dddEn. 4249 o] oM 1F 32Bo] T=AE upel 2
o] ofAIF ] A AFEAL ol AP AL F 20¢ o|FHE 4% HAE Holr 28Y
A FE49 TgFo] = Fo =Yt oy, AHL26-2, AHL26-49%y AHL26-7°) 7% Ak
4 A F 28U HAS wE SH 27|19 80% BES 5L FFS BYS U
AAT HFLH WHolA o FIAH EE WHIE J54 T WSt} FARE S HER
o oRAFTE Ad A T 24 o] FHYH F43%] Tastr] AlEE 329 o] FHE] EA0)
AR oW, AHIZ6-45 A3l AHL26-22y AHL26-72 AF A T 40€71A] &4 W
7F A8 LojuA FATHLE 320). 7] AHEHFE, AHL26 FEH WolA = ofAF ol

o 32

1:101‘

HIs] Qo] o] A 7 THYPLS zh= o Z Yehgton, o] w3 Ao av=
AHI26 F7A ] o$ 454 I 44 9 FAH 88 T4AZ 3d8FHE o] & X
g}5hx Wyt AdEe iéﬁ TEEE Ao=E AZHEY.
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gcleg dHzl oF Aol 3t AHL26 FEA oA =l o) k3 AA JAo =
de BA%H7] st T, AldiolA ol & 1?—__354] 3-4¥ F¢(rosette leaf)S detachd}o]
3mM MES €358 4 (2-[N-morpholino]-ethanesulfonic acid, pH 5.8)° FfFAIZ1 &, & %

E FAsk v 2dniet £38Y #F, o 9454, A 28 2 3ad /A
LHES ARSte] ofAF o 71T eF Hlalss Tt
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Hol 89 o] I AKnecrosis) AEiCl HAEUTH WH AHL26-2, AHL26-4%% AHL26-7°]
A5 el &3 Aol 10€ olFHE F&EI] UEUa eSS FAL ¢ AAT(LHE
Ej s

2

= (@)
3BA). G5 % B sloi AT A%, YaL Yol & A F 20 ¥ 3

BAE 7MY 6Y olF HA FFEES UEW O, AHIZ6-2, AHI26-49% AHL26-7°2) 73,

BB 6%‘7%110115 50% ©]’de] A=A dFFS Yebith(1E 33B). & Aol o3 FFAH &

& H3lE 934 &% W3 g o] AHLZs FIdE oA A AT dA G
[e)

471 AIHERE, AHL26 S WHolAl= yol-2EF =31} nf

=7 2 3
AOHE ool wla) oo FHo] AW 1 EHWL ZE o Uhgon, oy
FRARY] Ahe AHIZ6 FAA O GRA FF i L BYY T PaE 289
t wslo] WE 4ot Wt AP oA FRHE ZoE Yzdn
7] Ae FHd BW, AHIZ6 fAAE Age] A4 FUR W ol 7] Azl
4¢ AzaAn, oldd Ao BILES AHLZ FAAS] B Holo] FUekE Aow
AR e B G Svs F5 48 4o oo Frish 2 A4y
Zope W opge %y] Agolzlt B wPWAe ZHdA WS A Be Ao

Plant hormone signaling®ll UHA AHL26 2 A A& 2= of7]FHelA &3
AHL26 +227F 718t e] cytokinin Aol FAst=AE st fste] o) 7]
cytokinin  A¥4A  FXA  [PTlisopentenyltransferase) A+ & IPTI(AT1G68460),
IPT3(AT3G63110), IPT5AT5G19040), 18|31 IPTAAT3G23630) XA 4%2 WAL | 7%
o opy &I WolA| AHI26-2 AHI26-4, 1E)31 AHI26-7S W02 ZASFItHLY 34).
Agd FAA 2 AHI265 FAHNETQ tubulind] thd RT-PCRE primer FHE X 69
A AAERAT T A3, dizTol Blste] WolAldl A [PTI IPT3E EE WSy A gl



= W, WHolAllAM P75} IPT7 Ao W Wsle AHL26° Id Wsiel 22 ¥
< YEHAT. o8 ¥ AL S AHL26 ATy IPT5SYy IPT7 & %7438 cytokinin A
el #ogith= AL on gk
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fin
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E 6. Cytokinin MeHdo| 20{sl= /T SHXIRE, AHL26 ML, 12| ¥
RT-PCRE primer HE&

FHXE Hig/gugmaioly (MEHS)
T 5'-CGC TAC TCG TTT CCC TTC AG-3'
5'-TCG ACC CAG ATG AAA CAA CA-3
T3 5'-CAA ACA ACC ATT GCC TCC TT-3
5'-GGA CGG ATT CAA TGG AGA GA-3'
TS 5'-CAC TCC TGA GGA AAG CCT TG-3'
5'-TCG AGC TCT GGA ACT CCA AT-3'
7 5'-TTG GGT CGA CGT TTC CTT AC-3'
5'-GAC GAT TCT CTC GCT TGG TC-3'
AHL26 5'-TTA ATT AAA TGG ATC CAG TTC AAT CTC ATG G-3'
5'-TCT AGA TCA ATA CGG TGG CCG ACC CGT-3
Tubulin 5'-CTC AAG AGG TTC TCA GCA GTA-3'
5'-TCA CCT TCT TCA TCC GCA GTT-3'
Con AHL26-2 AHL26-4 AHL26-7
WUS ——— meristem activity PTH
T.
/<\ AHPs IPT3
CLV1 1
cytokinin receptors IPTS
fiHK2, 3. 9
A-ARR ; Cytokinin ~— IPT +— STM

Mo o IPT7

Model of cytokinin pathway in regulating inflorescence
meristem size and activity. The genes analyzedin this month
are shown in grey boxes. IPT: isopenterryltransferase,

HEK: histidine kinases, AHP: histidine phospholransfer proleins

AHL 26

TUB

a3 34. AHL26 P of7| =i T, HEHEHM 2| cytokinin biosynthesis pathway®lA /PT SHXE S AHL26
fXXto| ciEt RT-PCR ZI}f. 2’8 CHEF= tubulin(TUB).

O fElv AFATE Sl of7]&th AT-hook family gene®| 3t Ql ATPGE A7}
cytokinin signaling®l %114 cytokinin receptorq] HK(histidin kinase) gene family<k
HP(histidine phosphotransfer protein) gene family®] T3d-& ZAsle ZH7|d% 52 /18
I A SdY 2d8¥F 5Ae Asddes HEe Ae F ddH A fdHe=
AHL26 73A =3E o 7]Ztle] cytokinin signalingdll #As=AE FHE7] 935
cytokinin signaling pathway % CLV1/WUS pathwayol]l #3sh= CLVI % A (receptor
protein kinase CLAVATA1, AT1G75820)%} cytokinin receptor24] 7]5< 7}A+ histidine
kinase A2l HKZhistidine kinase 2, AT5G35750), HK3(histidin kinase3, AT1G27320)



J28)3l CREI(HK4 histidine kinase 4, AT2G01830) %172l #& & o714 d) o= W
ofAl 2l o= SIATHLE 35). A A FAA R FEAHET tubulinell I
RT-PCRE primer R &= & 7914 AAS Uth I A3 Fu|EASE CREI F3A9] &
AL oF7to] Aol UARE AHLZ26 AR IE H =9} vl st HolA oA dAE ¥,
HK29+ HK3 F7217ke] Bde ¢ nlaste] Holx mFolx & 2to]E YebA &
ot EmIF VI AR AR 2T Bladte] ®olA mFolA F ze]lE THAA
Tt Wk AHL26 A A7 cytokinin pathway % CLV1/WUS pathwayol= =A
Fod kAl RO, cytokinin receptorsd CREI +A2] Wdof Hlg A o2 AoqFrh=
[e)

|

A&

A g ATk olefgk AR E m|RolHol AHLZ26 FAAE IPTS} IPT7 AAe] e =4

< &3t cytokinin Aol #AStaL, cytokinin receptor & CREI Ao Hd =H

< 53} cytokinin signalingoll #edsle] 2 E9] A4 Fo 2 3 XA dFE F=
5 o

H 7. Oj7|HCH cytokinin signaling pathwayOllA CLV7 X}, histidine kinase (HK) |&Xla, AHL26, 2|1 Ad
CHET tubulin R0 TS RT-PCRE primer HE

GENE Primer Information
LV CLV1-RT-F : 5'- ACT TAC CTC TGT CTC CCT CA -3’ (20-mer)
CLV1-RT-R : 5'- GAC CAC CTT TAG ATC CAT GC -3' (20-mer)
HK3 HK3-RT-F : 5'- CAA CAA CCA GCC CAT ATT CTC -3' (21-mer)
HK3-RT-R : 5'- TTC CAA TAC CCA ATC CCC TC -3' (20-mer)
CRET WOL-RT-F : 5- CTG AGG AGC AGT CAT TAT CG -3' (20-mer)
WOL-RT-R : 5'- GGT TTT GTT GGG AGA GGA GA -3’ (20-mer)
K2 HK2-RT-F : 5'- GTA TGG CTC AGA AAT TGG GG -3’ (20-mer)
HK2-RT-R : 5'- GCC AGA GAG GAG AGA TGA AA -3' (20-mer)
AHL26 Pacl/AHL26-F, 5'-TTA ATT AAA TGG ATC CAG TTC AAT CTC ATG G-3'
Xbal/AHL26-R, 5'-TCT AGA TCA ATA CGG TGG CCG ACC CGT-3'
Tubulin TUB-F : 5'- CTC AAG AGG TTC TCA GCA GTA -3’ (21mer)
TUB-R : 5'- TCA CCT TCT TCA TCC GCA GTT-3' (21mer)
Con AHL26-2 AHL26-4 AHL26-7
WUS ——— mernisiem activity CRET
T
& AHPs

CcLV1 1 H
cytokinin receptors
Hi

1HK2. 3,9
A-ARR , cytokinin «~—- IPT «— STM

Kz _
Model of cytokinin pathway in requlating inflorescence

meristem size and activity. The genes analyzed in this month
are shown in grey boxes. IPT: isopentenyltransferase, AHLZ6
HEK: histidine kinases, AHP: histidine phosphotransier proteins

O8 35 AHL 2HE3 of7|FH T, HEHEMQ| cytokinin signaling pathwaydlM CLV7 |HX}, histidine kinase
(HK) |HXHE, 12|30 AHL26 |TXI| TSt RT-PCR Z1t &8 CHET = tubulin(TUB).



a

O

ET

=
proteins(HP) M XI=1t, J2|1 AHL26 &

Con AHL26-2 AHLZ26-4 AHL26-7

WUS ——— meristem activily APH1
t
CLV1 t
cytokinin receptors
HHK2, 3, 4) AHFP3
A-ARR cytokinin «—— IPT «— STM

e

S AHPM

Maodel of cytokinin pethway in regulating inflovescence

meristem size and activity. The genes analyzed 1 this month AHL26
are shown In grey doxes, 12T: isopentenvitransferase,

H¥: hisiicing kinases, AHP: tisiidine phosphotransfer proteins

TUuB

12HH|2] cytokinin signaling pathwayO|lA histidine phosphotransfer
AXtoll CHet RT-PCR Eab ¥d CHETE tubulin(TUB).

36. AHL tEs of7|EC T, FHH

gnlign

p

S 71 AY dxzTet HolAE g e R o]# 3 cytokinin signaling®ll tidk Rk A
gt BAS fstd o TAIY)] histidine phosphotransfer proteins(HP) -3 Ak <)
AHP1, AHP2, AHP3, AHP4, AHP5 1811 AHP6 +72AAe] &d o =3 Ay
A7l AR EE S RT-PCRe &3ot EAsglen, o &4 tizxi=s
tubuling AH8-3+9 3, AH8-H ZEtolM & FE 894 AASIATH 1 A3, WHo|A Y AHL26
AR WA v o2 B FHAE AHPIR] W, 8 AHP FAAS S Wl
AN AHL26 #+AAFe] Ed I 22 S UEhlA GUth(2E 36). olHd AL
AHIL26 572 ¥3d -2 histidine phosphotransfer proteins(HP) A2 & AHPI A}
o & HFoE 2HIT= AS AR

8. Cytokinin signaling pathwayOlA| histidine phosphotransfer proteins(HP) {FHZXt®, AHL26 2|1 Xd

=T tubulin §HXI0f| CHEE RT-PCRE primer B &

GENE Primer Information

AHPT (AT3G21510)

AHP1-RT-F: 5'- ATGGATTTGGTTCAGAAGCAGAA -3
AHP1-RT-R: 5'- TCAAAATCCGAGTTCGACGGCC -3’

AHPZ2 (AT3G29350)

AHP2I-RT-F: 5'- ATGGACGCTCTCATTGCTCAGC -3’
AHP2|-RT-R: 5'- TTA GTT AAT ATC CAC TTG AGG AAC -3'

AHP3 (AT5G39340)

AHP3-RT-F: 5'- GGACACACTCATTGCTCAGT -3
AHP3-RT-R: 5'- CTGCAAACATCTCACACACC -3'

AHP4 (AT3G16360)

AHP4I-RT-F: 5'- ATGCAGAGGCAAGTGGCACTCA -3’
AHP4I-RT-R: 5'- TTACTTGGGCCTACGTGCTGTC -3’

AHP5 (AT1G03430)

AHP5-RT-F: 5'- GGTAGTAGCTCCAGTGTCG -3'
AHP5-RT-R: 5'- CTAATTTATATCCACTTGAGGAAT-3'

AHP6 (AT1G80100)

AHP6-3UTR-F: 5'- CAAGCCGACATCAACCGGCTC -3'
AHP6-3UTR-R: 5'- AGGGTTTCGCTTCGGTAGCTT -3'

Pacl/AHL26-F, 5'-TTA ATT AAA TGG ATC CAG TTC AAT CTC ATG G-3'

AHLZ6 Xbal/AHL26-R, 5'-TCT AGA TCA ATA CGG TGG CCG ACC CGT-3

TUB-F : 5'- CTC AAG AGG TTC TCA GCA GTA -3' (21mer)

Tubulin TUB-R : 5'- TCA CCT TCT TCA TCC GCA GTT-3' (21mer)




O ol &4< St fEe tded 22 7HEe A 5 AT AHL26S 1) cytokinin
biosynthesis F+X82 & [PT5% IPT7 3479 23S HlgHos %4, 2) cytokinin
receptor TR} T REI FAAY] AL vEHo=E xd, g1 3) histidine

T AHPT §A7 2@E nlgHor 2dsto] 4

A S Y/ &2 57 9%

phosphotransfer proteins(HP) 7% A}
=9 A F&F 71 vl F7t

e AEd

£ 9
e
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E 9. Auxin biosynthesis pathwayOllAl YUC fT X2, AHL26, 2|1 ¥’d THETF tubulin FH X0 CHEH RT-PCRE
primer H&

FHAE yg/qggmeoly (MEH=)

YUCT-F: 5'-GTCCGACATAACGCATCTCC-3

YUCT-R: 5'-CAATCCTTTCCCTCCTCTCC-3

YUC2-F: 5'-CGTTCCACTTGCATAGCGTC-3

YUC2-R: 5'-CCACATCCTACAACCAAAATCTTC-3'

YUC3-F: 5'-TCTCAAACTCCATCTACCTAAACAG-3'

YUC3-R: 5'-CACATCCCACCACCAAAACC-3'

YUC4-F: 5'-AACCTACTCAAATCTTCGTTCC-3'

YUC4-R: 5'-CACAACCAACCACCAAAACC-3'

YUC5-F: 5'-GAGCAGATTGCATAGCTTCAC-3'

YUC5-R: 5'-ACATCCGACGACAAGAACAC-3'

YUC6-F: 5'-GTAAACTAGCACATGACCACC-3

YUC6-R: 5'-AAACTTATCCATCCCCTCAAAC-3

YUC7-F: 5'-TGAAACGCCAAGAAGTTCC-3

YUC7-R: 5'-ACCACCAAAATCTTCTAAACCC-3'

YUC8-F: 5'-GCAAACCATTTCGCTAAGCC-3'

YUC8-R: 5'-CCTGTCCTTCCTTTCCAACC-3'

YUCT0-F: 5'-ACCAACACTCAATCCCAAAC-3'

YUC10-R: 5'-GCATAATCTCTCCCCCAAAAG-3'

YUCT1-F: 5'-CCCTCAAACACTCCTACCTTC-3'

YUCT1-R: 5'-GTCTTCCCTTCTATACGCTTAATC-3'

Pacl/AHL26-F, 5'-TTA ATT AAA TGG ATC CAG TTC AAT CTC ATG G-3
Xbal/AHL26-R, 5'-TCT AGA TCA ATA CGG TGG CCG ACC CGT-3'
TUB-F : 5'- CTC AAG AGG TTC TCA GCA GTA -3’ (21mer)
TUB-R : 5'- TCA CCT TCT TCA TCC GCA GTT-3" (21mer)

YUCT (ATAG32540)

Yucz (AT4G13260)

YUC3 (AT1G04610)

Yuc4 (AT5G11320)

Yucs (AT5G43890z)

YUC6 (AT5G25620)

YUC7 (AT2G33230)

YUc8 (AT4G28720)

YUCT0 (AT1G48910)

YUCTT (AT1G21430)

AHL26

Tubulin

O H, Lee$t Seo(2017)= W71t ollAl AT-hook motifE 7HXl A1 AHL29= YUC
A2 HE 2H & 33l auxin biosynthesisol] It Bustal Qo B AFEHL of7]
Aol A E23 AHL26 %A} cytokinin signaling®% o} 2} auxin biosynthesisoﬂE S
Ast=AE 7] Ast oN71F el auxin biosynthesisol A 83 4&S 8=
YUC #77F 105 3k F32 23 FAS 7130 ofd@d 3 HolA els tde=
ZASATHAY 37). A48 84 2 AHL26% FAHZTS tubuline] B RT-PCRE
primer AEE 3F 994 AASAT I A frAW iz Z wolAldA YUCZ

YUC3, YUG4, YUCS, YUCs, YUC7, YUCS, YUCIO 118]al YUCIIS) H8S A8 + 3
oA, o5 fAAel Hi Fds FASAT TS of718u dE=Teh HolAdA
(¢]

O_u

|
YUGst YUl $87ke] dol Axel Aole YA AHLZ fAAe] wE G v
dHo2 Uehde HA% & YW W, oE YO A5 O ABde
ST clg@ AR B Folrol AHLZ FAAE YUC fAATNAN YU YUCIIS)



THS HlgHoz -3t auxin biosynthesisol #Hsl= ZAoz F=HT ¢
auxin biosynthesisoll th3k Rt} A&3t FAYESZ 7124S 7887 Hste] 7] FHA4

Tl tE W AYS SR, Y= Folth

Con AHL28-2 AHL26-4 AHL26-7

; Jj-':.‘(.‘r:
T A
[ ‘ i
g \"{J-"'
l
C Trp
CO0M
(“"H: ATAA
| * e
7 TGOgH COOH

jvuc
O, + H 0l
e ¥ ~7
E H\—M \brr
R \_‘H{/

YUucid
The Tryptophan-Depandent Auxin Blosynthesis Pathway. The
first step is catalyzed by TAAs thal Iransfer the amino group from
T do an alpha kelo acid such as pyuvale fo generaie IPA and YUC1?
another amina acid. The second skep is an oxygen and NADPH-
deperdent reaction calalyzed by the YUC flavincontaining
monooxygenases. (Malecular Plant (2012) 5{2) 334-338)

AHL26

O8 37. AHL26 atEsl of7|Fl T, YEMEH Q| auxin biosynthesis pathwaydlM Yuc |HXIE, 12|32 AHL26
SHXto| gt RT-PCR Za}b. ¥ CHETFE tubulin,
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AMZ2H-T AN26-7
O3 38. AHL26 TfE RS 2hole HYEN H3HC). (A) Lot
Z 302E AF0 129 SO ZEY &£ 2t2l, (B) &ot= 30 OF AZ ZASIO| &HX|
ot 22l h=15.



® AHL26 }'T3d WHolA9 2E#HZ AFAE Fd U3 54 4

O AHIZ6 3@ WHolA 715 A A Ui S B AHL26 FEF WHolA o o
g+ 7l& A&/d(drought tolerance) w412 ol ¥ 30¥¢E A=S 12¢ ¢ 7lw= Ad
skhal, 1 E kel dojue HA A= 2dIFH WHItet e AT o] FA WEE H
wate] ZhEol gk AdAE AEE EAsAth. 1 A IF 389 AAHUH. oFEE
H718t= 7ol ols o] F3} Aol 353 JYHS & 5 Ao, =3 Sl F
Aol AAME Zhgoll ofste] A s ags & F AAT. 2ol wistd AHL26 A}
o I wWolA IS Thw AEol= o] =3t ods APHI ow, = <o
FAC AAAME opF Yol Hlste] dF38] Ege & F UM olHT AL AHL26°
b 2EH S sl AR Ao s BHgE AU JhestAl & A= vhw 2EdEH 20

gk AGde ATdves Ae ondo

O AHL26 3@ WolA| 9 43} 2E#H 2 AIA FAd iy &4 £4: AHL26 43 WA
ojAl o] AtstH zE ol tidt AYFAH S A st 3mM MES &<
S HUbsho] ol 3 259 # 3, 49 ‘?1% detachd} floating?t & UH 3% A E 6Y
Zol 24 dw B & 3 %

2 7zt eMAE A AT 9
Lichtenthaler$} Wellburn®| %
ZAstdom, B a8 AL & T WH(Plant Mol. Biol 30:939, 1996)°l gttt

o 9}]\5\)11;]_(1?}1 39) SA T 2EY XA o
A2 AHL26-2 WO A| 2R\ AHL26-4%k AHL-7 Yol A 2hlel vlste] dR %2 H0, &
< JHAEY ol & MolAlEe] AdA FHA4 dd o] Zeld] 71lst

A2 YA =1, E7) AA, a8 HEF 4HE
= = Mol slo] TaT o



a3 39. AHL26 IPEH AR 2ol st AER|A0 e BYEN
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~+Col0 ~B-Con —+ AHLZ6-2 —— AHLZ6 4 —— AHLZ6-7
kS
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)
z’m N
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o
P,
§
L —+— Col-0) ~8-Con —+— AHLIG-2Z — AHLZ6-8 — AHLZ6-T
= el
Bar indicates dem L = ©GAF

dim
o

(W), BEL By wWekE, 123 ¥

-

st &8 H3HC), n=15.

® SUMMARY
O AHL26 T3 7= o717 the] DNA A &id #d @9 d(DNA-binding protein-related)
2 ©°F 358 kDa®| #AFS = 397114 ofr] 4k G slEl= 1,020 bp 712 AL 3

5 E(ORF)< 7FA3 e, 1 /M9 9 <&E(exon) o2

AHIL26 737 ] @2l g *@’ﬂf‘é ARE AT

3} e HEo| AN ZgE oul

AHL26 A= vol-2|EF k3let HEo] o-fx 3t U= opgFol S

Ao Ade AHL2 FAA A% J54 FF oA F A7
7 Ay

A =27, FA AL T

=z
e
£/

=35 A olE3 7] 4 EL

4 5E AaE 3dHE 3o iE AEeE Wt Adgo RN fEHe Ao
o)

A7 AHE T BWH, AHL26 TR A EY ALY SR v oty 57 AR
QA AT, ol FUBAE BYYL AHIZ A FH Aolo] AU A
°oF oy,

AHL26 A7 IPT5S: IPT7 374k 23 28¢ 5849 cytokinin @A ol Tolstm,

cytokinin signaling®l 1©JA] cytokinin receptor & CREI +xA+e] ¥d =4, 1%
histidine phosphotransfer proteins(HP) XA 5 AHPI F3Ae] Ed S vgdo=z
At A= YA T 2 =3} D A4S FEshe A8 AdE,

AHL26 A= YUC FRAAT AN YU YUCIT®] 28 & WA o2 2438 auxin
biosynthesisoﬂ oo,

BR

AHL26 e Az 2Ed 2wt ofle) 418l 2EH 20 daME 2Edx A4S
AE-.
webA] B fze] Askd o, 57 A% PN

SR 59
shol A gAe ), vrolovjx Frhek L& AAA FUW W olUg %7] A% g



d Aol BHA SPF A SN WP A} ¥ AOE A2,

(2) MtATPG4 (MTR 5g080580): 4= A Fd B 57194 ¥4 AF

@ e MY FH B =79 FEAS AT MIATPGE FRAA &8 Medicago
truncatula®l  Medicago truncatula AT-hook DNA-binding protein(GeneBank accession
number XP_003616459.1)¢] #4714 LDL& 7122 3dto] AFEL Bollre] Ahol =39 AW
% primer(Bglll/MTR5g080580-F, 5-AGA TCT ATG TCG AAT CGA TGG TGG AGT
G-3)et Adas BstEll®] Ade]l Edd JUF primer(BstEIl/ MTR5g080580-R, 5-GGT
GAC CTC AAT ATG GAG GTG GAT GTG GAC-3)E A3ttt A7) primerE A&
8t Medicago truncatula cDNAZXF-E] PCR(polymerase chain reaction)< ©]&3dto] 7%+
cDNAE FZata sttt 47] Eejd cDNAS &4 A3}, 328749 opv|eshs 45
3lal= 987 bp 2719 AAF % E(ORF)S 7HA AL 9om, 2 719 d&E(exon) o2 T4 H
o A+ES FASAI, AT-hook motifE 7FA L Qo] ©|& MtATPGE (Medicago truncatula
AT-hook protein of Genomine 4)= ™ ™3} T

MATPGY 3@ WHolAY EIFF 54 7] #8271 A& A4 Sd 2
o] 71%5E& ZEAE EAs] Hst] MATPGE F3A47F Al e r =99
N71FHE Axstd MATPGE AALA Y TS WH3AZ Y Inducible promoter?! SENI
ZERES A WEF AZF pCSENIF #HEo| A2~ WaFor FRYSY MATPGE
FAA ] i Al FAAQ] pCSENIF-MIATPG4 A 23 WE S A3t ch(2d 40). 1
H 40014 BARE Hb:EF Al ZA g A A e FAsh= BAR -+ A (phosphinothricin
acetyltransferase gene)E 7}2]7]1l, RB= 28% 7 7I(Right Border), LB= 9% 737 (Left
Border), P35S+ CaMV 355 Z&HE|, 355-A% CaMV 355 RNA polyA, PSEN-2 SEN1 3Z
2X2H, Nos-At =39 A fFHAH(nopaline synthase gene)e] polyAE 7}e]ZITh
pCSENIF-MtATPG4 HEZ FAHEE T, o7 Fdls NE2TH(MATPGL FRAA7 X3 HE
A &2 ME(pCSEN HE)Rto 2 PAAGH of7|Fd] 52 ofAy of7|&)et o}
60LA 159 TIPS Blusty & o, WolA RIS Y Fuiet 57 A FH
of & FARI AdFH EHS 7HTH
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b @l GETH meta B MATPGE FRAE AZe] Ay ) 8 %] A%
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1Y TS RISATHIY 42). MtATPG4, tubulin 2 BAR

CR-E& primer X = ¥ 103 2ok 71 A3, of7|Fd tizx
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w8} AAe FUEHE A0 BB, o|HI fAA WA Aol WA w3} A
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B 10. MATPGR} tubulin X X}0j| CHEH RT-PCRE primer HE&

GENE Primer Information

Bglll/MTR5g080580-F, 5'-AGA TCT ATG TCG AAT CGA TGG TGG AGT G-3'
BstEll/MTR5g080580-R, 5'-GGT GAC CTC AAT ATG GAG GTG GAT GTG GAC-3'
TUB-F: 5'-CTC AAG AGG TTC TCA GCA GTA-3' (21mer)

TUB-R: 5'-TCA CCT TCT TCA TCC GCA GTT-3' (21mer)

MIATPG4

Tubulin

Com MIATPGS- MIATPGS- MIATPGY MIATPGE MIATPGY MIATPGL MIATPGY-
33 F -4 12-10 -9 17-2 77
e m

A% 42. MATPG4 L&l Oof 7| = T, EETMEHM | RT-PCRES Est mATPGo Cst SHXL Lol a2t
=T = tubulin(TUB).

50
EWT = MATPGA-3-3 " MATPG4- 44 5 MIATPGA-T-4 ® MtATPG4-12-10 " MtATPG4-16-9 © MIATPGA-17-4 " MtATPGA4-17-7

300

50

by
S

1500

Relatlve value {%)

100

50 -

Height NTS PN DwW TSW
Yield parameters



3% 43. MATPG4 EH Of7|HCf T, YEXE zE2Qlo| Mitd Bl XI&E 2M4(n=20). Height (cm); NTS,
numbers of total silique per plants; FW, fresh weight of plant; DW, weight of plant after dry; TSW, total seed
weight; 1000SW, total number of seeds thousand seed weight.

© MtATPGL '3 WolAe A4 Fu FAo| e S BX: MATPGL FRAA9] 23S
3t Aozl AEATE A S FHE HAE AE BF3] A8 sk HolA
SR} MIATPG4-3-3, MtATPG4-4-4, MIATPG4-7-4, MIATPG4-12-10, MtATPG4-16-9,
MtATPG4-17-4 183 MIATPG4-17-72 d& T2 8% 534 22 44 SO A%
2 gatod of 71 thzTt¢t wlaws] Hokth A 8d MG Sl AxE A=Y 7 (helght),
&7+ A (silique) T(NTS), A ZFFEW), HAAZFEDW), T T4 FA(TSW), & T4 F(INS),
83 1,00070e] FA FA(1,000SW)ol ™, A= SRAER ZF 2070419 H gkl th(1d
43).

O I A¥, 19 43°)4 HE vkel o] cytokinin-ALd FAFHAE AsiA 7HA=
MtATPG4-3-33  MIATPG4-12-102 X33 RE FAME T2IHJELS o Fo| Hlsh
FEE AAE SO 84S Ve A= UrE}kkD}. DE JAAG FJAEL oA H|
3t 150% ©14e] FA 8FS JYeldon, O F A an] T MATPG-3-3
I MtATPG4-4-4= 2T vlste] oF 180% o142 & &9 Yelddct. 23 1t
A FA 1,00070 ¢ FAE WolAl g@lH dixF7E 2 zbolrt ik wekA ol T}
Aike]l 7 WHolA glEe A AV]et BAglel A4 £ FUtel TSt AL
2 g I8 SPER AL cytokinin-AEd P S VM= MATPG4-3-37%
MtATPGE-4-45 AL tjF-E2] HolA RIS P v=g 8 AV|E 7Hoe
Zlolth. o] H 3 AMEE m|Fo| Kol MIATPGE FAAre] wdo] A4d =
Agsta, olgg A4td SU T FHo] AuHAd JAME A &FHo|a tFHo=
AgHheE HoM MATPGL F+AA = BEoA AHE 7Hsd A SO &

&2 F S Aotk A7) HolAEY ALY Sl W FAF A Aol=

= AR MY Ao A AFEH 50| olul MIATPGE +AA2] ¥ H o] xfolof 25
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© MIATPGL &3 wWo A9 7] d4A FAd uldt EA B4

O MIATPGE TR oA 8 ol-oEF 7] 4% A dit 54 &4 MATPG: ¢4
Hol A o] tpo]-of &2 w3} A A FAL AT oot HolAle] Ty Aol A A3 A
4 3 129 o] FHE 34¥ HY(rosette leaf)= W 4¥vitt FAY AF H A FE4L FF
Z2xste] gl olw] A=A FFLS 663.2nme} 664.8nme] FF AFES o] &3
Lichtenthaler2} Wellburn®] " (Biochemical Society Transduction 603: 591~592, 1983)°l u}
g} ZA4skint

o

O 1 A3, 7AW o P Y A¢ AF A F 36LATE Ao I3} o] 57
Hol 4447 Qo] I AK(necrosis) FElOl FHolSAth HHH ®olH <l = 9
a8 A FEIE ogE KO AdEe = a
MtTPG#-21-10 012 Q12 444 7E Qo] g3 o :
o] vl opgFe] Hlste I x3 AA EA4ES VA AR ey
44A). A MATPGE T3 A7 =80l loJA] 73 & gt negative regulator &8-S H33}
© Zoz FTEn. oy WolAl Tl yol-oE3 w3t o dE4 I HIe

ol

N

=

w(

AR

ok
ol ox il

o

19 44Boll AASEATE =AE nEe} o] opyF] A AEA Tl A9 AAE F 16
A o]FHY ALKZFOo R FAste] MAA PEL Tl HA FFEA LI, |
oAl ZRIES BT ofA Yol Hlst wol-oE3 3} T R4 T AT AdH
Aom, B3| MATPGE-3-3% MtTPG4-21-10 WHolA #1¢lo AL d=24 Bt ZFHeHA

k= o7 ura}uu} 71 AHRZRE, MIATPGL T8 WHolA= oA Fol nlsg] Qe

2]
=]
2

' YIYITILE
0L 0889:
L 1 X131 LEKE

(T X LA L X 1 I

MIATPG4-3-3

-
=]
=]

-

4

MidATRGA-4-4

| ]
[=]

MATRGA-T-4

Chl. content (%)

o
(=1

MIATPG4-12-10

MLATPGA-16-9 10
MiA TRGL-17-4 20
=+=Con == MIATPGA 3.3 e MEATPGA 4.4
== MATPG4-T-4 === MATPG4-12-10 o= MIATPG4-16-9
MIRTEGA 1 D - MIATPG4-174 MEATPG4-17-7 ’
] 2 4 G6DAT

% 45. MATPG4 ¥ HEXME 2iolo] ¢-g 310 CHet BddN EX-A) 52 & (n=6)B).

O MIATPG: '8 WolAe] ¢-#E %7 9% PAo] d 54 B4 4% =58
o U o Aol Y ofdFE olslATI} MATPGL BA Wl 2ale] el



A =3 Ao SAS BHs7] Hste] Ts AlthellA Eol & 2144 34 FHY
(rosette leaf)= detachdl™d 3mM MES %8 < (2-[N-morpholino]-ethanesulfonic acid, pH
58)c FrAIZl &, of FElE FAISt] v 2<dvith 2dE #F R A 54 FF W
5 At ok F N7 et MIATPGE WHolA gilE< Bl st ith

O 1 A3, o7&t oy E Y A+ & A £ 4 o] FRE <o 3} o] F£53 1Y

%_WH % o] 374/‘P(r1e01r0818) ZElol o=t Wi WolA #HlE2 dA A ew o

EAS 7N d%loem, 3 MATPGL-3-35+ MtTPG4-21-10 o)A

g = =3 SRS JHAL AT olHd Ades G54 I wstelA
= g 45). Wb MIATPGY '2d WHo A= Uol-o&F

ANA T oflFol wls] <lo we] X I FHF = 2
o8 YEyon, oz fé} AR EE MIATPGE 737 9] o

2 7 A o= s ZoE AZHEn.
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ol

AHE FU BA, MATPGL F3AA4E 289 A48 ZU2 @ ofuz =7
o Rae AFs, clPT Bl BAHE MATPGH FAAS] TR Aolo] el
Atk mebd B fude] SRUS T8 AE e volenz Srjs
2y oblet =] dgoleh: BA FPF P FAAM wg

T omook R
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MLATPG4-3-3

MLATPG4-4-4

MIATPG4-7-4

Chl. content {4}
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90
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MATPGE-12-10 61
MIATRGA-16-9 ’
MATPG4-17-4
‘ 2 e on == MIATPGA-3-3 o~ MHATPG4-4-4
=== MIATPG4-T4 === MIATPGA-12-10 —*—MIATPG4-162
MIATPG4-17-1 ‘ ol MIATPG4-17-4 MIATPGA-17-7
= i 3 6DAT

-

3 46. MATPG4 'Ll HEHE 21Qlol H AER AN CHSt AN EF A 54 F HIIKB), n=15.

® MATPGL 28 WolA e 2E8 2 AP Fo| e 4 £4

O MATPGY L3 ®HolAlo] 4 2E#H2 AFAH A g 54 4 MATPG: 23 W
oAl thgt H(salty 2E 2= AFA 4L 3mM MES &9 150mM NaCle #7}3}]
ol & 259 #H 3, 41 & detachdt™] floatingdt & 3Y HAS=E 6d &< A9 £
F dEL FF HIE ZAEIY | 2E 20 i3 AFAE A=E HIEE 7} 15704
5 ZAEIAT 454 FFS Llchtenthalerﬁl} Wellburn®] Wiel met SAsio. 1 2



I giREel wHolA #RlEe] ¥ 2Ed o Uid AFALS AL Ao, 53
MATPG4-3-3% MtTPG4-21-10 #3@ HolAl= 645t & £

ol’de] A=A FHS JHAI o, T oFYFL 40%tHe FEFL FEFH=
Zpol 7F GEF ATH LY 46). MIATPG4-3-35% MtTPG4-12-10 2@ W olA 21 =3} A
M= ZE3 FAS Yehgo], d 2Ed 2 A3A FA= o]9h Ao ZAoE 3
chE o}

B
1

MATPG4-3-3

MIATPG4-4-4

.e‘.l\

MATPG4-7-4

MIATPG4-12-10

MtATPG4-18-8

MIATPG4-17-4

—¢—Con = MATPG-3-3 —== MIATPG4-4-4
== MATPG4-7T-4 == MATAG4-12-10 MIATPG4-16-8
MIATPG4-17-1

MATPG4-174 MATPGS-17-7

29829909
3 XL RARYLE

208 s

w
o
g
3

O3 47. MATPG4 EH HRTE 2ielo| L5t AEY A0 e EHAFE SEF @A) BEL &2 HILE), n=15.

O MtATPGY 23 WolA9 43t 2EH2 AFAH I i 54 B MATPGY 24
HolAl o] ArehA zEG 2z e AZAEe =Aek7] #stel 3mM MES &< 4mM
H,0, 5 F7Fete] ol & 259 H 3, 41 S detachsto] floatingd ¥ vl 39 (H4 o=

6d U XIFH P54 FF HSE ZASIY HO, 2E# 20 tig AP B=F =
JE=E ZF 15/MAE ZAIAS. 2 A of7]-d ofA o Hlstd MATPGE ' W ol
A 2RleA Bt 52 48 2Ef 2 AFHS 7HRow, 53] MITPGL-12-10 'Xd WHo]
A FAANAE 64 52 45} 2EF 2 oA E oF 70% ©)/de] F54& FFS BAF35)
R H 47).

O ol&gt AP E mFojHo} MIATPGE= 21E2] ALMA Fdl, 7] A4, a8 93 4k
2EG 29} 2 2EY 2 AFAHS FAS AFste] iU FE g 9o 2% o
TS T Qo AgEHY, 57 AR A2 2Efx AP FA AdEHE
2o g yzteEch

® Hormone signaling®ll 114 MtATPG4 3 A9 B&: 98l Medicago truncatula®l A
23t MIATPG4 73271 o713t 2] cytokinin A Aol BAS=AE FH37] $138H4
714 obA ¥ WolA| MtATPG4-3-3, MtATPG4-4-4, MtATPG4-7-4, MtATPG4-12-10,
MtATPG4-16-9, MtATPG4-17-4 18|31 MtATPGE-17-7= WdL2 = 7] cytokinin A&
4 FHA  [PIisopentenyltransferase) -+ A S IPTI(AT1G68460), IPT3(AT3G63110),
IPT5AT5G19040), 18] IPTAAT3G23630) 37 4F°] TAE ZASIATHIEH 48). 4
£8 FAA 9 MATPG49t 43272 tubulin®] g RT-PCRE primer AR &= 3 11

o e



rot bl

W AABIATE. 2 A, WolA oA P13} IPT7 A Id Wsle MATPG4S] &

d wstel g S Yebd W, IPTIS IPT5e MIATPGES) Hd Wstkel 2 F4s
27) YEAT olHF AR u]Ro] Bol MIATPGE FRAAT} IPT3S IPT7 28-S =
3to] cytokinin YA o] HolstE Aoz AT

d

)

11. Cytokinin *A'a.*“oll Holst= /T RTXIE, MATPG4 KX, 2|0 & XY 7UB RTX HeS 9
RT-PCR& primer &
FHXE Fdg/gudmoio|lq (MEHS)
P71 5'-CGC TAC TCG TTT CCC TTC AG-3'
5'-TCG ACC CAG ATG AAA CAA CA-3'
P73 5'-CAA ACA ACC ATT GCC TCC TT-3
5'-GGA CGG ATT CAA TGG AGA GA-3'
P75 5'-CAC TCC TGA GGA AAG CCT TG-3'
5'-TCG AGC TCT GGA ACT CCA AT-3
P77 5-TTG GGT CGA CGT TTC CTT AC-3'
5'-GAC GAT TCT CTC GCT TGG TC-3'
MEATPGA 5'-AGA TCT ATG TCG AAT CGA TGG TGG AGT G-3'
5'-GGT GAC CTC AAT ATG GAG GTG GAT GTG GAC-3'
Tubulin 5'-CTC AAG AGG TTC TCA GCA GTA-3'
5'-TCA CCT TCT TCA TCC GCA GTT-3'
Con AHL26-2 AHL26-4 AHL26-7
WUS ——— meristem activity IPTi
t
’& AHPs PT3
CLV1 1
cytokinin receptors IPTS
tHK2, 3, 49
A-ARR ; cytokinin «<— IPT «— 5TM

N PT7

Model of cytokinin pathway in regulating inflorescence

meitistem size and activity. The genes analyzed in this month

are shown in grey boxes. IPT: isopenterryltransferase, AHL26
HEK: histidine kinases, AHP: histidine phospholransfer proteins

TUB

O8 48. MATPG4 'LH Of 7| HcH T, HEHEHQ| cytokinin biosynthesis pathwayOl Al /PT STXE U MtATPG4
S™Xtof cHet RT-PCR Za}f. 24 CHET= tubulin(TUB).

O F8& A A3 o7&t AT-hook family gene®]  cytokinin signaling®] 3$1o]A4]
cytokinin receptor®l HK(histidin kinase) gene family®} HP(histidine phosphotransfer
protein) gene family® WS Xdste =7 F&/a383 AN el FHIF A
EAdE Agdtes HESE Ae F AdjT FEe Medicago truncatulao A 2] &
MIATPGE 732 T3 |71 9] cytokinin signaling®l] #st=AE FH3}7] 135}
cytokinin signaling pathway % CLV1/WUS pathwayoll #3t= CLVI % A (receptor
protein kinase CLAVATA1, AT1G75820)%} cytokinin receptor=4] 7]5< 7}A & histidine
kinase A=} HKZhistidine kinase 2, AT5G35750), HK3(histidin kinase3, AT1G27320)



J28)3l CREI(HK4 histidine kinase 4, AT2G01830) %172l #& & o714 d) o= W
oA S YO E ZASATHLE 49). A B A 2 FAAtiET< tubulin®l
i3k RT-PCRE primer BH = 3% 12914 A8kl Aok 71 A3 CLVI #2349 Ed &
t=g-of wlaste] WolA RFoA F ApolE TEAA @SdTh olH T AIe MATPGY
A7} cytokinin pathway & CLV1/WUS pathwayoll= FA] #AsHA] Gete A
ok 3k, CRET FrAdAbe] WAe ofzbe] Aol SIAW MIATPGE 37 T3 A=
of mlgste] WHolAlo A THAHE Wk, HK29F HK3 w3 AHe] a2 thxToF vlaste] WA
ofAl EFolA olHF AIFde UEhlA @skth ol Ade MATPGE TR
cytokinin receptors CREI 379 Lo v o2 #AAZT= A or|gnt. wabA
MIATPGY 3= IPT3% IPT7 2o 3 24dE& F3t cytokinin A&/l #ost
1, cytokinin receptor & CREI #ZAY B 2d& §3t cytokinin signaling®ll ¥+od
sto] A= AAA S B =3 Ad A4S wEske Adom uddn. 3 A F
et =3) A Aol tie FudA= F O AL BAY=SHE E40] 2o AoE KA

.

HE 12. Of7|HCH cytokinin signaling pathwayOllA CLV7 |HXL, histidine kinase (HK) {7HXI2, histidine
phosphotransfer proteins(HP) SHXt2, MtATPG4, 12|11 ¥ =T tubulin STXI0| Ci$t RT-PCRE primer
e

GENE Primer Information
clvi CLV1-RT-F : 5'- ACT TAC CTC TGT CTC CCT CA -3’ (20-mer)
CLV1-RT-R : 5'- GAC CAC CTT TAG ATC CAT GC -3’ (20-mer)
HK3 HK3-RT-F : 5'- CAA CAA CCA GCC CAT ATT CTC -3' (21-mer)
HK3-RT-R : 5- TTC CAA TAC CCA ATC CCC TC -3' (20-mer)
CRET WOL-RT-F : 5- CTG AGG AGC AGT CAT TAT CG -3' (20-mer)
WOL-RT-R : 5'- GGT TTT GTT GGG AGA GGA GA -3’ (20-mer)
HK2 HK2-RT-F : 5'- GTA TGG CTC AGA AAT TGG GG -3' (20-mer)
HK2-RT-R : 5'- GCC AGA GAG GAG AGA TGA AA -3' (20-mer)
MATPGA Bglll/MTR5g080580-F : 5'-AGA TCT ATG TCG AAT CGA TGG TGG AGT G-3'
BstEII/MTR5g080580-R : 5'-GGT GAC CTC AAT ATG GAG GTG GAT GTG GAC-3'
Tubulin TUB-F : 5- CTC AAG AGG TTC TCA GCA GTA -3' (21mer)
TUB-R : 5- TCA CCT TCT TCA TCC GCA GTT-3' (21mer)
WUS ———— meristem activity . Can  MUATPGS MAATPGH MATPGI IMATPG: MIATPGI- MEATPGH WHATPGI-
T +3 44 4 12-10 160 ire s 17w
[(\. AHPs =i
CLV1 i e
cytokinin receptors
T(sz 3.4 AHEs HK3
A-ARR ; cvtokinin <— IPT < STM | cem

N

Model of cytokinin pathway in regulating inflorescence
meristem size and activity. The genes analyzed in this month
are shown in grey boxes. IPT: isopentenyltransfarase,

HIC histidine kinases. AHP: hisidine phosphotransfer proteins

O3 49. MATPG4 & Of7| =l T, HEHMSHQ| cytokinin signaling pathwayOllAl CLV7 §HXL, histidine kinase
(HK) FHx+2, J2|2 MATPG4 |UXH| gt RT-PCR Zaf. &g CHEF= tubulin(TUB).

MIATPGS




O F8& N7 Zd dxzF HolAE U e= o]8]dt cytokinin signalingol] Wt Hth 7
g3k A4S fst t¥ @A) histidine phosphotransfer proteins(HP) % A< 9]
AHPI, AHP2, AHP3, AHP4 AHP5, 12|13l AHP6 342 e Fd T ARSI
71 AR Bd FEE RT-PCRS S8t BA3iglen, o) ¢4 dxz7=2<
tubuling ARE3FR I, AHEE ZelolmE 13904 AASIATE 1 A, WolA 9
MIATPG4 fr37ke] 2@ v Aoz Bdg FHA4s AHPIR)] WY, 8 AHP #3
A5 WolA M MATPGE Aol Tad s 22 S UelA Fdv(T1d 50). ©]
g A MIATPGE 24 -2 histidine phosphotransfer proteins(HP) % &}
AHPT 748 S vEld oz 2d3dts Ae AARH.
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H 13. Cytokinin signaling pathway0llA histidine phosphotransfer proteins(HP) SMXIZ, MtATPG4 12| ¥M
CHZET tubulin S0 CHE RT-PCRE primer HE

GENE Primer Information

AHP1-RT-F: 5'- ATGGATTTGGTTCAGAAGCAGAA -3’
AHP1-RT-R: 5'- TCAAAATCCGAGTTCGACGGCC -3'
AHP2|-RT-F: 5'- ATGGACGCTCTCATTGCTCAGC -3’
AHP2I-RT-R: 5'- TTA GTT AAT ATC CAC TTG AGG AAC -3
AHP3-RT-F: 5'- GGACACACTCATTGCTCAGT -3’

AHP3-RT-R: 5'- CTGCAAACATCTCACACACC -3’
AHP4|-RT-F: 5'- ATGCAGAGGCAAGTGGCACTCA -3’
AHP4|-RT-R: 5'- TTACTTGGGCCTACGTGCTGTC -3’
AHP5-RT-F: 5'- GGTAGTAGCTCCAGTGTCG -3'

AHP5-RT-R: 5'- CTAATTTATATCCACTTGAGGAAT-3'
AHP6-3UTR-F: 5'- CAAGCCGACATCAACCGGCTC -3'
AHP6-3UTR-R: 5'- AGGGTTTCGCTTCGGTAGCTT -3'
Bglll/MTR5g080580-F : 5'-AGA TCT ATG TCG AAT CGA TGG TGG AGT G-3'

AHPT (AT3G21510)

AHPZ2 (AT3G29350)

AHP3 (AT5G39340)

AHP4 (AT3G16360)

AHP5 (AT1G03430)

AHP6 (AT1G80100)

MiATPGY BstEll/MTR5g080580-R : 5'-GGT GAC CTC AAT ATG GAG GTG GAT GTG GAC-3'
Tubulin TUB-F : 5'- CTC AAG AGG TTC TCA GCA GTA -3’ (21mer)
TUB-R : 5'- TCA CCT TCT TCA TCC GCA GTT-3' (21mer)
Wwus meristem activity
1
/\ AHPs
cLw 4
cytokinin receptors
HHK2, 3, 9
A-ARR cytokinin <— IPT «— STM
\V/

Niodel of cytokinin pathway in regulating inflorescence
meristem size and activity. The genes analyzedin this month
are shown in grey boxes. IPT: isopentenylransferase,

HK: histidine kinases, AHP: histidine phosphotransfer proteins

a3 50. MATPG4 2 Of7|1ECH T, SETSAHQ cytokinin signaling pathwayO| A  histidine phosphotransfer
proteins(HP) ™ X, 12|10 MtATPG4 SEXI0| CHEH RT-PCR Zat 2 CHEFE tubulin.
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H 14. Auxin biosynthesis pathwayOllA YUC

RT-PCRE primer HE&

ot e ved ZFe e Ale T

cytokinin biosynthesis F+X2 & P33 IPT7 F3A49]

cytokinin receptor 32 & CREI A9 TS vlElFo® x4, 183 3) histidine

phosphotransfer proteins(HP) A & AHPI 37 EdS vlgd oz x4dsto] 2
A

B9 FA £8F ) voles ket 2 A

SQHEXIE, MATPG4, 12|11 YA X tubulin

Yucz (AT4G13260)

FHAE dug/qugmciod (MEHT)
YUCT-F: 5'-GTCCGACATAACGCATCTCC-3
MUCT (AT4G32540) YUCT-R: 5'-CAATCCTTTCCCTCCTCTCC-3
YUC2-F: 5'-CGTTCCACTTGCATAGCGTC-3

YUC2-R: 5'-CCACATCCTACAACCAAAATCTTC-3'

YUC3 (AT1G04610)

YUC3-F: 5'-TCTCAAACTCCATCTACCTAAACAG-3'
YUC3-R: 5'-CACATCCCACCACCAAAACC-3'

Yuc4 (AT5G11320)

YUC4-F: 5'-AACCTACTCAAATCTTCGTTCC-3'
YUC4-R: 5'-CACAACCAACCACCAAAACC-3'

Yucs (AT5G43890z)

YUC5-F: 5'-GAGCAGATTGCATAGCTTCAC-3'
YUC5-R: 5'-ACATCCGACGACAAGAACAC-3'

Yuce (AT5G25620)

YUC6-F: 5'-GTAAACTAGCACATGACCACC-3
YUC6-R: 5'-AAACTTATCCATCCCCTCAAAC-3

Yucz (A12G33230)

YUC7-F: 5'-TGAAACGCCAAGAAGTTCC-3
YUC7-R: 5'-ACCACCAAAATCTTCTAAACCC-3'

YUCc8 (AT4G28720)

YUC8-F: 5'-GCAAACCATTTCGCTAAGCC-3'
YUC8-R: 5'-CCTGTCCTTCCTTTCCAACC-3'

Yucio (AT1G48910)

YUC10-F: 5'-ACCAACACTCAATCCCAAAC-3'
YUC10-R: 5'-GCATAATCTCTCCCCCAAAAG-3'

YUCT1 (AT1G21430)

YUCT1-F: 5'-CCCTCAAACACTCCTACCTTC-3'
YUCT1-R: 5'-GTCTTCCCTTCTATACGCTTAATC-3'

MItATPG4

Bglll/MTR5g080580-F : 5'-AGA TCT ATG TCG AAT CGA TGG TGG AGT G-3'
BstEIl/MTR5g080580-R : 5'-GGT GAC CTC AAT ATG GAG GTG GAT GTG GAC-3'

Tubulin

TUB-F : 5'- CTC AAG AGG TTC TCA GCA GTA -3’ (21mer)
TUB-R : 5'- TCA CCT TCT TCA TCC GCA GTT-3" (21mer)
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O H, Leest Seo(2017)= o718 tollAl AT-hook motifE 73 FHAAR] AHL29= YUC
A Iy 2HE B3 auxin biosynthesiso] #ojgtty R usta ok B AFEHLS
Medicago truncatuladl A 2]y MtATPG4 717+ cytokinin signaling® %t oY} auxin
biosynthesisoll & #st=A& H3t7] st f7]F e auxin biosynthesisl A & Q3
dde FIsts YUC #34 1050 gk 732 28 F&<S W78 o3 HolA
Bls ez EAekAti(E 51). AHE&"H w3 B MIATPG4et FAdxT<

tubulin®] th& RT-PCRE primer FHE F 14004 AASAT. 1 Ax of714th =T

gl HolAle A YU YUC3, YUCS, YUCs, YUC7, 183 YUCS®| &dE& & 4 9lo]

A, ol FAA WF TES EASAT. FEIEAE NI tizTel WolAedlA



YUC29F YUC3 +7d7ke] Bdo]l AEe zole UAAT MATPGE w3A4e] &d o33
Hg|H o2 Jebds g & Y v, & YUC fdAEe 1 94848

FEAT. ol AME W FojRol MATPGL FAAE YUC FAATANA  YUC2SH
YUcsel s vlEld o2 243t auxin biosynthesisoll #Hdt= Ao 2 FHHEAT. ¢
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The Tryptophan-Dependent Auxin Blosynthesls Pathway
first step s calalyzed by TAAs thal Iransfer the amina group from
Tre o an alcha keto acid such as pyruvate to generate IPA and
another amina acid. The second siep is an axygen and NADPH-
dependent readion calalyzed by lhe YUC flavinccontaining
monoygenases. (Malecular Plant (2012) 5(2): 334-338)

% 51. MATPG4 'L Of7|E T, HEMENQ auxin biosynthesis pathway®lA Yuc {HXAz, 121
MtATPG4 SO TSt RT-PCR Zat g CHE = tubulin.

® SUMMARY

O MATPG4 A A= Medicago truncatula®l Medicago truncatula AT-hook DNA-binding
protein(GeneBank accession number XP_003616459.1) 2.2 32871 9] olr|4bs & 3)si=
987 bp =719 AL dl%5 E(ORF)< 7FA 3 9oH, 2 7|9 d&(exon) o2 FAHH U

O MtATPGE T3 Q@A e A4k AZE 4% 23 JNAl =27], S A4
TH ZE AEY A FUHE Y, 28 Yol-oEF w3kef fEY ¢-fE k3l
AN = opFFo Bl Qo] w3E A

O ol8d 4= AUAE S 283/ &F2
L zpolo] 7|l Aoz FHH.

O MtATPG4= cytokinin biosynthesis +8 2} % IPT3% IPT7 +%7k,  cytokinin receptor -+
A2 F CREI %A}, Z1¥]al histidine phosphotransfer proteins(HP) XA+ & AHPI
TRz HEE HE A or st g FA FHF T Holems FUkek 22
A S 28a/ 5L 57 %Y 2SS ATste Aer ddE.

O MATPGE F3A= YUC FAATAM YU YUC3S| 2dL Hl#E Aoz zdsto
auxin biosynthesis®l ¥

4.
7] Ao B AT MIATPGE -3 A12



O MIATPGH S AAE @ XEdFXBT oje} 48 2EF 2] HANE 2Ed2 44
AT @7} st 2EY 20} 2o 2B~ AGHS FAL AT
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(3) MtATPG3 and MATPGS. A& A3 T 3 5714% F4d Az

O MtATPG3 (Medicago truncatula AT-hook protein of Genomine 3, MTR 5g011520)%
MtATPG5 (Medicago truncatula AT-hook protein of Genomine 5, MTR_7g080980) -+ A7}
AEe AL T B 7] AR FES AFste AE Flstr] Hstd A fFAAE

FFo s =dst N7 FHAAZAE ARste] MIATPG3} MATPGS ZAAA 9] 23

fFrestadth. AHEE MEl= pCSENIF HWlE oW, #AAE A= WFozr F2Y5Y

MIATPG3 53] tigk Al A0 pCSENIF-MtATPG3 Al =3 WE| 9} MIATPG5

AApel thg A FAA pCSENIF-MATPGS Ax3 HEE AR om (23 52),

Medicago truncatulad| x| 2 2] 5l I2A WH=z fAA =Yl &3 primer 4

Hie & 153 2ok A7) pCSENIF #E d8%9 f54 ZZXE(inducible promoter)$l

SEN1 ZZRE|&= 4 E9 A% dAo mz} ddE= Fdxte s Solds zt=th

tlo ol

A EeoRI  Pacl St
Pt

pCSENIF-NHATPG3 vector

/

(B} Feollf  Pacl A

Lo Lo By
il ™

\ pCSENIF-MHATPGS vector A

a3 52. MATPG3 [HXIel LHE 9Bt pCSENIF-MATPG3 vector (A) R MATPGS S7HXIe LHE %
pCSENIF-MtATPG5 vector (B)2| R AT

-

E 15. Medicago truncatula®lX MtATPG3 R MATPGS S7HXt 22| U HEHE HEZ U o HE
primer HH&

rot

Gene Primer Name Sequence
MATPG3 Pacl/MTR5g011520-F 5-TTA ATT AAA TGG ATC AAA TAA CAT CAC ATG GA-3'
Ascl/MTR5g011520-R 5'-GGC GCG CCT CAA TAC GGA GAA CGC CCG GTT-3'

Pacl/MTR_7g080980-F 5'- TTA ATT AAA TGG CCG GCA TAG ACT TG -3
Ascl/MTR_7g080980-R 5'- GGC GCG CCT CAA TAA GAT TGT CTT CCA CCA GA -3'

MtATPG5

O %+7] pCSENIF-MtATPG33} pCSENIF-MtATPG5 A =3t #WE] S o] &3k o1 =2 uly) 2|2
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pCSENIF-MtATPG33} pCSENIF-MtATPG5 HEZ FZdASd T, 7130 2AEe
ToF 159 FEF S vluste] & o, IV FAE WolA gRIES ALY F

2 EAW 9 oiUe}t m7] AR FHPH oS 7HA= cytokinin Lo FH
E4L 7HHY o8 d A FU9t cytokinin 3R BHFPH EHL APAF
71 thel AT-hook FZ#te] FHEPo 2 g UEAH FIFH EHozZ B A
ettt & = FAAe] Hd JolA EAY F3F Axe] WHL viol w2 S,
gy 2 A SO ¥332E AFsie W = dde
cytokinin 43 FJF S AFIdthe AT AT A B
I MtATPGS 37 BFE A4
Fom, o sl M AHE T 7ITEAS

Foel A cytokinin HLHe FHF S VM= MATPG3 MATPGS 219l 4% 11
& 537} 54004 A Al ST

¢

MATPGI T MEATPG3-Z MIATPG3-3 MIATPG3-4

; 2 »
MiATPG3-8 MIATPG3-11 MEATPG3-19 MATPG3-20

O™ 53. MATPG3 QTXL WH of7| = T, YETEH e EHHHY EF.

MATPGS8 MATPG5-9 MATPGS-13 MATPGS-14

O3 54. MATPGS XL WH of 7| FC T, ETEH S EAHHEH EH.
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pCSENIF-MtATPG3 FAAE 7FA A = HolA el EFE of71 -t =+ (Con)$} ¥l
wate] & o, AEAe] G Fo @de] FEEH UEger IrEe Je ol W
oA T MtATPG3-2-4-15 HolA &1L =7] A4 Fdo] ¢S ZstA verwth o] 2
Qe ol & 50U F WK AE Wl OREZ WHolAl ek 2Fo] cytokinin-Fdd TAFL 7}
A glom, o]F 709 B AU Wl H7] A Aol FESHA eSS < &
AT A A4k Fo) FZo AAM MATPG3-2-4-15 HolAl 2AS A Q)sta o
8 MIATPG3 ®olA 2112 ol & 50Y Bt SIS wfFE 7NA 2710 oA
ok ol H|sle FUlstew, wol & 70d FoF ASAES W A =] 2 T2 A4k

g T7hek 22 A %—Eﬂoﬂ AA o7} oRA el mlste FEI F7F Aol yE
ST Webd B MIATPG3 w3 A A& AdAd S 3 =7 94 ¥4 ll o 3o

A ZFE g %ﬁx}%gi FoETh o] st =) AR ALY ZU=
fed ol @ A $do) Buiet Aelrh 21gel Ut Aoz dedd ol
3 @2 Exo] £ KA Do o5 FEEE A2 sy st LaE F
A AY A F 590 gzte HolA el e MR B ATE ARSI Q)



H CoHD B MRATPGS-2-4-15 H MRATPGE5-8 B MATPGS-6-4 E MATPGI-11-2

Ralatlve value {%)

Height FW Dw NTS TSW
Yield parameters

O3 56. MATPG3 L8 Of7|EL] T:., FEHE s@2Qle] Mid SO X|E EXM(n=20). Height (cm); NTS,
numbers of total silique per plants; FW, fresh weight of plant; DW, weight of plant after dry; TSW, total seed
weight; 1000SW, total number of seeds thousand seed weight.

O MATPG3 ‘4@ ®o|A ZRlel AR Sl FAd s 4 X MIATPG3 +x A9
HdE Bt Aozl A=AV ALY S 84S VA= AE AEs] £46H7] 9sko
HolAl R MIATPG3-2-4-5, MtATPG3-5-9,  MtATPG3-6-4,  MtATPG3-11-2,
MtATPG3-14-3, MtATPG3-17-8, MtATPG3-20-1 18] 1. MtATPG3-20-39 W3+ F2 33
T 2 AN S ARE A&t AN iz vlas] Bkt AH8H A4S
S AREE A5 7)(height), &2t (silique) F=(NTS), A ZFFW), FAAZFDW), F 5
b FA(TSW), ¥ FAF ~(TNS), 2813 1,00071] F2 FA(1,000sW)°olH, A= 2l
2 7} 2070 A e Bgkolth(E 56).

O 1 A#, 1% 5604 R vkel o] cytokinin-AEd FAFEES AsHA TR
MATPG3-2-4-52 A &3 729 288 sragls of wliste] HFEgk YA
A Fd §4E HAE ASE eyt ZE FHAE ZJAEL oA Pl niske] 120%
olFe FTA FEEFS UeRlon, O F JAA 2GR T MATPG3-20-12 tZ7-l
Hlgke] oF 160% o1/l T4 & Yetiddet. 19 ¥k F2 1,0007H9] FAl= ol
A 2l dx=F7F 2 o)/t Yl th(data not sown). WEkA o] Z 3 FA AAke] FUhe
HolA 2pIE9] T2 Z7]9F #AGlel B4 4 F7kel 7IQlskes ZAe® dddn. 1
g1 FHEL AL cytokinin-HEE RHPE THAE MIATPG3-2-4-55 A7 tiF-2
o YHHZ TRIJAEL AP vt £33 A7E 7RItE Folt o]y s AR
n| Fo] Mol MATPG3 A7) wHdlo] wtdl Ax o wel 7] A ik =09
A& AFsta, AE S FY AL VA BHRIES AUzl JAME A
ol tgH oz A FU Y FFS AU Mo MATPG3 F3aA= 4t
o= A A2 H8dE F g FHolth 7] RIS ALk Sl

g 2P Aole AEY atole AT A AFA AF3HA R0l ofnf MIATPG3
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$AAe Bl AEel Aol o) Yehtele BeE

$8E MtATPG3 MtATPG5«] A SHet 57198 Y sHdFES FHE] S5tk
3Rk HolAl T RERlS 53l MATPG3o) tigh =3t XA, 2Eg 2 A I A E
S 2 signalingoll thdk 7] XS R8sl Qom, MATPG5S] 745 A" s 29l
2RE MY S, =3 AQ, 2EH 2 AYAH 2 HE TEE signalingol g F71

N 242 APt Yok



o 399 =3 AASE A construct A2
1) =39 BAARE I construct A2}

oA =9 FAAe] LAY S 2 7] 93 3
Al & promoter?! ubuquitin promoterE 83 1G22 HEHE
stAth R KRR ATHGI, ATPG3, ATPG4, ATPGJ, ATPGS,
+ Ubi ZZXRES} Arbes EluU|o]E] Alo]o] Z=]]3}d
AL H 57).

ot [

358 | PPT

2 e ) o e e

T ) Y B e
| o] [=]
K] Qm ]
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358 | PPT Arbes |

358 | PPT Ar bes |

358 | PPT Ar bes | |ntmr|GU$

LB 358 | PPT Ar bes |

2TOTT

358 | Bar

ﬁ

Ar bes |

a3 57, 1To SHXLof CHst SX

A7 28 8

HAE =SS,

bo| HEIMSE HWE JF G-2 HEQ| Ubi ZEREQF Arbes E{O|H|0H Af0I01|
A7’H67 ATPG3, ATPG4, ATPG7, ATPGS JE|1 ATPGI0O| CHEH HIE X

right border; LB, left border; BAR, phosphinothricin resistant gene; 35S, CaMV 35S promoter; T35S, termlnator,
Ubi, ubiquitin promoter; Arbcs, terminator.

O 12xd =9 Al &=3k F1AF 45

% AHL26, MtATPG3, 18]3l MIATPG4 F+3AA = <&

Al R Faket 2ol A 3 promoter?] ubuquitin promoters &3 1G-2 ¥ E| 9]

Ubi Z 23 E 2} Arbcs
7 gaAel g e e 19

Efmj|o

B Aolo] Eqiste] ST FAABE WHE AT
583} 2t

Jr Su— e o
Ll ams = sl I ‘~ s LR
SN R S T ST é\n“"" LFesS | _cus_ | rova 5]
: : Hindli}
Xtol Xhet Baekd Sact Bamek brcol, bl
AR T T H( Ubi M H pass ) o0 e | el
Poly-A s “~— ,‘ 1 _cus | pola [ B
EemRI Smal Hindlll
Xhol Xhol BstXI Sad BamHI Heol, Belll
L 355 e -~ o “~.J Intron iy R’
s | PPT )— P355 -1 Atbcs [ MEATPGA H\ Ubim [ Pass | "Gus | voma n "
‘ \
EcoRl Smal Hindlll
Xhel ¥hol BstXl Sadd BamHI Neol, Bglil

BIE| . |1G-2 HEO Ubi ZEREQ Arbcs E{O|[O|E{ ALO|O||



M F& |HXE =Y. AHL26, MIATPG3, JE|1 MtATPG40| TSt BIE| £, RB, right border; LB, left border;
BAR (PPT), phosphinothricin resistant gene; 35S, CaMV 35S promoter; T35S, terminator; Ubi, ubiquitin promoter;
Arbcs, terminator.

(2) I3 FAFAE HE construct A=+

O =gtollA A Fd 9 7] A% HxFH TS st 2 ATFHS FE fHA4 F
ORE152] 73%, @A &d Z2wEQl 3552 23S W= pCAMBIA3301 HEIE o] 4314
FAAeE WEZ AFsgoen, &R §HA F ATPGY ATPGs, ATPG7, 181
ATPGI0 372 GM Z= Jidell glolx 53] H4 3|9 7hs WE2 &g dAof o
AANA zdo] 753 pCSENIF WMEE =3} FAdeA] kel o] &ttt ol2d =3}

FAAEE wE g B Es 19 599 Zrh

(] (B)

L IS o cnes smcsres 55— DI

Aply HaliTr

PCEEN-ATPGT ZgThs BAR X\ pSsS PSEN: ATPGT WE:"’

PCSEN-ATPGID :E:j:swgfgw:@ PSEN: ATPGH ' ="
s S8 O
(A St
i i

J8 59. =3} AEHEE HE construct HE. (A) 355 promoterg XE%t HIE ZAT (B) SEN promoterg M&
of ®lE RALZ  RB, right border; LB, left border; BAR, phosphinothricin resistant gene; 35S, CaMV 35S
promoter; pSEN, SEN promoter; T35S, terminator; nos Poly A; poly A signal of nos.

PCSEN-AHL26

"W P— r
pPCSEN-MIATPG3 :E—-ra_ss BAR @ p3EN; MmTFca&.

-
v < BT 8 — D=~

a3 60. 1-2AtA 0l H=oh M {TX 350 it 2t XS HE construct MZE. SEN promoterE H
235t #lE| ZAT RB, right border; LB, left border; BAR, phosphinothricin resistant gene; 35S, CaMV 35S
promoter; pSEN, SEN promoter; T35S, terminator; nos Poly A; poly A signal of nos.

O 122 d =0 Al WaE33 3R AHL26, MtATPG3, 18]3l MtATPG4 3% T3 GM A&
Mol Qo B8 Hax By ks wEz Y g v AslH xde] Aed
PCSENIF ME{o] =¢ishe] %5 F2AAEA Aake] o] §3HATHLY 60).



gt E3Y JAAEA A R T AA

A= FAHF] - oH L 2 E sty EXHe kAol §8FQ FAHSF
| =8 §A3= 7)7te] 7 AH 2~ AEY FrI} 7}
LZA oA AR g0 TS A AYH S ALV A=

=
53}71 o—gH ack ﬂ?]“ﬂoﬂ}i— UH‘?‘ Q‘F 1?}31:1 ;%]Egl

u GAdstA doh ol EAHE Sl =

Mz TAE AFste] AH2E FEst A3 &80 w2 AH2E Adsia Aok
AA 2 AFEHLS AES; EL80] 90% ol A x 34l FEsta jlon, ol Ay
2 AF< ol8ste] ExHe EHE ATE FHSIAHTH 61).

| Callus induction and selection

[ Seed (ZulAI) |

o

+
Callus induction | —— | gelection and maintenance ofembryogenic callus |

e g B O

- selection and mintenance media; MS, 2 mg/L 24-D, 0.5 mg/L Kinetin -

Medium; MS, 2,4-D (2 or 4 mg/L)
257 for 6 weeks in the dark

Selected embryogenic calluslines ‘

l

Regenerationtestof calluslines | |
Medium; MS, BA (1 mg/L)

J8 61, STl HAER Q20 UHAS 018 Ml Y

Agrobacterium infection Co-cultivation e

;1 dayin the dark(120rpm. 25 °C) - 3 days in the dark ShootSelection 1

: MS containing 2mgL 2.4-D : MS contaning 2 mgL 2.4-D : MS containing BA (1 mgL),
and 100 pM acetosyringone and 100 pM acetosyringone PPT (3 mgL)

and Cefotaxime (250 mg/L)

Shoot Selection 2 Root Selection
: MS containing BA (I mgTL). PPT (1 mg/L) - MS containing  PPT (1 mg/L)
and Cefotaxime (250 mgL) and Cefotazime (230 mg/L)

a3 62 STICIQ| P53t /il HHAE 0|88 JRTAMA2| =



62)< Z &8t A S skt
7194 A =49 FEASAE YAstr] fete] HsFAlA s a0 =
< WA 2E ARSI Agrobacterium "7 FAATS AASAY. 53 FAAE =
UE Agrobacteriunel ST A 2F FASEA 2443t HFAR F, 33| FEGe
A 3 mg/L«] PPT(Phosphinothricin)7} H 78 shoot A v A1l X]4ste] 2531 vl &
ARl % 1 mg/Le PPT7F F7FE shoot A viZA22 &7 ©hA] 25 F sl FAIA AxE
AR g ) 25 2HH O F N Z-E shoot HIAZ &7]|HA shootE Adgitt. AUE shoot
+ 1 mg/Le] PPT7F A7 5] A vjA|o] x4dste] 1-271d &<t Ml A 5 F#39]
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PAT e wdo] ld FAMgAe] A4 T-DNA copy T5 &Ustr] 93t
southern blot 42 AAI3IA T kAP H FAHEA e o dHOEHE genomic DNA
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Azpe] Eol A J primerZ A Z8to] RT-PCRS 433t THE 16). RT-PCRS] ZAL 94T
of| Al 5:%t pre-denaturation ¥, denaturation 94C 30%, annealing 58.5C 303, extension
72C 30%°A 25cycles 333l 2% agarose gelolA #H719F F G-Box EF gel
documentation system(Syngene)< ©]-&3t 73}l
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H 16. YHMEH ol FHX HH 2M0| 0|23t primer HE
Gene Primer Name Sequence
150 R | 185 TRNAF 5-CCT CCA ATG GAT CCT CGT TA-3'
- 18s rRNA-R 5-AAA CGG CTA CCA CAT CCA AG-3
ATHOL AtATHGI-F 5-CGT TAC GTT AAT CAC CAG CIC C-3
AtATHGI-R 5-GCA ACA TTA GTA AAC GAA GCT GC-3'
TP ATPG3-F 5-CAC CGC CCA GAA TCG GTA GTA-
ATPG3-R 5-GAT GCG GCG GCA TAT TGT AG-3
. ATPGA4-F 5-CTC GCG ATT CTC CAA ATG CT-3'
ATPF4-R 5-GCT AGG GTT TCG ATG ACG TCA GT-3
J— ATPG7-F 5-TGC AAC ATC AGC AAC AAG CTA TG3'
ATPG7-R 5-GCT GCA ACT GAA CCG AAC CA-3'
TP ATPGS-F 5_ATG CAA GAT GCG ACA TCG TIT-3
ATPG8-R 5-ATA AGC TTC ACC TGG CAA CGA A3
atpGlo | ATPGIOF 5-GCG GTG AAG AGT CAG GAC AGA-3
ATPGI0-R 5-CAC CCA TGT GGC AAC TGT ACA T-3'
FAAS Ao EA BHL F357] Y8 74 78 A =99 XY A ASA
58 43l AAHL Falo] 2404 243U
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O ATHGI =AU B3ARE S2Y A 2 /A B Rl ATHGT #3748 E3¢d
E=dste] FAASAE st ofL=utH gl woll 4 ¥, shoot &= B Al A
A F 257/0A 2] ATHGI-Z A A3 EQ0E gragon (g 64), o] F 7HolA &
At Rt FAAY s 24ddA estste] FAsIAT S4E FEAGA S
Trait LL Test Strip #4& F3lo] Xdnt7 FAAA har AL THAEQ PAT &
Aol rdS SIS ASH(IE 64), genomic-PCR E4& T3l ATHGI +3d#e] =
FASFATHLH 65). Genomic-PCR A A FHAe] E9jo] Sld FAAS HES
83} Southern blot 42 3 A3}, thFEo] single copy A7 =UH A+

AT 5 AATHLH 66).
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WT, Wild type; 1-13, transgenic plants
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a3 66. ATHGT QHXI7F =lE HEHHE STIC|Q| Southern blot £4. M, DIG-labeled DNA molecular weight
marker; WT, Wild type; 1-20, transgenic plants
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ATHG1 5379 £33 fEl2] 18s rRNA A Fell o] 2l primerE A &3t RT-PCRS
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a8 67. ATHGT X7 =UE FHMEH S = Xl HH =l WT, Wild type; 1-10, transgenic plants

O ATHGI =% FdAS EXUY 7%

% B4 Southern blot #4137} RT-PCRS 53l =
2 fare] 551 9 wdol Sl ATHG! FEABA 1045 hEoR waAd B 13
THY BAHLS Y5t ATHGI FAAS S w3z EAFS #9035ty 3 4
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O3 68. ATHGT SMAI7F EUE HEFME SXIC|o 1k} BEHE BM, Al20o| 9 HHZ L3IE st o Xg|
ob 3, AlZh Zutof] M2 BEHY HoE HESAS. WT, Wild type; 1G2, positive control; 1-10, transgenic lines.
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2 Fell e 104lF 5, AT Fl bar 7337 B 52 FHAR] ATHGI
frA 7ol gk Southern blot 45 &3l single copy® &<1€ 1H, 29, 41, 104 A
e WFeE 3AA #d Y B4 FHIAN. ATHGI FEHE 33U &3
A EAS Fdstr] A8l d 2SS T8 F A EY 35 SAAN|= ajleE F o
Azl 4, Jikears, MEA2E Y o) E(MeJA, Methyl jasmonate), 72 $5% Y A&
o mE AL B3t FAdE S3¢Ye] o dHe SF, 300mM NaCl, 50mM

H>O,, 250uM CuSOs 10uM MeJA £qo ¥ E1, 7é}‘”,71:2j(16h light/8h dark)oﬂfﬂ Al
7+ Aol wE o W 2 ] Asks BRIAT A 109 Feo) o HHe| WIS B
, REe 274 AN FAAS rie 9 AWe by Hate] mr]7}
g Aol FANATHIY 71),

a% 71. ATHGT |HX7t =YE HEFE STClol AEYA-QE 3o Cfst EHA EM. AZo| ¢ HHEZS
AE L3E RESHE 02 ZA(Y, 3502, IiteteA, HEXIAZHOIE)N XM2[sta, 100' 20| o HEf H
—"=7| HeE ORME (W)L Hl J—F* SEAS. WT, Wild type; T1, transgenic line 1; T4, transgenic line 4; T10,
transgenic line 10; T2, transgenic line 2
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Chlorophyll a=(13.71A¢64nm-2.85A647nm) / gFW

Chlorophyll b=(22.39A6470m-5.42Aseanm)/ gFW

Total chlorophyll=(19.54As470m*8.29A664nm)/ gFW

(A, absorbance; F22% & T9lE nmol * mL'g"Y)
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3 72. ATHGT WXVt EUE UMY SHC|9| LAQE ZAAXEYA-QE kshoMe S22T oY =
M 29 9 BES ME L3E REslt Ol2f R, S350/2, HMBEL, HLHALO| ) H2 e
10°' =0 -L‘7| qEE OI:“'°4 (WT)Zt H|msto] 2XtY £=Fo|A BAM%T. WT, Wild type; T1, transgenic line 1; T4,
transgenic line 4; T10, transgenic line 10; T2, transgenic line 2. (A) & EH 1g & & 2224 o2k B) ¢ EH
1g e SEEE a € (O & EH 1g & SEEE b 2 The lalues represent the mean + SD from three
replicates for each treatment. Asterisks in each column indicate significant differences in the transgenic lines
compared to wild-type plants under the same condition as * P < 0.05 or **P < 0.01 (Student’s t test).

O ggog w3l 272 ~Ef2 Ao B2 FHALZE A FHL =P ~EH A
Hel 109 T MEZ 05mge 52 st BT JHEZ ARE AL I 01M
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potassium phosphate buffer (pH7.5)°l 02mM ethylenediaminetetraacetic acid (EDTA),



1% (w/v) polyvinylpyrrolidone (PVP), 1mM phenylmethylsulfonylfluoride (PMSF)7} A7}
d W3 800uLet 5E7 wAdsHAl EFEAT RS dAEHsH, FTAE oHste
zgrqoz ALY FE3I} xF54o @@ S bicinchoninic acid (BCA)
protein assay kit (Thermo Scientific pierce, Rockford)e] ol we} #2443}t
2 bovine serum albumin(BSA)< ©| &35t HEFA S st ‘:‘r‘miﬂ FFS A
T4 84 SALS ERFEAE ol &5t oA B9 AW FFES WHIE A
o2 ZAHsA T Catalase (CAT)S] A4S ZF 49 20uLs 11mM HO& %
50mM potassium phosphate buffer (pH. 7.0) 600uLell F7}sted 1#3F H.0.9 &
240nmeol A FFE HAE A3 Peroxidase (POD)S] &4 2 pyrogallols 712 =
d<& 5433, 100mM phosphate buffer (pH7.5), 7.8mM HxO, 15mM pyrogallole®ll
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03 73. ATHGT QEAVL EUE YRHE SHC|o| AEHA-SE woo] i BHMAT HAH B2 BY 5

(n=3). 422 & BHS Y& L3E FEols 0 =Y, 502, ditste2, HENAEHOE) M| =,
102 =0 -L'=7| BEE 0F*”°4 (WT)2t I:I|Il._o|-01 22X =F0AM 24T WT, Wild type; T1, transgenic line 1; T2,
transgenic line 2; T4, transgenic line 4; T10, transgenic line 10. (A) 1g & EHO| Z& = & peroxidase &4 (One
unit of peroxidase will form 1.0 milligram of purpurogallin from pyrogallol in 20 seconds at pH 6.0 at 20 °C.
This unit is equivalent to ~18 UM units per minute at 25 °C). The Values represent the mean = SD from three
replicates for each treatment. Asterisks in each column indicate significant differences in the transgenic lines
compared to wild-type plants under the same condition as * P < 0.05 or **P < 0.01 (Student’s t test).
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I FAAGA Y] o dES ol A 3 F AIRE Aol whE e =] WdtE aF
& A, Ay F 1098 FEAS A= F 29, 5WUH 7H AFo] oA F A 1G2 FHH
7F =8 A el vlEl =718 ° fAS L e SASAH(LE 78). HtsrLE &
A3k &l opgE B FAME Ao o dEs A T F o =] dHIE #F T
A3, 14470 FAAE A= F 49, 10U ASoNA opFFH 1G2 sHE7F =08 A=
o Hls) =71& A= AS SAJASATHLH 79). AFEZNAL] =7 97 54 4

2 FYsr] 8l o5 FAABAE LUolA LBt FAFAT

I

a3 79. ATPG3 TR EUE FEPE STCIQ 1A 2o 24 ME2 o EHES =3 I MFAEYAE
FESHE et 0 X2 oF = 1420 E 9 BHEo mBAY HIE BESIASZ. WT, Wild type; PC, positive

control; 1-14, transgenic lines.
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2ddA FAE AE 14AFE Fol AT FHARJ] bar FHRAG
Aol tgk Southern blot 4 A A single copy?l 2O =2
W, 49, 8%, oW, 129 Als& W E =3Ad ¥d 2dF Y-S AT ATHG3
FAAE 3399 w3 Ad A4S &dsr] fd 2 F A =38 FAMTE &
oz # AR o, Fakslea, YA 2T Y o] E(MeJA, Methyl jasmonate), -8 g
Z0 M EAS A3t #dAE 3o ¢ HdHE FFHSF, 300mM Nadl,
50mM H,O, 250uM CuSOs;, 10uM MeJA &Hell %2 F, SHoEE Y XZ(l6h
light/8h dark)ell W8kl AIZE Aatel] ©E o Fe 9 =7] ¥stE #FsUo 1 4
I, A F 10L2A tiREe] A oA FEHS AFol ofF A Hlste] =717F A
FEE 54 Bfsta laol FAHATH(LE 80).
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=312 REots o3 XY, 320/, Misaa, HEXADU0E)0f Haletn, Ml 102 Zof Y He



2 57| =E OpMFEWwWIIF Hlm HESIAS. WT, Wild type; ATPG3-1, ATPG3-expression transgenic line 1;
ATPG3-2, ATPG3-expression transgenic line 2; ATPG3-4, ATPG3-expression transgenic line 4; ATPG3-8,
ATPG3-expression transgenic line 8, ATPG3-9, ATPG3-overexpression transgenic line 9; ATPG3-12,
ATPG3-expression transgenic line 12.
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2 M8 3E RESHE Of ZH(E, 3502, dHtetea, HEXAAZHOIE) X2l 2, 10Y —.—01| =7 Bz
=

OpMd(wTt Hlmsto EXHE =F0|AM FM4T. WT, Wild type; T1, transgenic line 1; T2, transgenic line 2;
T4, transgenic line 4; T8, transgenic line 8; T9, transgenic line 9; T12, transgenic line 12. The lalues represent
the mean = SD from three replicates for each treatment.
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a3 82. ATPG3 RTXI7l YUE V% 1.2*.* EXtC|o] AEYA-QE L3lof Cfst SRRE &Y FH(n=3). 4E2
o 2HE Y2 L3E RESIE 0=|E1 (8, S5502, itstea, HEALARHOIE)N HM2[sta, M2 10
—-—Oﬂ =7| X"EE O (W)t I:||I||_0|-02| BAE s=F0NM AT WT, Wild type; T1, transgenic line 1; T2,
transgenic line 2; T4, transgenic line 4; T8, transgenlc ||ne 8. (A ¥ EHIgE & SEEL LT B & BH 19
g 2EEY 2 . (O ¥ HH 1g & ZEEE b . The lales represent the mean = SD from three
replicates for each treatment. Asterisks in each column indicate significant differences in the transgenic lines
compared to wild-type plants under the same condition as * P < 0.05 or **P < 0.01 (Student’s t test).
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O3 83. ATPG3 R HZ7L EUE HETE STClel AEA-GE 30 CHEH SYMAT HAH 522 B *’S
(n=3). A9 o HHEZ A L3E RFEote oy =AY, x:L-"“-Olg Dpitetea HEXARYOIE) HE| 2,
102 20| SYMAT HAH 540 BHE 5T WT, Wild type; T1, transgenic line 1; T2, transgenic line 2; T4,

transgenic line 4; T8, transgenic line 8. (A) 1,92 & EMHO| Z&t=l catalasel M (EY 1mML| IpAtot=A0| H
SHE =7) B) 1g9 ¥ HHO| =ZgE peroxidaseQI 2t One unit of peroxidase will form 1.0 milligram of
purpurogallin from pyrogallol in 20 seconds at pH 6.0 at 20 °C. This unit is equivalent to ~18 yM units per
minute at 25 °C. The lalues represent the mean + SD from three replicates for each treatment. Asterisks in
each column indicate significant differences in the transgenic lines compared to wild-type plants under the
same condition as * P < 0.05 or **P < 0.01 (Student’s ¢ test).
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© ATPG4-3Z A% =41

O ATPGY U 9208 Y AL R FA8A =9 8l ATPG3¥ Z°] AT-hook
family F8d7+2] sl ATPGY FHAE XU =Yste] FAAS A=S xﬂga}%‘t}.
ATPGE RS S0 =9lste] A7 = At on, AR7A F 2271A 9
PFAAS SRAE FHEIAH I 84). FEI FAAHZ AEANELS AEvtr] FHA]
a4 oMo TS el o (1Y 84), Genomic-PCR A& F3t ATPGL
A7 E4EH RS GASATHE 85).
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Transgenic plant lines
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O3 85. ATPG4 SHX7L =YE FEME STClel |FHX £ =l Genomic-PCR analysis for ATPG4 gene;

H
2212 ‘:?J +5 2 T-DNA EXﬂ—r«] gkel& #13t Southern blot ¥4 -& 4\—333}9511:}
EcoRIS.E ATHE 10ug® genomic DNAE At FAAR] bar 32} 54 4=

A ATPGE A ol BolH o2 A3t probeE hybridizationd}™] Southern blot &4
T A, oAM= band7t HEHA Fhoy FAAGA ATEANM= 1 ol
o] band7} HEHJTH(LH 86). FAAS] =fio] Eld FHE FEAASA SO ATPGH
FA4 TE AARE 2A8H7] 98l RT-PCRE 38t L 23, ofFE S Alojstar =
© BAAGA NN 54 FHA7E dEES FASAH(TH 87).
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3 86. ATPG4 SHXI7t =UE YEHE STHC|Q| Southern blot £M. M, DIG-labeled DNA molecular weight
marker; WT, Wild type; 1-12, transgenic lines
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a3 87. ATPG4 SHXI7L =YUE HEME STCIC| RT-PCRE E% FHX Ld HH™E. WT, Wild type; 1-12,

transgenic lines

O ATPH 9% FAAZ Y 7% B ATPH §4719 9 2 B4HE 3013 12
A% AR AOE o E =X d EAAS 457 8t ok A FH A 3A 2
A Aol A& 35 HIAIIE B4 AFY SR ¢E o 2094 = g8 34
A= FAeFAE A st 2dd ] HEE BASYET oY, 1< 1G22 3
7 299 AEI AAEA d AHE Gz AHEF T AT A 2 g %
dgo] Has AZ 3 Ay, oy x| viste] FAASAEL] =77 Algto] F
Htd = FAFL A 1 F 19, 49, 59, 69, 79, 11H, 12 A5 FA A3
A= x%ﬂl Alﬁfﬂ 7éf+°ﬂE iﬂ«l H 517} 744 %iOiE}(:La 88). H4tsra Ay $ 14Y

=717 FA1E
3 =437
Oday

Sday

éday

10day

O3 88. ATPG4 STEXL EIE FEHTE STCIQ 1A BHY M. AF9 o HHZ L3tE FLot= & XN
of = AlZt Zoto) 2 5mAHY HILE ESIRJAS. WT, Wild type; 1G2, positive control; 1-12, transgenic lines.

[

O™ 89. ATPG4 X7 = E HEHE . MBAEYAE
FEStE dHdteteA0 M2l ot = 140 . WT, ype; PC, positive

control; 1-12, transgenic lines.
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] 2 Fol = 1241%F F°l Southern blot £4-& 53} single copy® &1
T T 3%, 58, 78 AlTe tdeE k3AA Bd 2dY B4 S ST ATPG4

S3He w3 AA 54e glstr] Hsl 2 F AEY k35 FIAT= 9
o=z & ded 4, s F4a, YA AR o] E(Me]A, Methyl jasmonate), 78 &

< BAs Y ddd8 =39 o dHe FFS, 300mM
NaCl, 50mM H,O,, 250uM CuSOi;, 10uM MeJA &0 &HE1 ZHolEE HY =A
(16h light/8h dark)ell Hx]gF th5 AZF Aol g o Fe ¥ =7] WHs A Ao
(2" 90). 1 A3 B2 A oA A AlFo] AP Hlal| 57|71 AR5
= 540 JFFEHIUT
o % A
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& 430" &£ &qo"
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N
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O3 90. ATPG4 TXI7} =Y E HEFESE STClel AEHA G L3tof Ot BHY M. AF9| & I“_*d% A

2 L3E |t Oy ZU(E, 52502, IATeA HEXARYOE) XME| F, 102 20 ¢ °o“5H I =7

HEZE opME W)t Hl HESIAS. WT, Wild type; T3, transgenic line 3; T5, transgenic line 5; T7, transgenic

line 7.

O Hee AEHARE i U FAAH A%e] BUA ELS BASATHIY o).
ofe] 2Edz A S 100 Fol 24 ATEe BYY BEES ST WD
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8 91. ATPG4 ST EUE FEPE STC|| AEYHA-FE L3tof Cfet BE 2E(n=5). 222 A E

ME 38 REStE 02 ZA(Z, 8502, Mifetea, HEXAAZYOE) M| =, 108 =0 57] 3
OFMZH(WT) It Hlmsto] XA =F0M 248 WT, Wild type; T3, transgenic line 3; T5, transgenic line 5;
T7, transgenic line 7. The lalues represent the mean + SD from three replicates for each treatment.
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18 92, ATPG4 SEAIH EUE YUHH SUCIOl A=Y 9E kool () F2EW YT 3. B0 o B
HE AE o8 REste oy =4(8, 5502, ditetea, HEXAAZHOIE) M| =, 102 =0 57 §

EE 0F*“°4 (WT)2t Hlwdst 2XE $+=F0|A E’i".%F WT, Wild type; T3, transgenic line 3; T5, transgenic line 5;
T7, transgenic line 7. (A) ® HH 1g & & 222 ¥Y (B) ¥ ¥W 19 Y 22T 2 ¥ (O L BH 19
SE2Y b & The lalues represent the mean = SD from three replicates for each treatment. Asterisks in

each column indicate significant differences in the transgenic lines compared to wild-type plants under the
same condition as * P < 0.05 or **P < 0.01 (Student’s ¢ test).

©® ATPG7-¥E % £t

O ATPGZ EAR FddE S3d9 A 3 /A =9 &8l =7 A7 SAe T
3T RS HRow 4Eo 57 A% Ve #Ho] & ALE JUEE ATPGY
FRAE S =yste] FHAT AES ARSAT HFTHOE T 197MA9
ATPG7-B 2 SxHE FEAHLE 938). FEAHASFAEL Trait LL Test Strip &4
S ot ek FAARJ] bar FAAS] LEAEQ] PAT @A MAE s
M (28 93), genomic-PCR #4& T3l ATPG7 F47e] =YL SRISATHIE 94).
Genomic-PCR 4o A #FZAke] =)o) 2jld R FAHAAE |83t Southern

blot &4 w33 A3, thFE0] single copy #HA7F =945 AASUs AT = 3l
ATHLH 95). Southern blots F3t FH2e] = 2 copy 71 &le FEHAA &
SHo] A= 1241Fe] FAAGA A ety =9 FHze dEs EBYsATHZH 96).
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2 s 120 AAE AL mE AA A B AR W] FelH gk

Transgenic plant lines

67 & 9 1011 1213 14 15

34

O™ 93. ATPG7 SHXI7L =UE YHME ETCIol MY 9 MUnrz] SEXIQ UH 2ol &t Ao My,
2, Trait LL Test Strip &4
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Transgenic plant lines

6 7 8 9 10 11 12 13 14 15

MWL 1 2 3 4 5

ATPG7

I = =l Genomic-PCR analysis for ATPG7 gene;

a3 94. ATPG7 RTX7L EYUE JEME STCI9l |FTX
WT, Wild type; 1-15, transgenic plants

[ Southern blot analysis ]
‘LECORI
;‘ 355t Bar K p3ss |— Arbest ATPG7 <1 pUbi p355 intronGUS | NOSt
Probe2 for bar gene ! Probel for ATPG7 gene )

Transgenic plant lines Transgenic plant lines

MWC 12 3 4 567389 1011 MWC 1 2 3 4 567389 1011

. -. il i . -
- -
- -
- - -
- - - -
Probe: ATPG7 gene Probe: bar gene

a3 95. ATPG7 SHXI7t == HEME STHC|C| Southern blot M. W, Wild type; C, 1G-2 vector control

plant; 1-11, transgenic plants

ATPGT
1 2 3 4 5 & 7 8 2 10 11 12 i
R e e e e s - D e

THC|e| RT-PCRE &% fTA A HHE. WT, Wild type; 1-12,

J8 96. ATPG7 SHX7l == HEME S

transgenic lines

O ATR7Z EY% 324AE =YY 7% B4 Genomic-PCR ¥ Southern blot #4-&
ot EAFAAY =900 #1E 12 AT FEAS JHE R =IAA EA4S
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QB AP BN FRAAUT. ATHCZ FARD 5D wHAA 4L el
el ot % A% waE 30 Am 8902 @ dejnl 9, HssL, WYAamy)

°]|E(MeJA, Methyl jasmonate), 78 %
At ddAE SHY o @_T%i T
CuSOs, 10uM MeJA &l &e¥a, SHES #Y =Z(16h hght/8h dark)el &
AIZE el mhE o FEl B 57] WstE dEev 1 AR, A 3 10LdA0 E3% JJr
Aebra 2 AgdA oRg Rl wistel FAEAE] o dHe] =27 o FAHIL A&
o] FAFJUIL(ZH 100) ol & FAA FEolA #4134 chlorophyll &8 A AT
(" 101). L A3, 3H AFo] o8 ~E#Hx Zﬂ 3} oAA R Fol thrlsty =7] &7
7b AA fAEl #EHYY, E22E EE 2E
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300mM NacCl
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& 100. A7PG7 RTX7L =YE AT STC(Q Ea%‘ =M. A= ’é“_.ﬂ% 2 L3E |RESE o
A(E, 53502, Mitetea, HEXARZYOIE) M| £, 102 20 o Hef & =7 =& opdd(wrt Hi

THESIA S, WT, Wild type; T2, Transgenic line 2; T3, Transgenic line 3; T4, Transgenlc line 4; T5, ransgenic
ine 5; T6, Transgenic line 6; T7, Transgenic line 7, T8, Transgenic line 8.
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a3 101 ATPG7 M7 UE JPHE SUC|Q SRR AY JW. M= ¥ THS HS =8 REY
= O3 (Y, 55012, itstea, HEXAZHOE) M2l =, 102 20| 57 =& opd(wrn)it Hlwst
01 = A 7<01|/\1 2438 WT, Wild type; T2, transgenic line 2; T3, transgenlc line 3; T5, transgenic line 5; T8,
transgenic line 8. (A) ¥ HH 1g & 3 EEEL & B A EH g EEEL a HH O ¥ HH1gH E
22 b T2 The lalves represent the mean + SD from three replicates for each treatment. Asterisks in each
column indicate significant differences in the transgenic lines compared to wild-type plants under the same
condition as * P < 0.05 or **P < 0.01 (Student's ¢ test).

O
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2Ef 2 Ao mE ST < AT BE 05mge 2 T2
st 28 HHE ARE @2 F, ERFEAE ol&ste] F2oA B9 AR FFE
o] H3lE ZAst= WHOE catalase (CAT)S} peroxidase (POD)< ZA 3+ Th Catalase
3 187 HoO9 &35 240nmolA &3 % A2 =439 3, Peroxidase
(POD)9] &AL pyrogallol s 71EZ 2027t H,0,9 E3E 470nmolA 35 A2 =

3}
9l

N

O thEZAR] S44AEF AA &4 catalase(CAT)9}F peroxidase(POD) F+ 7R &Aof gt
S A% A3, g AN EY A, oYl Plste £& &4 FHS 2
I YA 102). 53] 3H AT A5 SEEF FFH A4S E 4 (CAT, POD) 24
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a3 102. ATPG7 X7 EUE HEHF STC|o] AEFA-GE L3t Cfet SHMAT HAH 54 2 F5F
(n=3). AFQ| & HHZ AlF L3E Fdt= 02 =G, 53502, hitste=a, HEXIAZYOIE) X2 =,
102 20 SHMLT HAH g2o 42 FHE. WT, Wild type; T2, transgenic line 2; T3, transgenic line 3; T5,
transgenic line 5. (A) 1,g2 ¥ EHO| ZaE catalase?| EH(ET 1mMO| Ititsts=A0 HEE =£7) (B) 192 A

Hmo| ZEE peroxidasell &4, One unit of peroxidase will form 1.0 milligram of purpurogallin from
pyrogallol in 20 seconds at pH 6.0 at 20 °C. This unit is equivalent to ~18 puM units per minute at 25 °C. The
Values represent the mean + SD from three replicates for each treatment. Asterisks in each column indicate
significant differences in the transgenic lines compared to wild-type plants under the same condition as * P <
0.05 or **P < 0.01 (Student’s f test).

® ATPGS8-dZ A% =7t

O ATPGS =Y FFAE Y] AL 2 21 =9 L ATPG AR V)5S
N AR dAEE ATPGS FAAE 3T
AA7EA F 210A 9] ATPGS-¥ A8 St E g Hshd
103). YA ASAEL Trait LL Test Strip 41 F3le] Al 2k
A AHEQ PAT @idel IdS sy on(2y 103), genomic-PCR #4& 53|
5 (¥ 104). Genomic-PCR A4l F-x129] E4)0]

o
o] Southern blot ¥4 33 Ay}, tjFio] single
_511]—
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O FAAGA Y A&£ZHQ Ade Tt 3A5S F7HE AEe, olE 3Al8S W=
AdkolA FRAe] @z sl IS Rl om (™ 106), F1A Hd A S
#3te] RT-PCRE F33tATh 1 A3 34|18 EFoA 53 fdx7F AdHo=2 43y
I Aes RASATHIE 106). A ol FAAZIAESY T-DNA copy 5 F<lsH7]

(6]
#3td Southern blot #2448 st ok =3, F7FHQ FAAZS Fdle 8742
FEAAS SHAESS FHRIIFOH(OH 107), ol ATl e FAA = 9 ¢ 4

& WYt o,

Transgenic plant lines

4 56 78 9 10111213 14 15

a3 103. ATPG8 XL EYUE FEME STCIe d 3 MU0 {FHXbel TH Hel I, TN M
& 2, Trait LL Test Strip £
Transgenic plant lines
M WI 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ATPGS

3% 104 ATPG8 [TXI7L ZE FEME STC|ol KB = &l Genomic-PCR analysis for ATPGE gene;
WT, Wild type; 1-15, transgenic plants

[ Southern blot analysis ]
.LECORI
E 355t Bar piss Arbest ATPGE <I pUbi intronGUS | NOSt
—— % T
Transgenic plant lines Transgenic plant lines
MWC 1 23 456 7 8 9 10 1112131415 16 MW €1 23 45 67 & 9 101112 13 1415 16
e V= B Y & e . _— e Tl R
‘ - ‘ —---__-'- . - - -
- - - = = : - -
- - b ad
- -
- - -—
- - - — - k| —
Probe: ATPG8 gene Probe: bargene
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a3 105. A7TPG8 X7t =IE HEHE STC|Q| Southern blot M. W, Wild type; C, IG-2 vector control
plant; 1-16, transgenic plants

ATPGE

% ok
N :

ATPGE

7] 5 8 +

a3 106. ATPGE A7t EUE WETE STHC|o| Moty |FHEX LH =l (&, Trait LL Test Strip £4; 2,
RT-PCR £4M). WT, Wild type; 2, transgenic line#2; 5, transgenic line#5; 8, transgenic line#8

3% 107. ATPG8 RTA7L EUE FH FHEME STC|Q MEU(Trait LL Test Strip &4). WT, Wild type; 1-8,
transgenic lines

O ATPGS =43 §2AE =499 7% £4: Genomic-PCR 2 Southern blot #41&

Jo] gle Y7 ATPGS-FAXHE =3HE tide= =344

T3 A T ATPG8-FE 3 E3Ye] o AHE o 2 A&

2dgel WHlE BES Ay, FHAAS AE 29, 3 2 4 AF
Al
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a3 108. ATPG8 STX7L =YUE %*E".‘ii._* =
o Mzl = 1 Bgol HE 2

a3 109. ATPGS SRV EUE WEHS STC|o] SHEMES B °|IA'I°I 4

o U MBAEAE

a3 110. A7PG8 RTXIL EYUE 2
ild type; PC, positive

FEohs Mt K2l o
control; 2, 5, 8, transgenic lines

-IOF

® ATPG10-3ZA A3 &2

O ATPGIO 5% 3dAE SAYY YA 2 FA2 =Y FR: AT-hook family £ #+9]
shQl ATPGIO #RAAE EX3H E9ste] 2488 &S AxsAT. ATPGIO 4
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A BT =ste] FFHAE TRAS Al Jol o, AR F 1270A9 A
A% TRAE FHAIPL AL ALS T AHIE 111). SRS FAHAS 2=
£ AdvlA FRixte] @ fFoAe] AL FIEHom (2 111), Genomic-PCR
BAE Bt ATPGIO FRAA7 EYHASS SRJASHATHIE 112). olFellA 7ol A
FE3 S 97 FHAEA A5 S ez =3 T 24oA F2Ea glon,
ol Wid HF FHA Id BAS FYATE RPN FAATA Y] JOoERH
total RNAS FZ%3lo] RT-PCRS FaToan £ F1x7F ARAow BdFS gl
SFATHIE 113). @A ol& FEAZAE9 Southern blot E41& T3t o, =%
=3 Ad EAEAS fsted 24 oA 24 Foll Utk F7F AFS Bk Al T
72 ATPGIO-8E 8 THAE T3 7UoA vl Soln(2d 114), FE3] SAA

E ez 53 gz =9 3 2d E4e Jd¢)
o]

| M Fakstra Ae 234004 AR 149 Fol= opAE I tjzTol H]
2l

€ Control
€ PAT

a3 11. ATPG10 SHXI7L £ PS4 8101 (Trait LL Test Strip &

).

Transgenic plant lines

MWT1 2 3 456 7 8 9 10 11 12

ATPG10

a8 112. ATPG10 STX7L =YE FEME STCIQ {TX = =Rl Genomic-PCR analysis for ATPGT0
gene; WT, Wild type; 1-12, transgenic plants
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ATPG10
1 2 4 3 & 7 o

a3 113. ATPG70 |X7L 2 E HRME STHC|e] MEUOAH |FTX L =QIE,, Trait LL Test Strip &4; 2,
RT-PCR &) WT, Wild type; 1, transgenic line#1; 2, transgenic line#2; 4, transgenic line#4; 5, transgenic line#5;
6, transgenic line#6; 7, transgenic line#7

ATPGI1O
1 2 3 45 6 78 ¢

TR

(cld

38 114. A7TPG10 STX7L ZE FEPE 2H STHC|Ql MU (Trait st Strip &4). WT, Wild type; 1-9,
X

= LL
transgenic lines. 21X O|F HET LM Z2| Southern blot 42 3t °'

to 3

A% 115. ATPG10 SEX7F =QE & i WS L3} 9 ABIAEPA
= ol mAStAAO HE| B S 1420] = 9 . WT, Wild type; PC,

positive control; 1-7, transgenic lines.

® MIATPG3-32A A& 74

O MATPG3 ZA% A 49 AN 2 FA8A =Y Rl AT-hook family 7 A}
=& AZ3AT. MATPG3
AA7MA F 304 MA o] A
116). BRI FANZ 22
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Southern blot ¥4-& F33ta 9o, 5 =3} AA EHEAE 95t 24 YA F

2zl ek,

Transgenic lines
5 6 7 8 9 10 11 12 13 14 15

a3 116. MATPG3 STXZL UE JEME STiClel ME Y dE0rH {TX LHEQl(Trait LL Test Strip &
A).

Transgenic lines

3 45 6 7 8 9 10 11 12 13 14 15

a8 117. MATPG4 TX7F = E AR-TE STClo My o MEU0H [HX LI (Trait LL Test Strip &
kl)
=1).

O MATPH S93 324" =39 A R /AR =Y & AT-hook family -7}
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el =9lste] dddR A=e A=xsAdth. MATPGS

= o FAAY FHAE AT Rey, ANA F 2270A 9] B

Az gk ji*iiﬂ%‘ QP—O}?&J—’— ]é?— A 9 }—’ 0"3}(—'1a 117). X3 FAHAS 2=

o SHelstd o (¥ 117), Genomic-

helatitt. @A ols IAASA
[

3 SHEHS Slskel 24 o

N fo .l\?i

4) 984 & E3Y A5 54

O B AFee =79d FHAA 8F(ATHGI, ATPG3 ATPG4, ATPGJ, ATPGS, ATPGIO,
MIATPG3, MIATPGH®] FAASAE o2 4F 75 £4s T F 44159 ¢
F PEASAH TR ATES AL olE N AFS 24dA w88t S5

to o] w3l7h A2t = 119 2ol 24 ATy 28 S AT L A3, A 470

B opdy Exl HE k3t AdEE FES YEANL, 53] ATHGL-3 2

A% AE 1H AlS3 ATPG7-F3H S A& 3% AlFo]l =3t Ad P30

e 25 3

N
—_

o

-

=

N

H

gy

° iy o

E}O rr rlo <o
?rﬂjﬁéﬂlm_ﬂm )Y

—
o o M ox WU o oegh ot

18). ATHG1-@2 4% 2412 141 AS3 ATPG7-FAAS 2] H
oz oﬂxi olcxgsﬂcﬂl Hla) Z+2: <F 160%2F 120% ©ld =371 A4
z] EX3E 4T 2EdH X 244, T8
T4, WYY 1 )oﬂfﬂ‘: opAy ol w3 Zhz @ <F 300%2F 200% ©]/39]
< FASEL AU olE AT EAAAY =3AA EAH P 2EHx
glsty] 9ste] dAl ATHGL-EAZAS A& 11 A5 ATPG7-Z A3
3 AlFS AEste Ui F2 Fol Azuﬂ, FT olg AT AYEA AFA S

ol o|HIE AFs HT AU o Al A0S AT &4 ¢ AAHAEA %7}

& ogoltt.

.

ATHG1-1 ATPG3-2 ATPG4-3 ATPG7-3

a3 118 Must @ UM SXC] H S LIXH BEHHE M. WT, wild type; ATHG1-1, ATHG-1 HE TS
o) 1t 74|E ATPG3-2, ATPG-3 WZAIFS FIC| 28 HE: ATPG4-3, ATPG-4 HZEFSl ZtC| 3H HE: ATPG7-3,
ATPG-7 Y@ZA™S ZtC| 3 AE. 20184 118 59 2H&
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oh. =3 FAAGA B4 8 7s A3

1) =3 2utts EFo JFAAY A =d A

)
2
2
)

O -?*EP: APAToA =3 2dnts FF3 2xgo] FF9 W v 4
HAA 9] Agrobacterium |7 BAHATE Tt 2~10%2] FAHE &
Zlee FHREA[Y. 53 & ATFEHE FEASA AL A EY =
TEHAA AE-E = 4EA (phosphinothricin; PPT)e] #5& =4 A%
ot =3t FEAGANA ol YEUE escaped] TS HASE
= AT 7IW mige ol AR TZo] o] Fof
FAHAGAE AL &, 24 R /\]74 BRASRS

= o
o

PO N L

ro it r& rlr ud
o

N Lo

: oo N
ofk
N
A
rieh
N

B o P60 ¥o o

__>|'1_',‘

d 09‘.'4
i)

d| o o

ot
2
2
ol
rlr
>,
[y 4
gz, M
il
Jﬂ
L)
P,L
?-8
&
&
jaic]
—_
—_
)

Plant material Leaf explant Agro. culture Agre resuspension |noculation ® 20 min

Washing Plating Shoot regeneratien-PFPT 1% selectonmedium 2™ selection medium 3™ selection mediunm

oA | e
Elongation & Rooting Molecular analysis Phenclype analbsis —?—f—?{l%— %“E.!

a2 119, =3} HEHE Al

400

Agar concentration {g/L)

1% 120. Cefotaximelt agar SEO| M2 J3} ‘Aoko] Mk WA HID. () FEANN 57 HY$ 20| B,
®) YEZOIN 557 MY = YE7OR 87 357 UlYet 2o B
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2"HnE FF A A& A g8 S T3 FEAE A=
o s A7 A
- 712 7 A A=AldA dAHS  duAzREHe| Ax 73dAE 7= AAE 7
Hko 2, A(grobactenwnﬂﬁ N FAAZANA Agrobacterium A8 FAAIR] cefotaxime(Cx)
2 agar FEE Hlwste] Ax 7|@FAF AN 2 FHILEA A=A AN =
&2 51 /\]7]31}} ’\eﬁ TYsAT
- Cx#% agar®] FEE 77 300 mg/L, 400 mg/L, 500 mg/L%} agar 4 g/L, 6 g/L, 8
g/LE x93 A é?ﬂ AE A & il 55, Bl 25 F dUA=HE| W
= AT
-1 A3, B Aol AxdAdo] o] FoF oY, agard] wE7F LdRbA o R A=
8 g/LollA 4 g/LE Yolfo ma}t MxF o] Srhetes AFS HAFAT agard &
=7t 4 g/LolA cefotaxime®] &= #ARIC] A= FAHESH A A= 2
Wk Cx3 agarg 7247t 400 mg/LQ]- 4 g/LE E3 A A HAA G Az=F7F 7+
A JERR (2™ 120, ¥ 17).
- o2 Ho} agar®] FEE 4 g/LE YFi k¢ FEE 7]€9 500 mg/LolA
Agrobacteriums A1 4 = 300-400 mg/Le] Tha e FE5E ARESE Ao] 4Alx
Aol &2 olH, o5 Agrobacterium 7] FAHZ] o] &3 Hu w2 FAHE

o] o

Tee dS 7 dS Aol BdHT

ml

_1\1

# 17. 2 'dokel of HENZRE X XM O|X|= cefotaximelll agare| FE

Agar (g/L) Cefotaxime (mg/L)  Callus formation (%) Shoot formation (%) No. of shoots/explants
4 300 100.0 = 0.0 100.0 + 0.0 7.4 + 0.9
6 300 100.0 + 0.0 88.9 + 11.1 59 £ 22
8 300 100.0 + 0.0 80.0 + 18.3 50+ 19
4 400 100.0 = 0.0 95.6 £ 6.1 88 + 1.7
6 400 100.0 = 0.0 94.4 + 6.4 83 + 0.5
8 400 100.0 + 0.0 833 + 6.4 49 + 14
4 500 100.0 = 0.0 944 + 79 82 + 1.0
6 500 100.0 + 0.0 91.7 = 10.6 8.6 £ 1.8
8 500 100.0 = 0.0 69.4 + 10.6 42+ 15

3 FHAAEA A = Vs AA

o FHIAH FR{AR 55, OREIS ATPGL ATPG6, ATPGJ, ATPGI0, ~1#] 1l
%, MtATPG3 MtATPG4, AHI26Z E33lo] & 8%F2o FAAZS o] &3t
FAATS FIPIAT. FHIAY TV =48 FEASAE A4str] 9
71wl é‘lii—rﬂ QS At wEAX AAAE A8t Agrobacterium Wi

% SR FAHE AFoA Z|EMXZ MS d7<2t HEFY, sucrose 30
6 712wz BA 2.0 mg/L, NAA 05 mg/Lﬂ HA7FE A=A A
g3tk HA MS iR A vl Fst Ml Aol dast AAAE HA s

aQ
~
-
o z
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O PCR #4¢ B3| #24 =%jo] el

AL2oA 2083 HEST F A=AEMA(SIM)l acetosyringone 100 M= H7I3F =%
i A el A 3L XE i Fsli T vl & Al MHHX](SIM)oﬂ PPT 1.5 mg/L, Cx 250
mg/L7F Z7Fe A A(TSM) ol A s et A Az A8 S = st

£ AT"e s%e] faxel Ut AARL FAstgon, 8B KA} 47 9
A 73 YAABAE HFHOE YAAYL, o F FAARAEZY AU =Y L B
& RS w9 fAA 59 2 Bdo] ey LHolA AWstel A%E FEohd
om, f5 Ayl 23, A BY F(EF AP, AAF 53 gL A% BHS A
A, B3 Fastel AW, 954 FF 59 AP 54 BANAD oA 8F
o AATA S AL W0, AYE 5 W8 2Edx AGY B4 AN

o] A& AA AL Ho] BT F, Macherey-Nagel/\]-El Nucleospin Plant II Kit& ©]-&
stel DNAS F=Esiith. A ARl bar 379} A 52 F1AR] ORELS, ATPGY,
ATPG6, ATPG7, ATPGI0, AHL26, MTATPG3, MtATPG4 primer(( 18)& ©| &3t 72}
PCRE AA3I¥ Y. DNA ZZ& 95C oA 5% 59 %7] denaturation 3+ ¥, 95C 30x%
denaturation, 60C 30% annealing, 72C 303 extension 35cycle HHE3 &, HFH o=
72C oA 2%t extension 3tATE FZ¥ DNAE 1% agarose gel= ©]83t 30& &<t
719 F3k UVE g3t

H 18 EMEN ol SHX = EMo| 0|28 PCR primer HE

Gene Primer name Sequence
har bar-F 5-GAA GTC CAG CTG CCA GAA AC-Y¥
bar-R 5-AAG CAC GGT CAA CIT CCG TA-3
ORE15 ORE15-F 5-TGG TTA GAG AAG GTG AAG AAG A-¥
ORE15-R 5-TTA TGA AAA AGG AGC CC ATG AG-¥
ATPCA ATPG4-F 5-TGG TGG ACA GGA CAA GTG AA-¥
ATPG4-R 5-GCT TGA GCC CAA CCA TAA GC¥
ATPGE ATPG6-F 5-ACG GCC ACG ATA TAG ACC AG-¥
ATPG6-R 5-CCA AAC GAA GCT GCC ATA AT-¥
ATPCY ATPG7-F 5-AGT TCT TTG GTG AAA ATG AAG A-¥
ATPG7-R 5-GTC GTC CCG TTG ACC AAT AA-¥
ATPGIO ATPG10-F 5-ACC ACC AGG TTC CAA AAA CA-¥
ATPF10-R 5-GTC CCT CTC TTT CCC CIG TC-3
MATPGS MtATPG3-F 5-CAC CTT TCC ACA CAG CAA GA-¥
MtATPG3-R 5-AAG GCA TCT GAC CGA GAA GA-¥
MIATPCY MtATPG4-F 5-ATC GCC CAT AGC ATT TCA TC-3
MtATPG4-R 5-GAA CAC ATC GTIG TCC GTG TC-¥
AHL26 AHL26-F 5-ACC ATC ATC AGC AAC CAC AA-%¥
AHL26-R 5-AGG ACC CGA ACA CAA CAA AG-¥

2 FAHgA e A T-DNA copy T5 FASH]
98] genomic PCROIA HAA =¢o]l ld FAAAAE UFo=2 hr FHAQ
primer % probeE ©]&3% qPCR HA S FHSAT. BT FAASA=HEH DNAS

FZ3 %, Qiagen’ 2] Rotor-Gene'" Probe PCR Kit¥} Rotor Gene Q< ©]&3}o qPCRE
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AAERAT. =4 AR copy FE VAT A8l bar AR AVIMEE TEx=E
primer ¥ probeE AZSIATHIE 19). DNA FF2 95C A4 38 &<F %7] denaturation
gk ¥ 95C 3% denaturation, 60C 10Z% annealing= 40 cycle BFE3}th qPCRES ©] &3
copyF E412 22T Wb (Livak and Schmittgen, 2001) 0.2 EA3tg1 e 219 4

o
e surE s

# 19. YETSH2| T-DNA copy = E4{0| 0| 8%t qPCR primer U probe Y&

Gene Primer name Sequence

bar-F 5-CTG CAC CAT CGT CAA CCA CTAC ¥

bar bar-R 5-GGT CGT CCG TCC ACT CCT G &
Probe 5 d FAM-CGG TTC CTG CGG CTC GGT AC -BHQ-1 &
185-F 5-ACT GCG GAA GGA TCA TTG TC-3

185 rRNA | 185-R 5-CAG GAG CTT GGT CCT CTC AC-¥
Probe 5 d FAM-CAG ACG ACC CGT GAA CAC GTA AAC -BHQ-1 &

PCR¥} qPCR 24°lM fxz =9io] #ld 5§ MR ATse] 52 e ¢d

4 =
AR5 &Qlstr] #ste] RT-PCRS FH3AT. AP FEAASA Y A& AqAd a0
go] #4g . QiagenAt®] RNeasy Plant Mini KitE ©]&3t9 RNAE FZ3Idth. =
RNAT InvitrogenAt2] SuperScript® First-StrandE ©]-83t <cDNAE #A33Ath ol
% ORE15 ATPG4, ATPG6, ATPGJ, ATPGI10, AHL26, MTATPG3, MtATPG4 +3AAE 7t
Zt =3 A3 AEAY RNASE o= AdvlARl bar 349} reference genef!

o

185 rRNA 842 AL43ke] RT-PCRS a3 ATHE 20). RNA ZEL 95C oA 58 5
¢t %7] denaturation ¥+ ¥, 95C 30% denaturation, 60C 30_73_ annealing, 72C 30%
o #

extensions 30 cycle W53 %, HFHOoz 72CoAA 283 extension 3T FF
o]-&

DNAE 1% agarose gel< st 308 B2 H71Y9Esta UVE 8183 T

M

H 20 @HMEH S SHA wH EM0| 0|88t RT-PCR primer HE

Gene Primer name Sequence
har bar-F 5-GAA GTC CAG CTG CCA GAA ACY
bar-R 5-CAG GAG TGG ACG GAC GAC-3
185 rRNA 185 rRNA-F 5-CCT CCA ATG GAT CCT CGT TA-¥
185 rRNA-R 5-AAA CGG CTA CCA CAT CCA AG-¥
ORE15 ORE15-F 5-CCC TTC TCA TCG CTC TCA TC-3'
ORE15-R 5-CAC CIT GCA AGA GAG GGA AC¥
ATPCA ATPG4-F 5-AAC AAC AAC AAC GAC GAG GA-¥
ATPG4-R 5-CGA TGA CGT CAG TCC CAC TA-¥
ATPGE ATPG6-F 5-ATT ATG GCA GCT TCG TTT GG-3'
ATPG6-R 5-CAG CTG GCA ATT GAA CAG AA-¥
ATPCY ATPG7-F 5-TGT TTA CCT CGC TGG ACC AC-¥
ATPG7-R 5-GCA GIT GIT GTC CCA TCA T-3
ATPGIO ATPG10-F 5-ACC ACC AGG TTC CAA AAA CA-3
ATPG10-R 5-GTC CCT CTC TTT CCC CTG TC-¥
MIATPG3 MtATPG3-F 5,-ACG GTT GTG ACG TTG TTG AA-3 :
MtATPG3-R 5-CAG AAG CAA TCA AAG CAC CA-3
MIATPCA MtATPG4-F 5-GGC CAT GTT AAC GAC GAA CT-¥
MtATPG4-R 5-CGC TGA GAA CTG AAA CAC CA-¥
AHL24 ATPG2-F 5-ACC ATC ATC AGC AAC CAC AA-Y
ATPG2-R 5-TTC TCC ACT TCC TCC ACC AC-3’
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O5ﬁ1ﬁ€ﬂﬂﬂwlﬁﬂﬂﬂﬂ DA B4 BAL 9, 8Be] $uAT =QH

_HJ
2

AsAe B e AH LA At MRS SRS WA AzA}
MAelA HEHoZ waE A= AHAL AH edz $4 AUz
syl AME el 30em7bd FRWFL FEF T, DA =AGhI6h)NH S

—zs}s-m skt 53 Ao ol2de w 24, A 5 AR AAF, B F(AA

= 3>
548 5) 52 2

B o AL

HFo = ﬂ?‘Jo
ﬁl-ﬂ:r&ﬂ

T3} FAASA Azl =3AA EA EAS Hst, 78 H7]9 H3E oF 50cm 2ol
7,%—:4 o] PR 10cmE 95T 2] water batholl 20x3F B7F @A E AAIS 3, A
st Agl slHE 10emE 29 F/RT ©@ AH A
il FHE 40ecm 4ol H3E FFT 30ml7t ¥
o] T THE ol &3t HE TAANFAY. A= 5 14C, % 70%, FE 22
mol-m?s' 3t A 12A17F BF7]) 279 2 WA AZsth FAHSA Al
3t AEE AASH] H8l £ WA AZE H3E F 270 7Y HFH o=
o] £747](SPAD-502, Minolta)E At-&3t H54 FHFS SAHSIAT 935
Aslo| A 349 & AEste] Qo FHS FACE F, ¢ d4 FES

ﬂﬂ

_ﬁl

.

>

o

)

-

i)

Lot

i gl

af

rl
oy

>

e

a= AN

TS o3t FARATA Y 2EH 2 A —Er* < 9%k, H,O, A 2lE 3t st ~Ed
2o WE WS ZARIATH 7Y FAASTA ] 4HI] HAE 3-58WA AE AH [
AHS & d F, 12 well dish(SPL)°l 3mM MESE o] 50mM H,0,E ¥ &9 3ml
Ae &5 3 o Zehd S &Y S4H3] FYIEE Sk 69 St 39 A=
FE4& o] FAH7IE AHESI FE4 FFS SAHEA

O% 121. ORET5 SHEX7L = E HEHEE m3ol MY
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@ ORE15-3H AR =3}

O OREI5 SY A F3ke] Ak AFEHS OREISE =49 =3 JHASAE
g13l7] 95kl 1389 AA 1,330719 HAAE A3 FAA % AN EH oM, 359
AR AIAAHS AX AEE A=A PPT7F 2FE wiA AN FAH oz 24z dol
o] Folxl 2571 AlFE AAFSIATHIE 121, & 21).

H 21. ORF15 SHX £¢ HETE 51 MA

Shoot No. of shoots

Target NO: of No. of regeneration (subcultured on selection medium) Las

gene  experiments  explants %) 1st ond 3rd bar OREIS
1 99 97.0 198 20 2 2 2
2 100 67.0 136 5 0 -
3 104 57.7 184 39 2 2 2
4 77 66.2 97 18 1 1 1
5 94 71.3 109 11 3 3 3
6 100 92.0 130 5 2 2 0

OREIS5 7 104 79.8 120 6 0
8 98 41.8 40 6 3 3 3
9 126 94.4 119 10 3 3 3
10 120 81.7 109 24 2 2 2
11 100 72.0 83 5 1 1 1
12 100 75.0 48 8 3 3 1
13 108 41.7 88 17 3 3 1

Total 1,330 72.1 1,461 174 25 25 19

O ORE15 F3AE =% FAAS I3 F34 = ¢ 2 ZFd 4. Ax=A PPT7}
23 wjA A AR wE FAHIA 2545S HF2E genomic-PCRS F3}
59 ABRE 3Qlste] OREISS bar §A A band7t &5 YERY

o] par®} ORE15 7 A+ g
19702 FHA AL ARSI HITE 122). oM FAA =do] FHAH 194159
qPCR #HA S T3t 1970 FEAS AT F 370 oY copy FF 7HAL A& Zioi
HAXE 5Al5S A UmA 1470 FEAE Al SolA T-DNA copy’t 271 ©]st=

H BoeE AR 123). =3, ORELS +AAS} bar FAAS] H@d AHE FQlstr
st FAAEA 19415 RT-PCRES A=, OREIS 7= U AleS AL&
1871 AlEolA 3ol Yel oy par RS 37 AlTE AT 154504 HHE S
AT F AR (TE 124).

-

s
a
1%

dop oot N o

Genomic PCR

M PWT1 2 3 4 5 67 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 15
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3% 122. ORET5 |7 =YUE JETE 32| |V =Y &l Genomic-PCR analysis for ORET5 gene;
WT, Wild type; 1-25, transgenic plants

B Calbrawr(CFC1 copy)
W ANCleopy

¢ [ Pessminines:ORELS (1-2copy] |
[ Peasniain :ORELS(mmlti copy)

Copy number
=

, ’* ol 3 ==

1 copy ANC 8 9 11 12 13 14 15 s 17 18 19 20

Transgenic lines

33 123. ORETS ST = HETXE ool =Y [TX copy + 4. qPCR analysis for ORET5 gene; 1
copy & ANC, 1 copy transgenic plants used as calculator; 1-25, transgenic plants

RT-PCR

WT1 2 3 4 56 7 8% 111213141516 1718 1220

- A

185 rRNA

O3 124. ORET5 U7 =Y E
type; 1-20, transgenic plants

O3 125. ORE15 £ 23t ‘AMop HEMEN Q| 2AMXYHOA LIEIt EHEEY EX
O OREI5 =% ¥AAS F3o] 7% £4): PCR¥} RT-PCRE 53 FAx =¢) 2 &
Fo] Q¥ OREI5 FAA =9 =3 37] F2AS AES oz L2 EA R

- 122 -



< AAE] 98 JistE T F 53 E AAS AAST DR 371 AR A
< Auist] JistE FEI F 2, AT AT, 4 5 AAE 2§48+ 59
A B s EAS AT 282 oM ETH Had W tda FUekAY Fadte
B BHo FAZA fFolde] JARGHA Askth AATH A g 44 AT oA
Hl3l 2+t 26.7%<F 144%7F Zh2F SU1eE A= ura}ﬁq, T3 2O £ 4 A Eo A
solut=d, A83te A9 Aol7t glle *Pﬁ}% 4%7F S7FeFATH 1™ 125, 126)

o]|2 Ro} OREI5 GAAE= °H717a,ﬂ1°1v1
7} ok AaEw, 48 A5e TAFA

gy o
of
O

H OIN
of

A
9wl o] FHNE ARY FU B
2oz §4 7sAol oy BHEL

(a) 140.0 (B) 0.0
1200 600 il
E 1000 |-qgug----{-Ff-------mm-mmmzzm- = s00 e
= 800 = = w0 [T B i
B g0 = 300
2 z
-5 400 o 00
£ 20 Z 1w
= o [ |
wT 4 11 17 wT 4 1 17
Transgenic lines Transgenic lines
) 120.0 ) 2500 |_\n ofmy florets =8 No. of tubalar florets
, 1000 o 20040
=~ = e E b ittt bk bbbl e B
E Lot 7 = 1500 IELE Rt e
g jz': E_iuu.u """"""""
2 0 K
% 100 “ 500
0.0 ! 0.0
WT 4 11 17
Transgenic lines l"rnnsgcnt-: lmes
33 126. ORET5 = I3t Aop AN M A JatEd FHE. A =H, B) 4HZF, © € = D =Y
FMBE St BABE B
O OREI5 =Q0% 3EAEA Y A Ay BN F+HAY 1A ORELS =9 FAAS
AEY Aol =3lAA E4S AR el 24ANA AstE fF= § H3E AAFAS
of 2 Wmel AFHUN GSh B WSS BAHAL. AH 4G 177 oFRE g

4 o] Aak Zasty] AlAston, 27l = ob Y Y] JE4 kel 67.0% A
gtk HhE 4 AES 242% 2 A 2 2AEAT, 1A 179 AES 7HzE 283%
o} 37.6% 4t Aoz YEGTHIH 127). ORELS #AAV =49 =3 A4S AF
NAE R FERT dF47E 8 FAEE Z2oE Hol OREIS AT =3 AA(571d
) B3 v AZEY, 490 AELS F3 2dUTE FFQ AupoA uj$ a3 F
d2 FZ Ay A AFFog Y steAol o Fod
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(A) (B)

SPAD value

=11 =e—]7

wT 4 11 17 0 i 14

28 127. ORETs Y 33 MOk WUVl Wt Y2 HY. () Wskel ENY, B) WS 2| SPAD value

I

O OREI5 =4S PR I3k 2EH 2 AP 4 OREDS F34 =Yo] &ld 3
AASA 3A5S WFoRE 4s ~E# e tid AFAHE ZAEHY] 918k 3mM MES
Sl 50mM HO 8 H7bete sl Add § 3 o= 6 T d5E o] 4
7158 AREStY dE4 FEFS SAHSIAH. oI FAASAA BT 3LANE A5 T
Fo] adtes ZAo® UE oy oYY JR4 T AaFo] ¥ Foh 6dAtele
ZT9 Q24 FFo] %] thH] RN%olA AP oY, FAASA AT BF =4
el =71 vl 40%°1d Ao ® A FAHE ASE UERTH(IIE 128). °o|2 B
ol ORE15 A+ =3 ‘Avy FAAZA oA A2 Ed 2o gk AP & B

@ B) - 1400
S ——WT —8—0
< 1200 :
z o—11 —d=—I3
;5 100.0
g s00
5
= 600
S
v 400
-
E 200
et
w 0.0
0 3 6
H,0, treatment (Days) H,0, treatment (Days)

MA

a2 128. ORE15 = ¢ a‘§|' 'ﬂﬂl" '@gﬁg}xﬂgl +_|-§|. ﬁEE‘llﬁ x_l-og.g 2N A 33163&1 %xoll ®) g%_/}_ sta

—_

s}

ATPG4-BH A& =3}

O ATPG FRAAE =98 3248 I3k Wik Agrobacterium i 7] FEHSS 53 ATPGL
3|

A2 =9 AR AEAS YAEGUTH Y 129). 1530 A FAAH A7
o] Ax7t AME O, 2xF Al o A 3797, 18] 3xF AuFEj Aol Al HAA o &
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i o] o] Foizl 24A1F ] FHEAE AEAE LSt ATHE 22).

a8 129. ATPG4 SF X7 =9

rn

YUY Islo| My

H 22. ATPG4 SHXA = AZFHE I3 it

No. of shoots

Target N0: of No. of reg:;l:r(;ion (subcultured on selection medium) PCR
gene  experiments  explants %) - A - . P
1 100 88.0 166 66 1 1 1
2 98 83.7 129 5 2 2 2
3 109 89.9 216 96 3 2 2
4 122 69.7 179 3 3 3 2
5 100 87.0 107 6 3 3 3
6 121 73.5 140 29 0 - -
7 103 64.1 40 10 1 1 1
ATPG4 8 90 42.2 67 14 3 3 2
9 90 333 54 5 0 - -
10 100 82.0 82 6 0 - -
11 108 70.0 72 8 1 1 1
12 109 76.3 113 17 2 2 2
13 110 72.7 120 58 3 1 1
14 100 57.0 97 5 1 1 1
15 120 68.3 142 51 2 2 2
Total 1,580 70.5 1,724 379 24 22 19
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o] A BRE Tl Aow gy 1974]50 A *5‘}931@( 1% 130). PCRES
A =S AT ATPL-BEAAE 3 194152 gz F3x9 =9 copy FE
qHRE oW%Qﬂ%%ﬁh%@ﬁ AEZe] e ztolE BAFAoH, o] JhEd 2
d 15415 AL ATHTE 131). =3 =3 FEAHSA A =
S FAstuA 1945 S Y SE RT-PCR A S350 =
do] eI ATPGE FAAE 7A54 Edo] Yehgon F
MY FAA7F B =48 A2 7IE AFHATH(IE 132).

Genomic PCR

MPWIri1 2 3 6 7 8 2 1011012131415 1617 18 19 20 21 22 23 24

i L e el e e gl g

a3 130. A7PG4 S HX7L EYE HEME Igte] X =Y =l Genomic-PCR analysis for ATPG4 gene;
WT, Wild type; 1-24, transgenic plants

. Calibrator{CFC1 copy)
B ANClcopy

6 [0 Pespns:ATPGH0-2copy)
[0 Peopy: A TPGYimulticopy)

Cﬂpy number

o B _ [ e m FIW ’{_‘ FIT H m m_r:_r‘] rIw_.—l_rIT
1 copy ANC 1 2 6 T 8 12 15 22

T1 ansgenic lmes

3% 131. ATPG4 STX7L =Y FEME 310 = |TX copy = M. gPCR analysis for ATPG4 gene; 1
copy & ANC, 1 copy transgenic plants used as calculator; 1-24, transgenic plants

RT-PCR

Wrl 2 3 7 8 10111213 14151617 18 1% 20 22 2324

ATPGH

bar

185 riRvA
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38 132. A7TPG4 |HX7L R FEXE I3ke| KX EH &Ql. RT-PCR analysis for ATPG4 gene; WT, Wild
type; 1-24, transgenic plants

a3 133. A7TPG4 =Y =3} MOp FEMEH S| 240 LEE BHEY £F
“) 140.0 ®) 80.0
. 1200 70.0 A
8 w0 (g TTTIITTR & %00
\: $0.0 = 500 F-obo - R S e B s il b
a oo 40.0
2 60.0 ‘T
T g 300
T 400 = 200
= = 20.
= 200 ¢ 100
B 00 0.0
WI 7 1 12 19 WT 7 11 12 19
Transgenic lines Transgenic lines
(© 140.0 @) A0ho
350.0
120.0
- S ] : ¢ 300.0
SO B T = e R A B 2 250.0
£ s00 g
é i = 2000
& @0 © 1500
2 40.0 2 100.0
20.0 50.0
0.0 0.0
WT 7 11 12 19 WT
Transgenic lines T1 ansgenic lmes
a3 134. ATPG4 =Y =3t MOF FETENL| T U JHSEE FH. (A) =, B) 4HS, © &€ . (D) £
T(EYE o Y3 F)
O ATPGY =A% PAAE 39| 7% £4: PCRI RT-PCR #4202 {FHA4 =9

o,
o
L Nt

Tdo] #AlE ATPGY BARAY =3 vl AlTe RN F 2AHA Anjste
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EASAT 244 Auid ATPGZ A8 A=A 44T F 37 AT o F
7ol oA F AolE HolA Skth(1¥ 133). 1 oA el HIs) dF FA
A AFS AATH Aol dAA 433e] 71 stAed, AT 7H AT 24.6%
Z7kstod, A = 11H ASA 199% ottt Aastel B43ke] o glojA 7
H AL 42.0%9F 29.4%7F 242 S7FSEATHLE 134). ATPGE FR2RS =3tol| A A5
9 dgsiel 53t F7F 20%01d SV ASS FERE £ dYY oz HES u,
ATPG4 7= Astg I3olA Fas Fdd w31 ZAd =71 71 5 =31 4l
FZ Mol 28 F AS AR FHEHL

ATPH T3 FAASAY A A BA: ATPGL FAA7 =4H FAASA 44
T3 oY AEAE 24-AANA Auiste stE fFES & HIE AFHs 2 WA

AgstHA 2dY d=a FF HIE AR A3, oM AR 15 F A5a &
F ALR7E A @#key AR 25 F A5 S AL g4 vy

61%7F Aastth. Whdel] FA[RA 4A 2 BF op Pl wis) dF4 I
dAA AA detson, 53 113 198 AFAAE 454 FEFol 273 20% HwE
O &% ZrASATHIY 135). o2 Kol ATPGE £ =3} FAHTA 119 AlS2
BAG Aot vl n 95 S HYorng 3 AFF NS A% ¢F A

E
o
B ARE 7R SEsttal R o)of o] ATPGY #3A7F =dd =3l &

o> H

50.0
40.0
30.0
20.0

SPAD value

10.0
0.0

e 1 O

0 1 2
Storage period (Weeks)

a3 135. ATPG4 =Y =3t 'dop FETEN| "3t M2 HH. (A) Bt #Y, B) B2 22| SPAD value

HO, A2 & @540 e Azte] A3l wet oS ATPGE F34 =% 84

23t AFE BAFJouy FAASA 79 ofAFo vl dE54x Ui
7F A 39 ¥ 402%, HE 6¥ F 64.6%= A JEFSGTHIE 136). | Ho} ATPGY
Y] BAL Foto A 2Ed 2 AFFS F7HAIT L AdETT
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A

— T g7
—f 13

100.0

H,0, treatment (Days)

=

3
H,0, treatment (Days)

=]

-
MY
M

a8 136. ATPG4 =8 =3t HOp FEMEHQ| M3t AEHA MPY M. (A) BAYH £F, B) 5L Y
tH 35}

© ATPG6-BAAZ =3}

O ATPG6 + =% AAY I3l Ak ATPGs FAAE olgste =3t ‘Alw) e
Agrobacterium ") 7l B AHES AABIAT. ATPGs F3AHE =438 ‘?46]’ =3} A
AE S 133]00] ZA AAT A 1,38070 9] AHAANA AYE thre] Az 7hd Al 2A
PPT7} 238 13} Adhuf | o) 4] 78470 8] Az HEHA oW, 22} A HHXMW 2997, 3
2k A Ao A dH o= dhto] o] Fojxl 144159 FAZAS AEAE AASFATH
g 137, & 23).

PN

™ 137. ATPG6 X7t =UE HETME 5o M
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E 23. ATPG6 9T =Y HETME I3lo] Mit

No. of shoots

Target NO: of No.of g:r? eorztti on __(subcultured on selection medium) PCR
gene  experiments  explants %) . - - - -

1 97 59.8 53 9 0
2 108 74.1 80 37 4 3 3
3 100 75.0 70 33 19 1 1
4 144 64.6 34 19 19 1 1
5 123 65.0 71 34 11 1 1

ATPGS 6 110 67.3 57 10 7
7 115 59.1 21 6 3
8 141 72.3 73 24 2 1 1
9 115 89.6 71 55 1 1 1
10 112 59.8 27 5 1
11 99 86.9 83 17 4 1 1
12 116 83.6 144 50 12 5 5

Total 1,380 71.4 784 299 83 14 14
Genomic PCR

MPWT 1 2 3 4 5 6 7 8 9 10 11 12 13 14

bar

a8 138. A7PG6 S TX7F =E EEME 3o |FHX =Y &l Genomic-PCR analysis for ATPG6 gene;
WT, Wild type; 1-14, transgenic plants

Calibratwor(CFC1 copy)
ANC1 copy

Py A TPGE(-2 copy)
Pp: 1 ATPG (i copy)

O0mm

Copy vumber

2 *‘— e
leoprANC 1 2 3 4 5 6 7 8 8§ 10 11 12 13 14

Transgenic lines

38 139. ATPG6 RTX7L = FEME 310 £ |TX copy = M. gPCR analysis for ATPG6 gene; 1
copy & ANC, 1 copy transgenic plants used as calculator; 1-14, transgenic plants

O ATPG6 SY% 3RS I3 fAA =Y I R 2 E4: ATPGs = =3 34
FAge Tl AdE 1UAITE AR ATPGs FAAS} bar A9 genomic-PCRE A
AlstAtt 14741% TR} ATPGE 327 BE ATlA band7} &Sl o], F
Aol FAA BE =98 Aoz " 1445 S ALSATH (Y 138). oloiA ATPGs-

FAAS 3} 14AEL AR qPCRE A A3t 2 copy ©l3He] T-DNA7} A4H 107
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& AT 139). =3 =3} FAARA A =AF ATPGe A} bar F314H9)
HE AR5 Qe RT-PCRE —’Fﬁﬁé};’i—t«tﬂ, bar= 9AIENA o] YERta
ATPG6 A= 8A1 5ol A Tddo] yehds SQletiAth (1 140)

RT - PCR

WwWTril 2 3 4 5 6 7 B % 10 11 12 1314

bar

ATPGE

185 rRNA

a3 140. ATPG6 WXL =Y E dETE J3ke| KX wel =HQl RT-PCR analysis for ATPG6 gene; WT, Wild

O ATPGH ZA% FAAE F319 7% B4 PCRY RT-PCR 4 & 53l ATPGs
Az} har AR £ 2 BFo] #d ATPGEIEAAAZ AL FIAA L4404
Arjste] AR D AFEAHS B3R T. 2AoA Al ATPGEE AR =3 AFe
oo w3 =4, AAFT, A F ToA B AY A AxEA JElon, 543
T UREY] FHHSAANA R ol vlE] BUTHIY 141, IH 142). °o]F Ho}

ATPGo-F R A= o713t o] Axtets g2A, gkl ds AR 9 Aol o] a7} ¢l

= Zez FAdsiAch

—

18 141, ATPGE £ 23} MOp HEHBH | SAKUOIM L BHEN EX
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) 1460 {H) 6t
.. 1288
g wes I ~“*~‘§:§f,‘r~""’""‘:.z’.-@.r\:~---"'-E'-'-?wl'-w @
E 505 i ’ i &
£ oae ; &
£ i |
< 4 i £
£ s i %
= (%] H H l e P : H E
WY i > 3 wE t 3 3
Transgenic Hnes Transgenic lines
4.0
) 1298 (D) 3 £ Wo oftey florels B8 Mo of tibsr Boreis |
1898 i Tl
# NS, < - S s (B w
= g0 i ERT . J
= | R
& 484 i S rung o
P | e
% e | Z 500
90 : ' i i
WY 1 2 3 1 3 3
Transgenic lines Transgenic lines

a8 142. ATPG6 = I3 ‘MOF FEHEN O 4 A JSEE dHE. A =H, B) 4HF, O € + D) %%

T(EYS o S43 F)

O ATPG Q% FAAWA A3 Me) B FUA S04 ATPGs B9 3RS A
o AR EAS AR flsl 24doA Jistd FAASA S dEE AFH st A}
Sre BAY A7, 4540 §He AR 277 AWHOD Pasts 4TS HoFUS
W, FARSAS} oY FFL Ao A9 Aol7E UEUA SUTHIH 143). o=
Hol ATPGe +3A= =3ke] A3t 9 94 137l gle A= dddn

) ® .,
50.0
E
; 40.0
=3
a 30.0
& 200
10.0
0.0

WT 1 2 3

Storage period (weeks)

a3 143. ATPG6 = =3} Mof HRTEH | Hal M2 HH. (A) H3fel #9Y, B) 23t 22| SPAD value

TRGE $73A48 =48 9248 23te] 2Ed2 AP B 994 $34 ATPGE =9l
solyl PAAH ASS UFOR A8t 2Ed 2o g AL 2AEEY] S5 3mM
Q
[e)

[e]
MES &90] 50mM H,0,& A7}sle] 9l Ava & 3 (Ao 69 B A24 1ho]

S

O

tot
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Astol| A 253 AL Az

o

N

oy
o

TR

ojZ2 H
Hola glor}

olz Ho} ZalollA ATPGE A

g ATES 56.4-61.3% FAE HAUTH

%

Rl
of gho} oy gl H

[¢]

7] th¥] 87.9%7F 7HAsk L,

=

ZF

il Thasol

3|

).

Ho

oy

e ] 3

e

—eWT g3

e @ =2 & =2 @ = =
s =
§ S 8 &8 8 8 8§ °
e ]

(0p) symaW0d D IANERY

®)

@)

(Days)

H,0, treatment

H,0, treatment (Days)

7 144. ATPG6 =

s}

b =ste| MY

EiE

43

el

a8l 145. ATPG7 SEXI7 EYUE
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© ATPG7-3Z A% =3}

%

O ATPG7 =4E AAG I Ak ATPG7 FAAE ol &8k =3k Alnk e
Agrobacterium ™) 7 FAAZT-E AASAT ATPGT FAAE =Y s 53t FHH3
A3S 1339 A AAT A 1,45970 2] AHA F 12} AdujA]of 1,561701¢] 21271 A
Exon, 22k Al Ao A 2337, 32k AR A= 264159 A EAE Al 2A PPT
7 23w ol A HdH o7 AL ATHIIE 145, F 24).

H 24. ATPG7 QWX = HEHTE 30| Mot

Shoot No. of shoots

Target NO: of No. of regeneration (subcultured on selection medium) PCR
gene  experiments  explants %) - nd 3rd bar ATPG7
1 100 96.6 201 4 2 2 1
2 100 79.0 100 3 2 2 1
3 104 85.6 195 55 3 3 3
4 100 85.5 121 4 2 2 2
5 106 60.4 71 1 0 -
6 101 455 83 3 1 1 1
ATPG7 7 102 78.4 91 12 1 1 1
8 100 66.0 128 8 3 3 3
9 104 63.0 74 6 0
10 108 81.4 204 88 3 3 2
11 222 49.1 82 4 2 2 2
12 104 83.2 111 39 3 3 3
13 108 73.1 100 6 4 4 4
Total 1,459 78.8 1,561 233 26 26 23

O ATPG7 fAAE 9% 3248 339 44 =9 81 2 &8 E4: ATPG7 =9 =3 34
Ags Tl AdE 2645 WASE ATPGT AR} bar A9 genomic-PCR< A
ANt 26A1%F T bar FAA= BE ABA band7t UEFSOY ATPGT 3 A= 23
Al olA band7t ERlE o], F /MY FAATE BF =49 ZAeE Fld 234 5& Adet
RTHLE 146). oloiX ATPG/-E AR =3} 21A15S WHSE qPCRE AASHY 2
copy ©l3te] T-DNAZ} A€ 154l 5 ALStATHH 147). =3 =3} FAHSA o =

U ATPGT +2AA} bar 2] Hd AHE gelstaa RT-PCRE T3 =H, &
ARAGA 21A1 5NN BT bardt ATPG7 379 HAE FT &+ AATHLE 148).

Genomic PCR

MPWTL 23 4 5 6 7 8 92101112 13141516171819320212223242829
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O3 146. ATPG7 QEXI7}F EUE HEMe 2lo] M =Y #HQl. Genomic-PCR analysis for ATPG7 gene;
WT, Wild type; 1-24, transgenic plants

Copy number

ﬂ Tﬂrﬁﬁ

10 11 13 4 6 17 18 19 2

SFTTIPon 1 PN

1 ANC 1 2 3 4 5 §
copy

Transgenic lines

O3 147. ATPG7 X7 =UE E-HXE I3 £ FHA copy = =M. gPCR analysis for ATPG7 gene; ; 1
copy & ANC, 1 copy transgenic plants used as calculator; 1-12, transgenic plants

RT-PCE

WIrl 2 34 5 6 8 91011131415161718 192021 2324 28 29
bar

ATPGT

185 rRNA

3% 148. ATPG7 |HX7L RUE FEXE I3k KX EH &Ql. RT-PCR analysis for ATPG7 gene; WT, Wild

= o= =

type; 1-24, transgenic plants

a7 149. ATPG7 £ 23} ‘Alop HEMEH Q| MR LA LIEIH BHEN EX
O ATPGY =% FEAE 239 75 £4: PCR¥ RT-PCR 48 53] ATPGT
AAS} par FAAY =9 @ g o] H

ATPGZE A% =3} 4741519, 29, 34, 8
KX

3}o)
)& BAAA Lol At A AL BASAT LA AT ATPCAE
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Ag 11 AFolXs AASTH o frOﬂH R ol uls) Z+zt 16.1%, 12.7% F71st9oH,
U Alee oREH FAAS AFTe Aot JdAHA fsdtt. dees 1M AT
14.5% S7FstAal ym A %@@%xﬂ{— oA ol nsle] 6.8-109% HAsIATH s &
© oF®EN FAAY AT A7l AAHA &FRoey, T3 = e ATAA
36.5-87.7% = S7FSFATHLH 149, 1H 150).

@ 140.0 ®) 80.0
. 1200 ~ 5
g 1000 & 600
= 800 ) )
= ‘T 400
= 60.0 :
o
s 10.0 2 200
& 200 o
B g0 0.0
WT 1 2 3 3 WwT 1 2 3 8
Transgenic lines Transgenic lines
(©) 120.0 @
- 300.0
100.0
@ - s T 2 250.0
5 = E 200.0
- 600 = 1500 | ___ e e ..
© s
S 400 - 100.0 -FEHR
Z =]
20.0 2 50.0
0.0

WT 1 2 3 8
Transgenic lines

WI 1 2 3 8
Transgenic lines

2 150. A7TPG7 =Y I3t ‘MO JFETENC EF A MHASE HE. A =F, B) 4HF, O ¥ + D 2Y
=]

O ARG =98 FAABAL WS ME B FUAY FAA BY ATPG FAAE
NS 9% 542 AR A LAAH AME ATPG7 £ F5 AR
Astst 2

o o 22 TP E7] 0em HEL Dot TR ANW AFB) Asie)
Sof 13 HA0R WS S AR Y WAE BRAAT. AT

o]
H AHslE 25 12C, % 70%, F= 22 umol'mZs oAl 12A17F BF7) =79 & yA
el AstAoh A EA %ﬂ_ﬁ}«l o =3t AxE AAskr] S8 2 WA A%d
H3ls F 370 4dFY HF R 54 FHo] FA7|(SPAD-502, Minolta)E AH&-3t] ¢
4 FFS AT 34 A= SHFVE AAN AFBAATEH 37 dS HHs
of o Fuls FACE GHe] XFHA FE=F F, ¢ FES AT d3 AR 1
FAp o] & RE] FE4 o] Hasty] ARSI 2FAFE dE2TE 61.7% FAaT W
H, 18 AT 167% 2425 0a, UHA Als A ZF 218-394% %2 FEAAS AT tix
TERG 5471 o8 FAETE AS ST F AAR (T 151). o= Hol ATPGT
A= =3 FARASAANA =7 A% 545 A, 1H AsS =57 9% a3 9
AsHA Hojuka gato] op gl W] tha fFidlr] Wil Asp o] dFd AF



(A) B) oo
60.0
& 500
g 0.0
a 30.0
Y
A 200
g T e |
100 ||=8=2 —o=3
e
0.0

0 1 2
Storage period (weeks)

WT 1 2 3 8

a3 151. ATPG7 =9 ==t AOp RPN Het H2l HE. (A) ZE=te| 5HE, B) B2t 22| SPAD value

O ATPGZ =A% FAAS I3 7|5 B ATPGT FAA =] F0H FAAFA
AIES oz 45t 2Eg 2o s
50mM H,O,5 #7138t Q& A3t

A 3] 29W AlFellA
= 432% #aste] x7] iRl 56.8%° F=4TF Hol AATHTE 152). ek FZo| ATPGT
FAAE =UE =3 FEMAEA = ool HlE w2 ASAEHE AJAHS Ellvs=
e A A
(4) B)  _ 1400

§ 1200 e e

g 100.0

S 800

L=

=2 600

@]

g 400

= 200

L

R o0

a8 152 A7PG7 £ =} ‘MOb FETEHQ| Mot AEHA MIY BN (A) BHIY £F, B) €54 Y
=3t
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® ATPG10-BZ A3 =3}

O ATPGIO ZQA% ARG F3o] Ak ATPGI0 FAA = FAAE &84 AYaks
st 133 ZA 1,59%71¢ AHAE o= FAAS AFS AASAT. A=A
PPT7} E3+d 12k AR o Al 787A1 59 A&7} AABE A, 22 Ada) =] ol A 1407,
a8 3 iR oA AlFpo] who] AAH o R o]FoX 19415 FEAS AEAE
AAFSEATHIE 153, 3E 25).

a7 153. ATPG70 A7 EUE FEME 3ol M

E 25. ATPG10 SHX = HETE I3lo] Mot

No. of shoots

Target NO: of No. of . g:ile?r(:ti on __(subcultured on selection medium) PCR
gene  experiments  explants %) . ol - -~ —
1 222 67.1 81 1 1 1 1
2 150 36.7 82 20 3 1 1
3 104 51.9 29 1 1 1 1
4 171 92.9 111 4 1 1 1
5 108 46.3 8 2 1 1 1
6 99 46.5 21 4 2 2 2
ATPGI10 7 108 63.9 64 2 2
8 108 74.1 49 2 2 1 1
9 114 86.8 104 31 2
10 99 78.8 10 3 1
11 106 17.9 14 5 0
12 104 61.5 92 36 2
13 103 77.7 122 29 1
Total 1,596 61.7 787 140 19 8 8
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O ATFCIO0 =9 YR I A4 =Y 9 3 U B _/F@%L F24

U}ﬂvﬂ?ﬂ' bar &%) AFE —.OJ‘SV] 23k genormc—PCR# /*‘/\]3]-04, = 7H3] S A7}
BEF =E Aow #eld 8ATS AT E}(la 154) PCR% T4 =de &

"

st A AT vgd AolE @@MJ_ 2 copy ©°l3}9] T-DNA7} A
7TAEE AEstATHIE 155). =3 =3 FAASA A =JH ATPGI0 79 T3
15t 1A 8A15S tF S E RT-PCR AFS FdA=, bar FHAS} ATPGIO 3
7t B 8AIF A o] YEFHTHIIE 156).

Genomic PCR

MPWT1 2 3 4 5 6 8 8

bar

ATPGI0

a3 154. ATPG10 QUX7F = HEFHE Islo| QHEA = 29l Genomic-PCR analysis for ATPGT0 gene;
WT, Wild type; 1-9, transgenic plants

[l Calibrator(CFC1 copy)
2 Bl ANClcopy
¥ [0 Pes::ATPGIO1-2 copy)
[0 Prses::ATPGI Gmulti copy)
=
- 4
&
c =
o 2
o M ml ﬁ 16 ﬁ " i

1 copy ANC 8
Tiausgemc llnes

e

3% 155. ATPG10 X7} =UE FEHE 3312 =Y FHXF copy = 4. gPCR analysis for ATPG10 gene;
1 copy & ANC, 1 copy transgenic plants used as calculator; 1-9, transgenic plants

bar

ATPGIO

I8SrRNA

% 156. ATPG10 RTXI7t =UE HAHME I3e| GHXAL Lol =Ql RT-PCR analysis for ATPG70 gene; WT,
Wild type; 1-9, transgenic plants

I
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oy
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o,
filo
BN
>
glg
o B
N rE S

P
lo
b o

L
T o
;SL
o
_EL

AL 11.0%= 7+ al%}okoiv} Aqd T
Hls) 1 19% S7retAth AT RE A ATAAA A
W, 53] 293 59 AFolA ok P ol nlsl 27.2%%} 243% = - A 78
Ak E=Z, 2 ol oM E At = 7o Aelrt umour 43t mE 34
Ak AlsAA ST olFolxen, 2 ﬁl%oﬂﬁt A3 FE 17.0%, 543 e
30.7% Z7FstAth(2¥ 157, 2198 158). ©|& X.o} ATPGIO v?HXP o717 eholl A Vb
A S FARSH T3 e 8ZE SAS Fodita ddEm, ATPGI0 84
AgA 59 AT AR AFZTOE T JHA7E vl F AT ol A Eh

of
=2

o

2 2o
o
)
o>
oflt
9o

o
2

_‘

ol
I

A3 157. ATPG10 =Y I3t Aop FEHPEH| 24N LEHY 2HEH £F

O ATPGI0 FRAAE =4S FAAEA 9 43} A 4 +HA F3A2 ATPGI0 =% F2A

g A% B4 B A s 22dA Auste AEE =3 F d3E A

el A4S MEo] 2 WA AFgEEA IS =2 FF wsts B

opYE e At AA 257kA @& FFol G4 1

2471 Igtoy, FEAAS AR SHAE 5 AE BT 1F T d=24 Freko] A9
T

H
oA EAY 2T AT d%lem AR 25 Folx 20% 0T ATt o

o
B
2&
2
=

o]z A
3} 7] tiv] 80%°1de] HEAVE FAHJTHLE 159). ©ol&F o] ATPGIO F3A = =
ol A =7] A7 Sl dER 238 Uehde FAdsa, 7] 9% a9t 24 |
B FAME AT 5 A3 £ dF AFFOE NED A= bl W =2

ATl ddE
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=]

Fresh »
[
= =
= =}

WT 1 2 E 4 5 Wi i 2 3 4 5
Transgenic lines Transgenic lines
0 (D) 300.0
" | [ We. ofmy florets  BE Ne. of mubuler farets
o [
¥
) :
o L=
S
o e
3
o #
0
wI 4 I 3 ] 5 WT I 2 3 1 5
Transgenic lincs Transgenic Hues

O3 158. ATPG70 = S3t Mop HEMEHH ] WM& U JstEE HHE. (A) =F, B) 4HZF, © ¥ =+ D) =
F(EMS 9 EME $)

O ATPGIO =A% 2R I3k 22 AYAY EY: ATPGIO %ﬂx} E<do] &=
FHAHAEA 4A5S G = 4 1
Ao 50mM H O, #H7bste] & dAad & 39 7H4
A A3, HO, Aol wet o Ea F4d =
FoAHT 6d F AT 7] vl 99.1%9 FEA AU} o]FojFoH,
g AT 60% ol 9454 AV UEhRT ATPGI0 FAXEA 58 AT
65.3%2 PEA A7} o]FoA oRAF M GEA TAIF 33.9% FA o] FARTH
160). o1& Mo} ATHGIO +3#= =8kol oA 43t 2Ed = AJAHE S7HE -
tha sheE T
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A) (B)

140.0

120.0

100.0
80.0
60.0
40.0

Relative Chl contents (%0)
:é.l
[—]

=
=

H,0, treatment (Days)

0x
AL
1%
=
Hl
ret
o2t
il
Jim
o
=
1454
Ju
B>
o
oM

a3 160. A7TPG70 = =3} ‘Mop HEHESHS| M3t AEYHA MY
HS|

® MATPG3-3 A AE =3}

O MtATPG3 =03 FFAF I3 Ak Medicago truncatula®l  AT-hook
DNA-binding protein 35 ¥&33st= MIATPG3 A4 =9 XS A EAE Aitsta
2 FEAAE Ade FHSAT 11380 2 AAT FEHE dFe A=, 1,210
Mol dHAzRE T8 AxA PPT7F 298 12 AR oA 7827415 ¢ Al=7F A
Hodow, 224 Aduj |l A 2537], T1ejal 3afF AEEj A AEF AlTT AYHoE A
3 o] o] ol 11A1FY AR H=AE AatstAtH(1™ 161, & 26).
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H 26. MIATPG3 QEXI £Q HETME 231o| AMAt

No. of shoots
Target NG of No.of g:r? ;Ztti on __(subcultured on selection medium) PCR
geme  experiments  explants (%) st 2nd 3rd bar MATPG3

1 162 69.1 165 47 12 2 2

2 51 41.1 9 7 3

3 101 56.4 36 4 0
4 112 67.9 78 22 10 1 1
5 119 83.2 107 44 15 2 2
MtATPG3 6 107 67.3 59 20 5 2 2
7 103 59.2 55 46 5 2 2
8 129 69.0 75 20 4 1 1

9 122 87.7 74 0 0
10 99 84.8 117 43 3 1 1

11 105 63.8 7 0 0
Total 1,210 68.1 782 253 57 11 11

O MtATPG3

Y% 3248 I3 A B & 2 2 BA: AlxA PPTVF 23
B A A ARA R I2E FEASA 114 FS WY E genomic-PCRe F35t har
o} MIATPG3 +737t2e] =9 ARE FRlste] MtATPG3St bar £-74F band7} 5 UERG
1171e A% ASS ﬁ%é}%{rﬂr(l% 162). ©lolA A =] FlH 114159
qPCR HA & T3t 171 d2d& AT T 8/ 2™ AFNA copy 57 270 o8t
2 #& T-DNA copy’} =4 dzi AFEH2E 163). E3, MATPG3 T3} bar
FAzte] HE ARE Felsty] -?46‘}04 FAHEA 11459 RT-PCRS AASAE=H,
MIATPG3 322 370 Ale< Al ASAA Tdo] Yelou bar F8AE 471
ATS AT 7A5ANA TES zu AATHLH 164).

IO m

o o
ok
9

ﬂl?.,{'
N

Genomic PCR

MPWTI1 I 3 45 6 78 921011

MtATPGS3

8 162. MATPG3 [TX7 EUE FEME 3o |HX = =l Genomic-PCR analysis for MtATPG3
gene; WT, Wild type; 1-11, transgenic plants
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Calibrator(CFC1 eopy)
ANC1 copy N
Peuput:MeATPGI(12 copy)
P e Med TPG3(mlticopy)

it
:,_l_lrﬁTr?rﬁT W WT

lcopy ANC 1 4 5 6 9 10 11
Transgenic lines

6 -

OOmm

4

Copy number

a3 163. MATPG3 REX7} ZUE HAXE I3lo| =Y [TX copy = M. gPCR analysis for MIATPG3
gene; 1 copy & ANC, 1 copy transgenic plants used as calculator; 1-11, transgenic plants

ET - PCR

WIl 234567891011

bar

MtATPGS

185 rRNA

a3 164. MATPG3 STX7L EUE AETE I3e| {KTXL 2el =Ql RT-PCR analysis for MtATPG3 gene; WT,
Wild type; 1-11, transgenic plants

a3 165. MATPG3 =8 =3} ‘Mop HETEH O] 2AIHHHIM LIEH EHAX EH

O MATPG3 =% FEAS F39 7% A PCRF} RT-PCRS &3 #7244 =¢ &
gl 01 RAHA MIATPG3 +3A =% =3 27 223 AlsS 24dA Aujste 713t
s FES T 24, AGFE AAF, A 5, A4 9 B8 & 59 AR 2 g EAS

25t ok Mlmstel PARBAL 2, AAF, A 5, DA ol olA #
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o4 e AelE HAFA Xsifon, T3 FolMT AolE: HAFATHIH 165,
166). °|Z Hot MtATPG3 +37= N71Z el HSd nist 22 A4 S a3

Fefol At Fofsta R Aoz BHH)

“) (B) %0.0
— Cap-]
=]
E z 600
b o0 1
1 £ 400
o g
=1 =
= 7
= & 200
= R
&
0.0
WT 1 4 WI 1 4
Transgenic lines Transgenic lines
© ®) 3500
300.0 = No. of ray florets == No. of tubular florets
. F
E ol B T £ 12500
£ é‘ 200.0
s i LT T S—
2 S 1000 |- B e
Z =]
0.0 . :
1 14 WT 1
Transgenic lines Transgenic lines
a3 166. MATPG3 =Y =3t 'AOF FEHEH | WH A =58 HE. A) =F, B) EHS, O o =+ (D) %
o SN ot B B
;‘. B
(A) B) o
50.0

SPAD value
L]
=]
=

—-——WT =1

|

0 1 2
Storage period (Weeks)

13 167. MATPG3 £Q1 23} ‘MOp HEXEIN ol Ml Ma| AM™. (A) H3lel ESH, (B) M3 22| SPAD value

O MATPG3 =% FAAEA A3l A B4 Medicago truncatula®l MtATPG3 =% 3
ARG AFY =3AA SA4S HASH] Al AN AvlE MATPG3 = =3t 34
AgA7E JHstetde W, "3E AFS F B AASHEA ZFHIA =L FF
He s Bt 43 AF 15 & 454 Tl Ha dastr] AFedaL, 25 o
= 952 g% g Zo] gAa FUEHET a8u B3 AFA FF aol oA
oY FTH FHHG AT Aole fle AR UEWTHIE 167). o|2 Ko} MATPG3

© Tl =3 A A aHE YEhA Xete Ao g2 dddnh

u
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O MATPG3 EU3 3AAE I3} 2EG2 AJPY Y MIATPGS +37 =40] &<l
H FAARA 2A5E e 45 2E
H,O, A2lE AAste HAHo =

g2
AEa P wsE 2ASAT MY YAARA
R 39 FRE 6AMA GE& Gl

A% Base Aoz dohod, Ad 62
SFAFANNE 27] ol 847%° AF& Far) ol FolHTh FAABANME b
Hls) i A Eo] Hglout BAA f
AR= FaoA AstrE s AFHE Rl

(A) (B)

140.0

120.0

100.0

Relative Chl contents (%)

H,0, treatment (Days)

a3 168. MtATPG? = =3} AlOp HETSN 9 M3t AEYH A XEHd
H 3|

a3 169. MATPG4 SHX7 =Y E HEHe J5to| MY
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© MtATPG4-3AAE =3}

O MtATPG4 =A% ARG 3l ALk MIATPGE -34S =3 23 2] E4
5 AAstaa 3AXS AFS RS @A 1130 2A 1116709 dAHAE thde
2 JAHE APS Ao, 334 A3 AT AAHE AA AR AxAV 23
Hj R o A AEF AlFE 7ld AAAo2 A} o] o]Fo 127) AES Adstd

H 27. MATPG4 QX £Q AR Z5lo| AMAt

Target No: of No. of reg:l:rztti - (subcultur:g)-ozfsse}ll:cottiin medium) PCR
gene  experiments  explants %) Ist nd 3rd bar MATPG4
1 98 72.4 87 44 3 1 1
2 101 733 93 39 2 2 2
3 104 74.0 89 2 2 2 2
4 101 683 76 29 5 2 2
5 99 64.6 84 31 4 I 1
MATPGY 6 53 37.7 14 5 3 1 1
7 99 485 2 0 0
8 87 46.0 26 15 4 1 1
9 150 81.3 92 41 20 1 1
10 120 76.7 104 58 14 1 1
1 104 65.4 99 8 3 - -
Total 1,116 64.4 786 292 60 12 12

O MIATPGY FAAE =AU 32-E I8 734 =4 &< &€ 33 §4: A=A pPPT7t 23
H R oA Ao m wZEH FAHASA 12415 WY SE genomic-PCRE 53t far
o} MATPGE Ao £9 ARE ERIste] MIATPG49t bar 34 band7} 25 YERG
11719 FHH3 AFS AASAHIE 170). oA FHA =] 1" 12415
qPCR A& T3t 117] F2H& AT 5 8/ FEH& AFAA copy 7F 270 o]st
2 22 T-DNA copy7} E‘%‘J% Ao AFHH(IH 171). T3, MIATPGE -34S} bar
Az HE ARE HRlsty] fste] FAASA 124159 RT-PCRE HASA=T,
MIATPGE +32= 1171 Al Tdo] yelstoy har 32 1] Als<= AL 10
Ao TS AT 5 YATHLE 172).

Genomic PCR

MPWIL 2 3456 TE8 5101112

bar

MtATPGS

a8 170. MATPG4 X7t EE HEMPE 3o |TX = =l Genomic-PCR analysis for MtATPG4
gene; WT, Wild type; 1-12, transgenic plants
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B Colbratar (CFC Leogy)
B e dcopy

O Peas :MeaTPGHL2 copy)
O Pousi:MarPGHmuiticopy)

-

Copy number
.

(]

lcopyANC 1 2 3 4 5 6 7 8 8% W0 1 12
Transgenic lines

a7 171. MATPG4 [REX7F ZE dAXE 2ol =Y [TX copy = =M. gPCR analysis for MIATPG4
gene; 1 copy & ANC, 1 copy transgenic plants used as calculator; 1-12, transgenic plants

RT- PCR

Wrl 2345678 52101112

bar

Mr4TPGS

188 rRNA

rigt
H
_I-?_I-
lo
4o

a3 172 MATPG4 A U HEH
Wild type; 1-12, transgenic plants

MX &sl 2ol RT-PCR analysis for MtATPG4 gene; WT,

17 173 MATPG4 £ 33t Aok BUHBH|S| 2AMuolH LiEt EHYY £3

O MATPHA 593 FAAZ 239 7|% B4 PCRY RT-PCRE E3)] x4 ¢ 9
o] FRAHE MIATPGE w34 = =3 FAHZA 3AI5FS 24 Aujste 7stE
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FES T 2A, AR AAF A 5 A48 9 AR S 5o 4% % e 54 =
AStATt o R vmstel AARAL 24, AAF, A 5, A Fol olA A

ol 7b UEhA gkskom, AR FAAS A B4 571 SUletghad 173, 1
d 174). o|2 ROl MIATPGE A = =3t FAA8A = 443 Aol glo] A9 &
37b Yt & 5 9

@ 140.0 ®) 70.0
. 1200 o WO ;
g 1000 |- o e - 2 50 |= ——— - = -
~ =
g 800 o 40.0
20 600 £ 300
%]
2 100 'f's 20.0
: 200 ~  10.0
— =]
A 0.0 0.0
WT 7 8 12 WT 7 b3 12
Transgenic lines Transgenic lines
© 120.0 @D 2500
100.0 200.0 PR
i No.
© - et 2
= 800 < 150.0
] =
= 60.0
= = 1000 |
S 400 e
S 5.
7 20.0 z 09
0.0 0.0 L N N ——
WT 8 12 WT 7 8 12

T} ansgenic lines

2l 174. MATPG4 =Y =2t 'A0p FEHEHL 4T A HeEd dHE. (A) =7, B) EHF, O & & D) 2
a

*) B) o

SPAD value
5
[(—]

<

-

.
©

™

)

™

Storage period (Weeks)

™ 175. MATPG4 =91 =3t ‘Mop YEMEH o Het Ma| ™. (A) H3lel EHY, (B) S 22| SPAD value

O MATPGE SU% FAAGAY A} A B4 MIATPGY 34 = 84

of

s 15

o wBAd BHL A7) i8] LUl AMste] AL W, EE AAG 2
2k & e ase Bsan. A3 A% 1F ¥ 4%

dgol WA ash] AT, 25 Folt PB4 FF vt Ba 2 Jep

Ll B Wi
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dy BHYY GEL FF daol oA obdET LAY AE] A Hol7} 9l

THZ™ 175). o] 2 Hol MIATPGH= =3kl A =dAA E37F glvkar Rt

O MATPGE =93 PAAS =3l 2EHYA AP BA: MIATPGE 5232 = 0]
H FAASA 2459 A& ASZE ste] HO, AYE T3l 4k} =Ef 2o tjg
< dotRuz xdFH GEL FF HIE ZARIAS W, o EH FAAEA
d FHE 6L7HA GEL FFol 48] TasheE AR UERT A 6d &
ANME Z7] thHl 80%°l 7H7h& Q&AL TFHF AT olFoF e, olHg W} <

AAZBANME FASHA UElgs B ofyg} ofAF I FAXZA Abo]e] A4

St A= AdHT

@

G
=] ‘
=

8 3 ¢
=5 o

Relative Chl contents (%)
2
-}

H,0, treatment (Days)

a8 176. MATPG4 =Y =3t MO FETEH Q| 43 2EH A KM 2Y. (A) BEHEH EF, B) 952>

iy

™ 177. AHL26 X7 =Y E HEME J5o| M
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® AHI26B A AR =3}

=

rx o m{n

O AHIL26
AF&) a1 A}
TS|

=

2903 FAAS 8o WAk AHIZ6 FAAE Y3 F A A 2
HAAS e FH3AT. 83l AA 725702 HHEAE oz FA
Alet e, PPT7F 23 13F Al OM 43870 7% &AL, 22k A
oA 1037, 32} AJ_FbﬂHXl ol A 16702 HESIATH F 330 A3 AAAHS E3}o]
o] AL Hol= 13719 FAAZ A EHE Ag*]-o]-‘}iﬂ-(j_a 177, 19 3% 28).

l%

:|:‘4r_>fl_4
N o

L
e

o
0%

B 28. AHL26 SFXI =9 HEZXz 250 Mt

Shoot No. of shoots
Target NO: of No. of regeneration (subcultured on selection medium) PCR
gene  experiments  explants %) " nd 3rd bar AHL26
1 50 50.0 27 15 1 1 1
2 50 86.0 48 13 1 1 1
3 100 55.0 20 7 2 2 2
4 114 71.0 30 11 2 2 2
AHL26
5 90 94.0 120 22 5 2 2
6 119 21.0 25 6 3 3 3
7 101 80.2 91 19 1 1 1
8 101 59.4 77 10 1 2 2
Total 725 64.6 438 103 16 13 13

O AHIZ26 FRAAE =48 3248 3319 fdx =4 & ¢ 2d 84 A=A PPT7F &£
Al AR oZ e FHH3A 13711Eg o2 bar®t AHL26 7AHE
B2 st AHI269} bar §HA band7} 25 UEhG 13719 FAAS ASS
SHATHL® 178). o]olA FAA =do] F<lH 13459 qPCR AA S S35+ 137}
A% AT 5 8/ FEAR AFAA copy 71 27 ©lst= 22 T-DNA copy’/lt =
o8 AHATHIY 179). =¥, AHL26 +AA} bar RS Td ARE Flstr] 9
sto] FARSA 13459 RT-PCRS A=, AHL26 A= TN Alse AT 7
N AsAA Fdo] Yeptoy far fAAE 37) ASS AT 5A5ANA TS AT
T AATHZHE 180).

8 oft X b1 oot
o 1 o i

Genomic PCR

MPWT 1 2 3 4 5 6 7 8 9 10111213

3% 178. AHL26 |STX7L =E JEME 32| |TX =Y &Rl Genomic-PCR analysis for AHL26 gene;
WT, Wild type; 1-13, transgenic plants
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B Calibraor(CFCLeopy)
B ANClcopy

6 - BPax L 26012 vupy )
[ Pesrs:AHL 2 iomlti copy)

Copy number
-
L

T nnne

Transgenic lines

3% 179. AHL26 {87 =Y E ERHE I3 =Y |KTX copy = 4. gqPCR analysis for AHL26 gene; 1
copy & ANC, 1 copy transgenic plants used as calculator; 1-13, transgenic plants

ET - PCE

Wrl 2 3 4 & 6 71011 1213 1415

bar

AHL26

185 rRNA

33 180. AHL26 78X} =YE AEME I3ke| FVX LA =l RT-PCR analysis for AHL26 gene; WT, Wild
type; 1-13, transgenic plants

O AHIZ6 9% YARY 239 F% B4 AHLZG $A4 £ 2 U] glw @
3 FAABA 3ATS LANM AMstel MRS FEF F AY L AT SHL 24D
2 b B 5

a3 181. AHL26 =Y ==t ‘MOp JERTEHS 24 oM LIEHY B2ddY £F
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“ 140.0 ®) 0.0
120.0 - 60.0
o) I S o8
e 100.0 = 500 -l e
= 80,0 0 40.0
= 7]
B0 60.0 z 300
= =
= 40,0 w200
= o
E 20.0 F: 10.0
A 00 0.0
WT 1 3 5 WT 1 3 5
Transgenic lines Transgenic lines
C 250.0
© 1208 ®) 1 No.of rayflorets B3 No. of tubular florets |
100.0 200.0
o
¢ g
L SR O S I
L
= 0.0 = % e
s = 1000 TS - - T 25
S 400 a
S 500
7 20.0 Z
0.0 0.0 .
WIT 1 3 5 WT 1 3 5

LI Transgenic lines
Transgeniclines

b (B) MHMIZ, (O ¥ = (D) ¥4

oY
ox
s
Bt
[1)al

O 182. AHL26 £ 23t MOF BUHSHO| MF U SN
a

O AHL2% =98 YAABA As} WY B AHL2 HAA £ FEAS A5 =
GAA SHS AR sl LHolA Al Asetde W, A A £ W
ol ARSI EAYT GE4 S W5E 2ASAT A8 A% 27 GE4 FF
of A&AHOR HEF SR o] RolX it AYL BT, fUET FAAI AE
of Aol 2pol7h molA YUTHIH 183). ol ROl AHLZ FAAEL =aolA w2
a7} Qe Aoz Budy

B

A

60.0

50.0

40.0

SPAD value
=
=

20.0

10.0

0.0

WT 1 3 S5

Storage period (weeks)

O™ 183. AHL26 =) =3t ‘MoOp YEATEHM[o| Het M2 AHE. (A) el EHY, (B) M 22| SPAD value

=

O AHL26 FAAE =943 JAAE 3o 2EY 2 A BA: AHIZ26 FAA =o] 3ld
FAASA 1459 Ao H0, S Fa 43 ~Edg 2o thd A 3AS dolr
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A GEL o] F43] Fadte AEFS HAFOoH, oAy JAAZA Alelo] A}
ol= AL flE ALZ YEMRTHIH 184). o]|E Hol AHL26 A= T StollA] 4tstAE
g2 AFAE S 235 YA Zdva ddEn

(B) 140.0

1200 =

100.0

80.0
60.0

40.0

Relative Chl contents (%)

0 3 6
H,0, treatment (Days)

P 2EH A MY 24, (A) Y22 BEHY, B) HEx Y 4

st
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(3) SUMMARY

AR 2l A

2l
=

AT Ad 8ok

] 2EH A -
&4 NEA 4% 23 o . =g
o A 28 A4
o ) 2y | AAE | as | Soe | 4 ey v% AT A
A A 4+ ++ e+ -t ATl 26.7%
Z7kstel Aol
AT #4 -t #4 ++ #O HA, 57148 &3
3 T ook =R e
DAY (#4)/ v, F7rA 7%l
=) ARmy, | ol 9450
ORE15 sEH2ARE | 2 A
CEAE | #469% #4 267% | #4 144% |#4 42.8% T
ok thH] |#9 -35.7% | #9 -40.8% #9 38.7% H#9HBATE 2EH
NAZ (%)  |#13 -4.8% | #13 -10.6% #13 30.6% 2R gl AAT,
Aol BFstel ¢
AR Xd &
7t
Z1 A +++ +++ #7S AA|ZF0] 24.6%
- ket ey, =
°oTr & © ¢
T A H7 +t H11 +++ | #11 +++ | #7 ++ I QA7 Zadhe]
3 As TEFATeE AT
A #7)/ E7}
ATPG4 |, ., .
q - =7]A% _
;"A];éi #7 -12.2% | #7 24.6% 2720/ SABED | yie =9y ww
N ° ou) |F1L49% | #11 135 - #11 43.6% 7b g A3, AR
ey #19 -4.2% | #19 13.2% #19 41.1% o] & F7hste] =
MAE(%) N % A
gk glog A
RE] Ht s ++++++ #1e B71A9% asprt
o 31 A AFo
& ¥3dA #18 +++ UHI fi gi ]
& A= #1 +++ 429 +++(7] = i i
] ( A% % JAAs}
) Zelow A
7] A #1)/ -#16, #18% 2E# 2~
ATPG7 zEd2Agy | AT B A
< Paa Aol BeFshel ¢
8 A= #1 3.9% #1 16.0% | #1 12.7% |#1 42.7% |#16 37.9% gAEoE Nur B
;W; gpu |#16 33.6% | #16 -13.1% #18 41.8% !
e #18 -15.9% |#18 -19.7% #29 49.8% i
A (%) #2992 ~EY A A
o Wl Eou} 7l
W AR 2F AR
24 49
A +++ 4+ -#5= AA|Fo] 243%
b bl Z7bsaa, =719
S5 2 e w7197/ % wob A3, ~
ATPT10 #5 4+  |#5 | #5 At | #5 2EH2ARY | g aniygo] =o
[ = _ #5 = B _
Zkfﬂ o [#223% |#2 27.2% 227? (#5) /i]oil Ueht ;;Hl
< o 0 /70 0 o) 750 E'_% Ho
Adee |2 110% |#5243% |, o |#5371% | #5 33.9% o s

* A BRI F I Aol W 0 (M%), +, ++, tat, wbr (99 3ol 2
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wh ATAS 8o

kg S0 U =7 HE fE SHR EE U 7|5 HH

Z|1EE @FEX 2 s WMEAE: ORE1S, ATHGT, ATPG3, ATPG4, ATPGE, ATPG7,
ATPGS, ATPG10

4 28 SEI Wl AHLZE, MEATPGS, MEATPGA, MIATPGS

STUC/RB FETEN Aot A 25 AHE WY

7|22 RE REE i g 27U
by
ORETY ATHGI ATPG?  ATPGY ATPGO ATPGT ATPGS  ATPGIN  AHL26 MIATPG? MIATPGYd MIATPGS
e ST ® L J ® ® ® ® ® ® [ ] ]
=3t L ® L] ® ® ® L] [ ] ]
szmn =T ® L ® ® ® L] ® L @
= —
=8t L ® L ] ® * ® L [ ]
E7]
———e TS, 3 0 oLk
=l
ST ® L [ L A s A
re =10
SEETEEA %
=5t L ® L L ] A A A
UL 1 H
FoHE Y 25 i v
=1
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H 3 & 38 345 % &3 20f 7|0k
A1A B%
TE &

O dFMEe HF

@)
-0
i

22 = A AYd
(Chrysanthemum morifolium)©l A4 SO 2 =7] A%o Zxddad
& FAAE
<= MEstal o] & A&&st= o Ak

hrysanthemum events
1t for GM crops, ete

grass and chrysanthemum
ronomic characters of value-added traits

« Turfgrass and chrysanthemum transformation system
g Agrobacteriurmr-mediated transformation with high-efficiency
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11.
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o

:=120% AAHA =4
el A -gskarxt gt
M Z&E 283 AFE 5
As &

Koo
2N

12.

£ ™=

st 1Fd T e A= GM =3Y 9 =3 F3

SR (Zoysia japonica) X =3}

o
T
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st uFd FHEE 2d

o]
=

3

ANAE St
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U dzpd 58

1) 1A=

94=

A=
(j:]L::) A 5344 ARATER AL 3R 2 = (%)
2xgd 9l 8 fHA SR ORED
ATHGL, ATPG3 ATPGL,  ATPGh,  ATPG)
=)
W 2 9 s ag | 0w AT E9)
R s s = U B b A R e e ]
g 9 48 fA 7 >100
(141 A e s as Ak 2 )5 A (3% 3R A d ik
*ﬂﬂ"‘é%ﬂ] ‘3‘3 .,E. 2 15 a}% (’?:T 8“6‘) 7833)
=719% A - % 8% g1 9 3% FTH FFHAEREH f4
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