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SUMMARY

Title: Development of transgenic plants for biomass production

To increase biomass as resources of bioenergy, we selected genes related to regulation
of procambium activity or vascular development, and generated transgenic plants with
Arabidopsis and poplar which were analyzed their function in biomass production. CKI1
and ICA2 overexpression lines showed improve of biomass production by increase of
cambial activity. And ICA2 plants regulated biomass production of surrounding wild type
plants, which might be caused by voletile signal from ICAZ.

On the other hand, we carried out research with search tools and molecular biological
technology in the Brachypodium which is a model monocot for bioenery grass studies, such as
identification of functional genes and promoters and transformation methods. Based on this
study, we established functions of several genes related to flowering and photosynthesis which
are major factor to produce biomass.

In addtion, we tried to make transgenic Miscanthus with useful genes for biomass
production and stress resistance. For this approach, first we established Miscanthus
transformation technique which was the 1% on the world, and the most efficient. Transgenic
Miscanthus showed high yeild on biomass compared to wild type. And also we collected
Miscanthus on the world, and analyzed their physiological traits, and selected the most
appropriate varieties to specific growth conditions.

Our results proposed that various model transgenic plants having useful genes are used
to improve biomass on the limited growth condition such as Korea or stress condition such
as a savanna. And the standard cultivation method can also be applied to future
Miscanthus plantation for massive biomass production, which will save our efforts and
costs and facilitate our own bioenergy production in the near future. Other outcomes than

those mentioned above will be used for various scientific publication as well.
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Foldcha Overall p-value t-test p-value

Gene_ID TAIR_ID  Gene_alias TAIR_desc FC_VM FC_SM OVP_VM OVP_SM TP_VM TP_SM

25604 ATSG38450 CYPT35A1 CYP735A1 01330422 07646833 06555696 0.0618182 07165787 0.1565899
5977 AT1GE7110 CYP735A2 CYPT35A2 0.2425199 0.8956067 0.300187% 0.0454102 04729003 0.1448626
7531 AT2G01830 AHK4 WOODEN LEG (WOL) -0.064669 01515275 07037737 01239717 0.6688651 0.0424349
16215 AT3G48100 ARRS ARABIDOPSIS RESPONSE REGULATOR 5 (ARRS) -0.090111 20170746 06463595 00020668 0.6768012 0.0310584
28287 ATSGE2920 ARRS RESPOMNSE REGULATOR 6 (ARRE) -0.081281 17132360 06480904 00221845 06518625 01852632
1944 AT1G19050 ARR7 RESPOMSE REGULATOR 7 (ARR7) 01200755 12153743 05187342 00287232 0500165 01416007
5178 AT1G559940 ARR3 RESPOMNSE REGULATOR 3 (ARR3) -0.070099 04675185 07292155 0.2509651 0.7230823 0.3934755
1011 AT1G10470 ARR4 RESPONSE REGULATOR 4 (ARR4) -0072107 -0.058246 0.5837229 0.9797165 0.5547768 0.8571288
6807 AT1GT748%0 ARR1S RESPONSE REGULATOR 15 (ARR1S) 0426628 -0401946 00550852 04751612 01724677 06013447
11258 AT2G40670 ARR16 ARABIDOPSIS RESPONSE REGULATOR 16 (ARR16) -0484476 -0.368415 00237042 06164393 01018513 07413799
17178 AT3G57040 ARRS RESPOMSE REGULATOR 9 (ARRS) 0.2077983 05285134 0.1135715 0.1751191 0.1303209 0.3025504
11870 AT2GA6310 CRF5 CYTOKINIM RESPOMNSE FACTOR 5 (CRF3) 0.2435189 0924129 03181253 00729107 05014302 02120398
17666 ATIGE1630 CRFG CYTOKININ RESPONSE FACTOR & (CRFG) 01413307 -0.240558 0.061623%9 0.202804 0.0260233 08349015
20444 ATAG23750 CRF2 CYTOKININ RESPONSE FACTOR 2 (CRF2) 0.2542007 -0.279637 0.1180671 0.3140224 0.1837895 0.2622453
20705 ATAG26150 CGAL CYTOKININ-RESPONSIVE GATA FACTOR 1 (CGA1) -0.022017 -0.704787 09182871 00777311 0.8354177 0.154864
20900 AT4G27950 CRF4 CYTOKININ RESPONSE FACTOR 4 (CRF4) 00924147 09347942 0.8819519 0.0498711 0.8937989 0.164569
27253 ATSG53290 CRF3 CYTOKININ RESPONSE FACTOR 3 (CRF3) 0404191  -0.05192 00327699 09789429 00930227 08040055
1682 ATIG1E530 ASLY ASYMMETRIC LEAVES 2 LIKE O (ASLY) -0129991 35281103 2 0.24242 00004922 0.2523347 0.0315574
1012 AT1G10480 ZFPS ZINC FINGER PROTEIN 5 (ZFP5) -0.255742  -1156559 0.1407068 0.1095177 02584426 03827366
9889 AT2G28160 ATBHLHO29 FER-LIKE REGULATOR OF IRON UPTAKE (FRU) -0.093738 0793967 0467693 0.007574 04527204 0.0159983
1346 AT1G13420 AT1G13420 SULFOTRANSFERASE 4B (ST4E) -0.323 2B7ATA1T 0.2800061 00040528 05834873 01105151
5977 ATIGE7110 CYP735A2 CYP735A2 0.2425199 08956067 0.3001879 00454102 04729003 0.1448626
11051 AT2G3B760 ANNAT3  ANNEXIN ARABIDOPSIS 3 (ANMNAT3) -0.554861 2.1630792 0.0045144 0.0061216 0.0241017 0.0929256
11210 AT2GA40230 AT2G40230 transferase family protein 03919024  -0.36704 01207949 0.3655822 0.3221361 04223652
11330 AT2G41310 ARRS RESPONSE REGULATOR 3 (ATRR3) 00233289 -0.083806 0.9916639 07769782 09022645 04210468
10136 AT2G30540 AT2G30540 glutaredoxin family protein -0.619043 07351161 00420792 01788002 0.2445315 04099258
11050 AT2G38750 ANNAT4  ANMNEXIN ARABIDOPSIS 4 (ANMNAT4) -0.316244 10690686 0.0413%64 0.0523339 0.0916392 0.2044715
6199 AT1GE9040 ACR4 ACT REPEAT 4 (ACR4) -0.061647 0.5434141 07513475 0.1254348 07242434 0.2188406
6252 AT1GED530 AT-EXP1  ARABIDOPSIS THALIANA EXPANSIN Al (ATEXPAL) 0447115 410922141 0.0046953 0.0006572 0.3227177 0.0605231
9293 AT2G22770 NAI1 AT -0.297068 -0.095438 0.1768823 04885086 0.3743025 01356213
10025 AT2G29490 ATGSTUL  GLUTATHIOME S-TRAMSFERASE TAU 1 (ATGSTUL) -0.047229 0296173 07744646 0111506 (.6996655 0.0905211
296 AT1G03850 AT1G03850 glutaredoxin family protein -0.443882 19910686 00209342 0009884 00783673 0.1204565
17804 AT3G62930 AT3G62930 glutaredoxin family protein <0.136031 06405338 0.5378212 0.1651426 0.6542639 03397669
19011 AT4G11190 AT4G11190 disease resistance-responsive family protein / dirigent family pro  -0.433903 03186856 0.0676569 0189214 0.2330084 0.2004733
337 AT1G04240 18A3 SHORT HYPOCOTYL 2 (SHYZ) 01345197 00638038 07023616 0.8477285 0.7756593 07452365
19013 AT4G11210 AT4G11210 disease resistance-responsive family protein / dirigent family pro 093870 12874472 00334345 00791504 03414101 0.3526313
26998 ATSG50915 ATSGS50915 basic helix-loop-helix (bHLH) family protein 07633291 28731897 00199433 0.0134451 01710129 0.2562904
1579 AT1G15550 ATGA3IOX1 GIBBERELLIN 3-OXIDASE 1 (GA3OX1) 04023992 -0.402112 0.0807629 0.6179522 01743235 07682534
9176 AT2G21650 ATRL2 MATERNAL EFFECT EMBRYO ARREST 3 (MEE3) 0795733 -0.243158 0.1140001 0.6241666 0.5879366 0.6108382
22065 ATAG39070 ATAG3I9070 zine finger (B-box type) family protein -0174855 -0.207172 02635073 0.6982703 0.3552283 06530816
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W ColD AP :Col0 AP ca? W Cold W :ica2 AP - ColD APl
8 day-old seedling: ARRT expression 10 day-old seedling: ARR7 expression
14 25
1219
12 1.667
20
10
0.8 5
0.6 10
04
0.5
02
0.0 0.0
W:Cold W:ica? AP - Col0 AP - ica? W:ica? AP - Cold AP :ical
9 16. jca2 A ASA 9} FA 7] oFAFANA ARRG, 70 S7FE Id dY gl
8 day-oldseedling : ARRS expression 8 day-old seedling: ARRG expression 8 day-old seedling: ARR7 expression
18 25 18
EE 22
16 1504 *EE
% 1842 15 *F
14 1285 20 1279
5
12 1268 12 1
1 15
10
0.9
08 E
10
0.6 06
0.4 o5 3
0.2
00 0.0 00 - - -
W:CobD (Bi)  Wiicl (B)  AP:CokD W:CobD (Bi) Wrica2 (Bi)  AP:CokD W:CokD (BY)  Weicad (BT} AP:ColD
a9 17, e HEo] AdE el A jca? A HSA L} A 7] okAB e ARRS 6, 7 EAANE

H

260

1% 15 ICA2 o9

8 day-old seedling : ARRE expression

363 414

49 P2

10 day-old seedling: ARRG expression
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Heges2 IR ed e she] A qtadM & =4

AR ol Fue ABAE Jg& mA 5 9l
5 5 =

oftel TR of AP FEFE mA F A& Folghs AtES Fdls )
AAgA S} AP S IR A 2o A A2 AP ARRE Hd WsE F<lskS
t} CKoll 98 wdo] fFrdviy 48 A-type ARR Tl ARRGY ARR7S W=z 4L
ica? A 3A (AP:ica2)ol Al ok & (AP:Col-0)ol wv]al Walo] Z7lH o 24 microarray 9 %
de HAFAAE vt (29 16). oFAF I} FA IR a2 FAAEA(Wiica2)=
ARRG, 7°] W= 7] AZ(APica2)¥ AR 2d JEE By or) ofAld e A9 4 714

 (W:Col-0) &8 ALE7} jca2 FAAZTADTE 7 st AS HAUT (1" 16). 3E4d 2

I

Kol =
= L T
A2 7les Tkl grlToR e V)2 yek s Fotel FrI=E . w

g Fre AEA o FIFS e Alole] ATz od AnE wiAEly] flste] A 7
FARE o] HFo] xbkE AEjel Al o P (W:Col-0Bi)# ica? 32734 (Wiica2(Bi)E
71 % ARR5, ARR6, ARR79] Hd& st A3 ojd AgAFe} FASHA S7tsh= w9
S Hol&= Zog Hol ol#d dNL 7|FE Tot I Edol dEdHozA yehus
Adolgta  FAs 4 gtk A AFT AEY wd A, pecting VA2 g
methyltransferase 4 o] F wWeb2 A gA] &Y 2 & Wslo] A dA=Ee= A3E
A% AG ICAZF AEAWAA Fadst= 98 2 48 7|4S #E ¢ s 88 ol
AAR FEEPes W 2 AHA TR F A ew d4ksin

3. =7 microarray 4] Hjo|HE o] & =)
Rowgs gad f44 539 A7k oS vwstEE, PHD # R
= AAR 9 Wl F43) AT+E FPstaat skt PHD 2 VIGS 39S o
=] =]
B

=719 stFHolA kel AT Axgo] T, ol AR &7 T, AT
A= nEA Yehds As & F AU =g, AEAe] dAF, 4 SolA A HE-<
weo] FrHAA vEus s g (2", ol¥d Hew wFof PHD 7} dvhd
g 27)5Y AR was A e AS & F AT ABFe] deo] FAF
M 2dE= d, PHD VIGSE A=Al @439 24 US F7HHe] = As & =+
w3t 712hs 2Asto] dvd A A Hy-o

ATk mEkA, PHD 7F 5ol A e A5
T} o

Asr7l= As & 5 AU
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leaf petiole

2 1. PHD 7} sﬂencmg Q
g

T S7teke AE o 9\)\‘:}.

ol gk AFF-o] Wko] oyt 7|AE FI AEHE= AE AVERY] S T ARF
uhgkol] #oddttia dex WOX4, APL, BRIL ¢ F31AE5% 7 silencing &t PHD VIGS
xdY ol FHEH= AE Ao EUT sHAINE o5 FHAES PHD VIGS 233 W& F
Al Fetle, o= PHD 7} ol FdAe] 7|58 SHdAos AAF dds Z4dst= A
S ¢ 5 AAY (2¥2). EVEAE APL & A#ARo HANAHS AAAE HAAZREHAIA=R
APL o] §l& u A|#Fo o] o]Fojx|x] ¢k=d] APL ¥ PHDE & Al silencing 3}
S W APL silencing ¢ ZTdFE FRA o2 A7l & A= S & F AT (2H
3). ol#fgt Ho g mFo] PHD 7} JAToA ABF= Estetr] fal Ax +E9S st 3A
S xdsta, 99 AEY AALE APL o] A Ao ABFe] £t o] Fo] A Aow A
Z} ¥ ok,

PHD 7} A#AFE 243 o oJDA oA 24dH= A& AHEua st 228 A
g3t =, auxin 9] Aol o3 PHD ¢ @do] A3+ AS ¢ + ATk T3 PHD ¢
o]l F7]19 AFFolA 7HE B gFFolA AoA= AoE Hol aFHoA auxin ©f
ofaf o] A oyt Id FHL AEo] ASHA AFFIE S Lddst= A 7

ofd Aoe AztdAn (9 4).
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TRV:WOX4 __TRV:PHD-WOX4

Pt o

Oy k |
CE Y

S B S 4 s S
TRV:BRIL TRV:PHD-BRI1

LA

) TRV:APL TRVPHD-APL
a9 2. PHD ¢F WOX4, APL, BRIl < #9| silencing 3t%1S W PHD silencing 83 & H
of PHD7} ol FHAEY 5HHo=Z AAFE 24T Ao dAddr

TRV:GFP TRV:PHD TRV:APL TRV:PHD-APL
a9 3. APL 3 PHDE sAl°l silencing 39S WAPL o £3ddo] €S S3l PHD 7}
APL fFAAtd A AT dds 243 oz Fkerc

A oos B s

0.25 T

0.2

015

[=]
g
|

(=1
relative exprassion (NbPHD/NbLBG3)

relative expression
(MbPHD/NbUBQ3)
o
2

01
001 — ]

T
BhhRhE il

NTO NT12 NT24 24D0 24012 24024 YL ML SL MV ST S™M SB RT UF OF SD

auxin o ©ls) AL, F71el AR 7Y wol WAL B3

# L3 o
FE AFE A TEEe As & 5 Aok

A G weto] PHD of o9 A 245+ AE &A357] 98 microarray & 53 t=24 %
Ay e FARES A¥stazt gt o]2 F3 sucrose transporter, amino acid transporter
S Ze Ao EAEE 2WAEe wdo] FUtE e S & F AN, APL FHAA
o] W= FUbs Atk mE ANT, AP3, OBP3 9 & dAL 2HelA 59 wd T3
7hElo] Qo] olE FHAEC] AFIF] WIS AT Ao diEt WOX4 o Hde W
37F fle Aow Wol PHD 7F WOX4 o= =HAoR Ylsate 2As & + U (2#
5).



NtAPL NtSUT1a NtAP3 NtANT NtOBP3

012 15 0012 0.08 035
B i 001 - i
2 oo — — 0008 -
£ 015
¥ 006 - — 0.006 -
@ 01
2 004 — 05 — 0004 -
5
2 ooz - — I 0.002 005 -
0 — o . 0 - 3 D i
TRV:GFP  TRV:PHD TRV:GFP  TRV:PHD TRV:GFP  TRV:PHD TRV:GFP  TRV-PHD TRV:GFP  TRV:PHD
NtTET1 NtMC AN NtNEK1 NbWOX4
transporter
0.05 o8 o 012 0.25
01
o4 — 02 +—
06— 0
0.08
003 — L % 015 +—
e f— D.06 - I
0.02 [ 04— 01
004 - p——
oot - A 02 oz — = 005 —
0 -—-.— — 0 J ‘ — 0 . mm : \ 0 - — - g
TRV:GFP TRV:PHD TRV-GFP TRV:PHD TRV:GFE  TRV:PHD TRV:GEP TRV:PHD TRV:GFE  TRV:PHD

¥ 5. PHDOlA 2d S7F B fad iz, Ay 514l fdxs5e] ddel o7t
S,

AAEAAAEC] Z7bso] glo] Awy WIS 2AY Ao oA

ol 7] FAFTAAMY ABF 23 7S 2Eee Ao E HolE FRFHAA PHDE
homologue #+41& &3 & 7] Fhe] 2709 A =& FdAE AtPHD1 1231 AtPHD2=E
Axpel EarA 24 714e Felsty] 98 AEW B Al
t}. GFP vectore]l E24%¥ AtPHD1 18|31 AtPHK2 construct® 57

dsts NS

AtPHD1-GFP

o
LL
9
o™
(]
I
o
]
<

a3 6. o 7]%d PHD homologue 27, AtPHD13} AtPHD2+% X+ protoplast A3 ol A]
N} A Aol A e sir)



AtPHD1¥ AtPHD29 %2 W %3dS GUS stainings & Ay Ew %33 o]
debte Auy 24¢ 239 o9 2w Bgn 2h6A9) wr 23y
F Ak (2™ 7). o)X =uj PHD9 homologue?! ©f7]%the] AtPHD1¥ AtPHD2%:
1;]_0];;} _,/h;]_m— z;doﬂ w3 —g)—]_uq}\i ;(.”_,/} ./] uh;l—oﬂ Z]—_Q_S]- 74 o7 Agﬂ-ﬁl;].

—_L
-
S
=

F.E o
o SL
o ot X

pAtPHD2::GUS

w .
.
C seg : b = £z AR et
< - - b B R, N
i LE ) oY aiz 2B
A 24y { 5 -
z b i ]
) N et 3
% /AN L !
i . .o h
3 S o
/ : i
L o |
k. i
o
v

a9 7. AtPHD1¥ AtPHD2:= * Lﬂoﬂ A EQla) Q) B
=7] o Yo A4S (Drocamblum)é o

cambiumol| A &= & sk},

o] Frputo A vt sl 53
K. 18] 3l interfascicular

of 71l 2] AtPHD1¥ AtPHD22] RNAi W
PHD RNAI line¥} 528t o2 Ao ujgd4l sidds ##sd 5 A
ol &= Al BRF oty HAAA F7] W vk FAo] H
TH A se] # 722 AdZEY Jde X3 ZdFS e (2H

EE
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A Col-0 B PHDI1 PHDZRNAI-1
. s TR ; - el

i%‘ v

Hbd - ol 71 ] AtPHDI S5 AtPHD29] #its A EA= Aol A A siliques] &g
o] A& ™ rosette leaf® HIAFA QI Weto] Al&H = 5o W FolE vehdt (LF
9). o] AL (SAM)E] Aol & o]FofA YA &7] W] YEv= dFo=
A, AtPHD®] #bgol] ofgk SAMe &4 Asfsa = Aoz Aztdrt ozfgr A%
13382 7] dHdAE #FEE = =, AtPHD1 AtPHD2 RNAi lined & tix24d o=
=7] #oht o PSS 2T A, doprl E@e) g ek Aste] yehdnh (19

a7 9. AtPHD19] #ad A EAoA &= SAMe] o] Agx= Ao= Az
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ALPHD2-YEPN/ ALPHDL-YFPN/ AtPHD1-YFPN; MBPHD-YFPN,
ALSCLI0-YERC AtRZ1c-YEPS ALSCLI0-YFPC AtRZ1c-YFP MhPARR.VERD

ALPHD2-YFPN)

AtPHD2-YFPN}
ALALY2-YEPC

19 12. PHD%} RNA processing =+ RNA exportol] @& vz o] A5 285
BiFC assayS %3 #z3s9ict

PHDY =4 71zS A3 ¥ r7] 938 PHDY A3zgss=
Yeast two hybride T3ttt o224 PHDeF JE#&sh= f‘r
-binding protein®] PABP @2 d& #&3Act (29 11). ¢
G dA AHE &8 PHDS 4% A8 7teAdol Had E}"o‘t’a dd Egk tadd
AT (29 1.

ol M AL B RNA processing =¥ exportd] 3502 AHFE Az ddA 9
om Fo Fd AATH F5AES A gdstarat BiFC (Bimolecular fluorescence
complementation) assayS T3t (¥ 12) o]= =& NbPHD”} RNA processing 5=
+ export® HHE @A FFAGste] ot dE VS 2T ow S ¢ gl
Ak,

RNA processing@} exportol] #ojst=A] A3 AH B 7] 93] poly (A) RNAC] Ags=
AZ #AZE 4 9+ poly (A) RNA in situ hybridizations =33ttt (28 13). ok & ol

rL

A Bz 4= 9dE poly (A) tailS 7F2 mRNAY] localizationo] A EW EE x| o] Q= A
(19 13A7} 13C)o] AtPHDI ®:+ AtPHD2 ZHEd A EAAE & do HEy 5SS &
ZHak 4= At (¥ 13B9F 13D). ©]+= PHD7} o4 ¢ RNA processing 34 T AE
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A =29] RNA exportE Adlsl= 71sS 5

(18 13) oA} x4 o= AtPHDIZ AtPHD?2 #'23d 21 & A o)A mRNAS X7}
o] m &2 9SS poly (A) RNA in situ hybridization©. & 323}9] o},

ok

= A o

>
s
=
I
=)
N
o)
S

XO TAHdW

RNA splicing 53 #Z2 RNA processing =+ A EZ =2 RNA exportol] ##
A& Qs of 71t PHD RNAI lineol 41 ¢] RNA sequencing 473§, ¥4t (28 14).
o]24 AtPHD RNAi¢} ok & oA isoform =+ RNA splicing®] & #
W7 A ZoldES #ET 4 QY. = PHD+ RNA processing =+ RNA exportol
e Ay A5 A-EstHA mRNAS HHAWMSIE Fegtoax AEo oy 53] £7]

W APET % AR BY AAHS 24T Jlow dddnh

olNr

Gene isoform & splicing

phd_uvp_0,58 phd_dn_0,58 phd_up_0,58 phd_dn_0, 58

(19 14) kA ¥ ¥ AtPHD RNAI line 7Fe] RNA sequencing data 235 EAE=
UERd AL

[1¥E: wolevl= SHE AT 58 FEAEA AL
[12hd =

1. At 2&0]e 8438 =1 g4
1) d4A% A=
O wlolomj~ FOE 93t FAH3t Q8= 7N (Brassica napus cv. Jeju Hanla)9t ¥ =

(Populus tomentiglandulosa)& A&3t9 5 (19 1)

O FAlE Helot A AxA el 80% o4 At AEE Tl A9 ALH FA¥
o] glo] mpo]omjx A=A ﬁiﬂ s B

—~

S 8% A9 AFHER A A A
O EZeE 22/ vole AR Fwaly] 9 AR ol ujas FUiEty] AT &
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A=

SRP(short rotation Woody plant)i 48 7hs
O welA] vlole w7t S A&

Az A stetaa g

a9 1. mpol

]-o
&

2) FA% £Ee
O }\1‘34

o] &5}

938 04

A=

Apg-a

Aurstel wpo

-3t FHAAE
Agrobacterium-mediated transformation W o= 2 3l
O wpolujx FoiE &l AESE fFAztet 5 & 13 2

# 1 vtelerms SHE 918 Aok 2

R EE

FA(E)S} EFe (5.

e

TEe] FAAR ST FA4 2 54
No. Gene Name Characteristics Reference
.CI.{H. CKI1 is involved in cytokinin signal .
FnP501 (Cytokinin-indepe transduction, possibly as a cytokinin Science. (1996)
ndent 1), ’ prece tzr Y 274(8):982-5
At2g47430 P
PhyA Light-labile cytoplasmic red/far-red
FnP502 | (PHYTOCHROME light photoreceptor involved in the
A), At1g09570 regulation of ggg%ogqorphogenesm Plant J. (2007)
FnP503 | Hyperactive PhyA L. 49(6):1064-75
(mutagenic site)
Bathochromic F307R/C371A
FnP504 PhyA (mutagenic site)
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CaPUB1 effectively altering cell and tissue

FRP505 (C. annuum growth and also the response to Plant Physiol. (2006)
putative U-box abiotic stresses (water stress and 142(4):1664-82
protein) mild salinity)
CaPLA1 participate in a §ubset of positive Plant J. (2008)
FnP506 (C. annuum control mechanisms of cell and 53(6):895-908
phospholipase Al) tissue growth
a modulator for cell death
FRP507 RabG3b progression during pathogen J. Plant Biol. (2009)
(Rab GTPase) response and senescence process 52(3):79-87
in plants
Myb?2

. tr ription factor Myb2 related to .
FnP05 (MYB domain anscrip Y Personal communication

. Senescence process
protein 2)

3) #Al Callus B4 BAAH HH 27 773
O Fit wobd FAl £ABAC 44T F712 5-10mm 271 AR WE salt B,

gAY agla Z2FE0] tEA H7bE wjR o XAFske] 25+1°C v Aol A Sz 3
Z71(4545 ymol'm 2s el A Al &FatHA callus FA S 2 7| AEIFE 2AEIS

O FAMEA MEE A% AA salt ® WEY Fes MS wWiA7F 7 48k, v

R

salt FEx 7|9EEHE SAWTE Ave Ta Aozt Ao, 1L0MSS 15MS Aol
M= 2 fola7h g0l LOMSZ A eke] AH(2d 2)

20MS

15MS

10MS

0.5Ms

0 20

a9 2. A callus 4 2 A Ao

a0 60 80 100
Ratio (%)

" A= salt @ vitamin =2 &3} Callus; explant?]
238 & (callus/explant) X100 2. = A4, Propa; callus A3

|
o
= 1l

g& Axz A A& 7] (division/callus)X100.

callus A2 AAESolA AEXE
A2 AFF callus?t explantE €713

O AFZAA 49 auxind} cytokining A8 FEZ &8 Ao callus A 7] HE
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3 265
|AYE AEEE 3

O Auxin®¢}t cytokinin® <]

g] )\]—I;H A

ZAbe Ay NAAE 05-2 mg/L W9l g
go] BE
dmA g o] A A AEEde] o
ratio7} F7k8tH @3l AMER Dol FALFALGE 2)
of A= s HAH %I

O wabA 219 callus &

N4 713 FARA S

O 3 explant®FH callus d7g o] 7H%

callus B4 % Bd= =AM A=

O 29 callus A% 2 7|3
EQ1 25°Cet & Frolxe s A X%

w3t 1A=

¥ 2 32 wEo WE {29 callus A4 2 AH &7
Auxin
0 mg/L 0.5 mg/L 1.0 mg/L 1.5 mg/L 2.0 mg/L
Cytokinin
4 7 6 5
0 mg/L -
(5.3)%* (9.3) (8.0) (6.7)
3 64 62 55 42
2 mg/L
(4.0) (86.7) (84.0) (73.3) (56.0)
7 60 58 36 28
4 mg/L
(9.3) (80.0) (77.3) (48.0) (37.3)

* Callus 8482 75 explant (25 explant/plate X 3plate) %

Ratio (%)

100

—*—Callus

Temp 21

Temp 24 Temp 27
2 A wA=
of2k= ghlont 27°Cell M tvha

- Propa
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O Fx9o JFS &Rlstr] #13l callus "ﬁﬂﬂr 71 gEstol] A3 s 2ol H
Ao explant® X 4Fadke] 10-100 ymol'm *-s ' ¢ FZH A callus /‘é o Zi/\}%}oi%
O Callus 84 2 A4S 60 ymol'm *s! & FxAA 74 a9 o) vkl HAr
A FEAL FIX7F 9. webA agrobacterium} coculture ¥ 2U7F e F
FEf A Al dstAA Z#AEsE FESIS (1 4)

100

80 I [

g l
0
&
40
~®—Callus Propa l
20
0
10pE 20yE 40uE 60pE 80uE  100pE

T o o=

O Ao = sucrose?t glucose’t 209 callus A % Ao v X Jas FALSE 2
1o 2 AFR3slaL 9 3%(w/v) sucrosed A callus A 2 o] S5 HL

O 3%(w/v) o]’de] FZdA = callus’7t 543 ZAWEAL

2 , 2 FRAAAE Aol £3}Y
o] callus & o] zgkom Addol ety
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100

Ratio (%)

Ratio (%)

Sul Su3 Su Gul Gu3 Gu5

a9 5 A callus B4 B A WA= @A G Callus FAI Al BT

=
3%9] sucroseol A 53 S

A&l co—culture ¥ °F 370 €o A 57/1¥ FHE shoot7} HAEA o,
& 2 root F= wiAo] Althste] FAHMIAE AL =
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9] origin, S1-S2; callus &g ©A.

4) 29 Callus 343 FAdS A4 =4 749
O X&5¢]9 callus A4 2 FAHSA o] ARES wiA] B T2 AL 7] Baud =
(A FATY, 2002)S ofa HYste] AHE ;}311:
O CKIl 35 E3eh= vectorg ©] 83t X ZFY callus 7%, 4 2 7AE3E 9
gl =24 B G AAE e %( a7

a9 7. AEAFEAE CKIL #3145 o83 599 284 7. A-D; Callus 2=
A

_52_



3k4) 7hek. A-D; Callus origin.

T I EEE
O Ao AN =4 AAF) AT FAARAL 2AeE FAR Myb27h 3
vectorE o % WAABolA AE HAAAA 2 ALAD Fu AAE ¥ 39 22

PCR ##A
A3} (shooting) ¥ hoot Wl &¢I _
e st S»(f e (PPT-Specific SHoo H»O © Callus &4 714
TN A ) A
Primer)
27* 3 24 62

x 371 vector control &2 H 3| E&

g s A G AT
o

2

O AA7FA shoot7} FE¥ 2770A Fol A shoot7} &3 & Tr WA 10/1E o] &3

PCR #A74 23 oF 40%<1 47§ Al A 25734 specific HE7F SJAEH A (2 9)
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Myb2 WE & o &8 #4l @AAE Fu AA PCR AAAN, 47 eslel A g

9.
Eolmi=7} ¥ lS. PC; positive control (plasmid DNA), NC; negative control(wild

type)
O Al 1xAd = Fa19 FAAZ AAZ GHEA7] wfZol positive F A ZZA| o] Atk n]
o] FolX L 53 FAAIANE SFHyl waA A E Adow A

©)

CKIl vectorg ol &3 frall FAA3E Sl A callus FAGA N A= A= ¢F 130
AA 4

Myb2 fF#2E ol&ste] FHAHE xxio] FHHEA Fo explants: AFste] A=
callus7b A ¥l BF Tl A+

F7IE BGHE 639 vectors(FnP5027507)& o83k ] JAASA At & Z
ZFe] vectorE X3F agrobacterium co-culture® 3 explantE X435}o] callusE F%

=1 0] O
o]—ﬂ )\)]\1::

¥4 AXAEGEAE CKIL 34 = 258 JAAZA 12 A Ay}
PCR ##
A E-3} (shooting)F shoot Bi%F &< 3
2 o £ (PPT-Specific H_O N Callus &4 74A
TN A ) 7 A
Primer)
16(17%*) 1 14 72

FAAEA 12 AAS A8 B o] 458 A= AgS u A 32 AS AFHsI
2ol g5 glstr] 98] FAA A3dAd I target gene-specific primerg ©]-&
3 PCRS 3332
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O #A7ZFA shoot7} ¥ 167014 &5 Fw38] =¥ $H 7MA 3715 ©]&3% PCR A
Az} 1A ANA L FFH A specific ME7F FAHAS(2” 10)
PPT®

714 10. CKI1 ¥HE ¥ZogddgAe PCR HA

(plasmid DNA), NC; negative control(wild type).

&

A3, PC; positive control

O CKIl f#a& o] &gt nfo]o v~ o8& JAA3 Fx xlo] FyHAa #FHAA
A Fall shoot ¥717F ¥ FH JRAZE SR EHJAL FAHSA S A v &0
zold Aoz sl

O Myh2 vectorg °|-&% X Ze] FAHTS s @A callus FAHA Ade MA= of
120714 9

O x&Fee A9k CKIl #4345 ol&38te] d2ddek x310] stys Fo Myb2 #d#kst
co—culture® explant® |43t A& callus7t AAAE AS Foll AU

O T3 F7l2 BUYPE 659 vectors(FnP502-507)& ©1 43 T Z# FAA@A 49,
A2 Z+7+o] vectorE X3 agrobacterium¥ co-culture® *Z7 explantE X A&} od]
callusE Fxstal o] Bds FAALdo=TEH FAHSA S o] 7hsd A

[2xd =]
1. 259 FAdgA
1) &8 Az AFES FH1A

O A &9 vy AFBE F42 HdS ZH3sE transcription factorE o] &3F 32
A3t ME S Agrobacterium—mediated transformation W o2 A A %S

O wiolomj~ FHE gt FAHSA s AFES FHxtet 5 2abd ] 2707 5
7hslo] & 59 2

3E 5 Hpolema FHE 91T FAS 259 FE S AN AR H 54
No. Gene Name Characteristics Reference
CKI1 CKI1 is involved in cytokinin signal .
FnP501 | (Cytokinin-independe | transduction, possibly as a cytokinin Science. (1996)
nt 1), At2g47430 receptor ZTAB):98275
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PhyA Light-labile cytoplasmic red/far-red
FnP502 (PHYTOCHROME light photoreceptor involved in the
A), Atlg09570 regulation of photomorphogenesis
Plant J. (2007)
S598A . _
FnP503 Hyperactive PhyA o 49(6):1064-75
(mutagenic site)
. F307R/C371A
FnP504 | Bathochromic PhyA o
(mutagenic site)
CaPUB1 effectively altering cell and tissue .
FnP505 | (C tati growth and also the response to Plant Physiol. (2006)
n - annuum putative abiotic stresses (water stress and . _
] ; At 142(4):1664-82
U-box protein) mild salinity)
CaPLAIL participate in a subset of positive Plant J. (2008)
FnP506 (C. annuum control mgechanisms of cell and 53(6):895-903
phospholipase Al) tissue growth .
a modulator for cell death .
RabG3b ) ) J. Plant Biol. (2009)
FnP507 progression during pathogen response
(Rab GTPase) ) 52(3):79-87
and senescence process in plants
—-A modulator for cell death
RabG3b CA progression during pathogen
FnP508 (small GTPase in response and senescence process J. Plant Biol. (2009)
Arabidopsis) in plants 52(3):79-87
- Point mutation of RabG3b (Q67L)
- Regulated HR-PCD
FnP509 CaRma 1H1 Capsicum annuum ring Sequence only
Methyltransferase : -
FnP510 Related to growth (mass) 22 A% F7}
(At5G40830)
FnP511 PNCz Related t. th ( ) 22 e F 7}
n elated to grow mass A e F
(At5G27520) 8 B
Myb2 .
) transcription factor Myb?2 related to Personal
FnP05 (MYB domain o
) senescence process communication
protein 2)
2) FnP501 frdxt& o] &3 &2 FAA3
O Z7]19 v AAEY #EE CKIl FAARE ¥38= vectors o] £35te] ¥ 28 JAAF

=

o zlolo
Sl S=:



O 1A¥E BN, PCR #e)E Zgstel 5 UAANE A sgov olF 5TANE A
SelA A% UM YHENS
O AREHY 2AE A w3 F

ol pe Ao MHE wolt

editios 3
29 11. FnP501<& 0]5’“5L 59 FAASGA oA Addete] sshd ¥ A8 (20104
894) PCRg 0] 0}04 FAAZAZ g9 MAE 24 =35kl ASstA om, npo] Qv

3 1= skl

19 12, WE 5o xgtolmE o] &% PCR A¥ JAx8HA d EEYE Fea &
s}t *ﬂ% EAS AR (2011 19). 892 =%hE 58, 96 1@lal 125U% HF
g ZE.

ofo
r
®
i
A1
ofk
i}
=

ot

3) FnP505 fF+d=x+& o]

_57_



19 13. FnP505&

4).

4) FnP507 ¢ A2 o] &3k £ &A%
= 39 Ax weka Aiso] 9lom x| upe] Quj
= vectorE o] &3t e FAA

O AEAH o AETZH ~EF
st % 45’401 21+ RabG3b CA
s o4

O FnP507 Vector% o] g3to] F 8671A
9ol =state] A F oM dlE=F

SEXNS 2AEAS (1Y 14, 15)

O <3t 5 ¢ 258+ =719 A4 d4e
el (1% 16, & 6)

>{E L

3l e A=Alet A5
S 438 vl SdE AEAE A

R B A
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19 14. FnP507 432
(#1)(2010 1199).

T 16, FnP507 #AAE o] 83 &2 JAASA (RS A9 &£3H2010 12€).
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219 16, FnP507 #AAE ol &ste] FHH 5 dhgze w3t T 259 FEAEA
#D(2011d 2¢).

O FnP507 A& XE3st= vectorg ol&3te] FAA3 st shoot$} root7d FE¥ 7)
A#2)+= PCRS &3l H5S& sto] 14 Adsta =shste] ASEALS A H(2d 17)
O X3k FnP507 FAAE Essle
#3)= ZIWelA rootE F+XEstal PCRES S3l 1%

sH1g 18)

T 1 2 3 4 5 6 7 8 9 10
Stem
. 3.97 4.66 3.82 448 475 2.12 2.94 452 476 419
Diameter

Height 24.5 218 26.2 30.1 35.1 129 20.2 34.9 30.9 13.7

T 11 12 13 14 15 16 17 18 19 20
Stem
. 4.40 3.91 4.19 3.91 5.10 3.61 474 3.12 4.96 461
Diameter

Height 22.1 28.1 31.4 25.7 32.2 21.5 34.8 12.5 28.8 34.7
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19 18, FnP507 FAAE o]&35t9] shootE: H%E3F ¥

% 17. FnP507 FAAE o]-&sto] AEstd

] YA 8A (#3)(2010d 1972

5

=9 FEASA #2010 124).

1
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2. FnP501 - FnP511 %%+ VectorE O]%??} ZEY JAdsE
O EE¢Y callus AH 2 FEHASA frimo] A& wiA 3
Zﬂ(%‘ﬁﬂ:ﬁ-f_, 2002)= tha Wsto] XA sketo] ARESESl S
O FnP501 - FnP511 vectorg ©]&3ste] ¥&F¢ callus
21 2 FAAE SFH A
O 2xtd e MFIAZHE F7H= &
Lotdon, 2apde Y AR &
oA (2™ 19)

O 2zapd el 12 ASAAde S &ld 74 H 2&2 A= & 79 2+

o

7zl

.

-Mybz

« CaPLAl1

+ PhyA-B

* PhyA-H

29 19. FnP501 - FnP511 vectorE o] &3k A 2 ¥ Zeo FAHASA MEs 93 g

=
8 K& 7o) GAANCRYH FED callus BE,
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3E 7. vfolem a7 ke FRA A S 9d A AA A
Gene Greenhouse Analysis In vivo Sum
CKI1 30 7(Postech) 57 94
CaPUBI1 - - 1 1
RabG3bCA 53 - 33 36
3. FnP50l §44% o] &8 £Ze FAATA] A% =4
O =719 v F BHEE FnPo0l FAAS ¥33= vectorE o] &3] ¥Z2) dAA
se e A9 28 F Q LFe 2709 AW FFE A0l vloleuzt F
IR *ﬁ]%iﬂ% Adkstar S (GE 8)
O FnP501 A AZA L} o=+ o2 FHAE o83 JAAIMAFPM 01) 183 wild
WD #3184 1220 % 1769 59 497 EEele] T1445 492 2400

O]'Sa'ﬁ‘(_u_ 8)

O FnP501S o]&3te] FAHdE X EFHe F U279 ILHAEAY 27 AS5S vlugh
A3, vpolem 2~ F7hek A E P A Foxke BolX k(3 8, 19 20, 21)
% 8 FbP501S o]&3 JdEA(CKIY dx=7(FPMOL, WD) =747 4722010
W 119). AEAE g2 o3kE A 129 283 1769 E FEA3A 9 gz A EA
Plant CHIL-1 CEIL-2 CETL-% CEIL1-4 CKIL-5 CKIL-& CKIL-T CHIL-8 CHIL-9 CHIL- 10
Stei nt';._ 71 2.40 270 272 267 3.02 3.26 302 292 L87
Crameter 178
il Days B.63 B Q73 1003 6 B84 o914 1038 S8 8497
H-@il:_rht Fl-ti'i. 192% 21.1% 23.38 2192 M TG 1%.34 2802 2387 19%3 1377
- 3::‘ o0.2 BO o5 942 a5.3 ] B2 68 7 88
Plant Days CKIl FPMO1 WT
Stemn 12 Days 2.74+0.02 2.75+0.02 2.68+0.02
Diameter : -
o) 176 Days 9.38+0.02 9.55+0.03 9.25+0.04
Height 12 Days 21.5+0.02 19.5+0.02 18.2+0.12
() 176 Days | 87.85+0.02 87.9+0.02 87.65+0.09
O 3 FnP501S ol&3te] FddeE 2&Fe] 5 x7] AFo] A A= AHE Al
3% A 1AFFA ] BHulo] FAAETA 54 A4S FddA S
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A 1764 | A=A FbP501E ©] 83 & x84 (CKI) 2k

H2] 124 € A=A FbP501
= 7(FPMO1, WT)e =714 74 (A)¥} 47(B) Bl(2010d 11€).

pEA

Transgenic
tff o] A

“

FEM 01

[¢

0]
FPMERN

iy
A

S

<
R

&FaLzf

skl "EVENT” =

WT

[€)

I3

WT

-2~
g Z=7(FPMO1, WT)9] =714 743 4% v8]1(2010d 08€).
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1. vfelem SO E f18 FEASA
O PAAIS F3 H}O]OHHZ\— 7} i FAASAE ARy Y&l 52 (Brasicca napus
var. Hanla)®} =8 (Populus tomentiglandulosa)Z ©]-&staixt Z+zr 4 Al 249 o
AHgko] Agst 2A0A 2 AF %, Fx21 )L TSI, 2R €8)
O 3atdxde= FEAZ g A EAE ol &3 x]é;—?ﬂ,cﬂ FAAEA N L 5SS 24
sto] wlol o v a~vt FulE FAHMIAE A

O A& nioiydy AdAA FHA=}
Agrobacterium-mediated transformation A
O vtolewi27t Sl FPASAE /Estr] 8l AFEsE A 2 542 % 99 25

% 1. ovpolomx FUIE Hgh fAle 2EY FAAZ AES FHA H EA BEE
No. Gene Name Characteristics Reference
CKI1 CKI1 is involved in cytokinin signal

Science. (1996)

FnP501 | (Cytokinin—-independe | transduction, possibly as a cytokinin
Y P POSSIDY Y 274(8):982-5

nt 1), At2g47430 receptor
PhyA Light-labile cytoplasmic red/far-red
FnP502 (PHYTOCHROME light photoreceptor involved in the
A), Atlg09570 regulation of photomorphogenesis Plant J. (2007)
S598A )
FnP503 Hyperactive PhyA o 49(6):1064-75
(mutagenic site)
F307R/C371A

FnP504 | Bathochromic PhyA o
(mutagenic site)

CaPUB1 effectively altering cell and tissue )
FnP505 | (C tati growth and also the response to Plant Physiol. (2006)
n - annuum putative abiotic stresses (water stress and . _
) : A 142(4):1664-82
U-box protein) mild salinity)
CaPLAT participate in a subset of positive Plant J. (2008)
FnP506 (C. annuum control mechanisms of cell and
tissue growth 53(6):895-908

phospholipase Al)

a modulator for cell death )
FuP507 RabG3b o duri h J. Plant Biol. (2009)
n rogression during pathogen response
(Rab GTPase) | =~ ¢ & DATIORER TESD 52(3):79-87

and senescence process in plants

-A modulator for cell death

RabG3b CA progression during pathogen
FnP508 (small GTPase in response and senescence process J. Plant Biol. (2009)
Arabidopsis) in plants 52(3):79-87

- Point mutation of RabG3b (Q67L)
- Regulated HR-PCD
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Fapsl | Cvltransierase Related to growth (mass) 23 % F7}
n elated to growth (mass =
(At5G40830) ¢ N
FnP511 PNC2 Related t th ( ) 22 d = 7}
n elated to growth (mass =
(A5G27520) i B
Myb2 o
. transcription factor Myb2 related to Personal
FnP05 (MYB domain o
_ senescence process communication
protein 2)

%10, vrol oAt 27bE f A FAADA AL A9 FAABA A

A 2 shoot shoot
XA 0w . <3}
fr B A =B ] gq
FnP05 200 80 65 2 -
(MYB2) 200 182 122 - -
200 100 70 1 -




100

55

31 HAARA FE L AL
Vector List PROCESSING ‘%ﬂl E’ﬂ!i*“ PCR 24
FnP501 mass 31708 == EM2E
FnP502 mass Shoot-47j -

FnP503 mass Shoot-67} -
FnP504 mass Shoot-87j -
FnP505 mass 37HH =R EMzig
FnP506 mass Shoot-17j -
FnP507 mass 597N =2 M
FnP509 mass -
FnP510 mass A

1% 23. FnP501 - FnP 510 vectorE ©]-&3% &2l JAHEA MNds 9% st &

e

10700 digh =& FAHSA NS DA+

E 11 vpolemarh F7kE FAASA NS S 5 FAAEA AL
A FnP501 | FnP502 |FnP503 | FnP504 | FnP505 |FnP506 | FnP507 |FnP509 | FnP510
2 - - - - - - - 250 250
78 8] 2~

o 53 17 184 217 72 67 48 - -
- = A
shoot
o 17 93 133 93 73 10 16 - -
L=l A
shoot <<l 2 4 6 8 1 1 3 - -
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&3k F
onns | O - - - 3 - 59 - -
3-2. FnP501 (CKI) 325 o] &3 ¥Z¢ A8 A ] 13d &4
O 1xpd ol 22k d o H‘?j};} FnP501¥E o] P23 /A= LMO Auf v ah-22 0 A]
A5545 A (1" 24, 25)
O AXF5A AR 44 6“‘%4% X Zefol ofAY ¥ &Y A S EHEASF (1
26, & 12)
O FAAEA L =7 kgAY 71442 Fola7h fldou, FnP50l FdA8kA o] 74
T, wAETE oF 2m A B2 5EAS THAS AL (GE 12)
O CKIl #4718 ¥Z# 9 Hardening ¥ 416%, 387¢, 203¥] A4S ZAHFAS(1H

27)

I
416DAH

|
!

19 24, FAASA pde] AL&E FnP501(CKIL) FAAE o] &3te] A2kl 3
3L4 9] Hardening ¥ 416¥ 9] 233 4.

1

|
A

1
1"'1'.‘1"LI1

1Y 25, FnP501S o] &3} 125 ¥ 22 @ A3 2] Hardening § 3874 9

o 947

il

Lit:\

1_



1% 26. Hardening ¥ 416¥¢°] Av FnP501(CKI1) & 2&

gk
gk A3 CKIA=Ae] 74 47 WT A EA R 71 ¢

i
416DAH 3837DAH
2.4mm/day 1.6mm/day 1.3mm/day
Growth

% 27 FnPBOl(CKII) RS

EE e 44 Aue w96
Hardening % 416%, 3874, 203¥°l 434S 439+, FnP501 2 d&A9 ¢
Qe wae o ALNRIAGAR FolsAol ATl B2
URSE e

2] 2] Hardening *]7]°l

3 12. FnP501(CKI1)® WT ZZ¢]9 A &3 7}A 4 vl
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Measurement WT CKI1

Stem Diameter (mm) 8.59+0.12 8.61+0.13

Number of Branch (EA) 3.70£2.3 6.30£2.5

n=34 of CKIl1 and 35 of WT.

3-3. FnP507 F A& o] &3 x50 FAdsA ] 1dd &4
O RabG3b CA(FnP507-01, 02, 03) - = Q
xdGE AR (L™ 28, 29, 30)

>
>

X Z2o] i3 Hardening ¥ 218¥ ¢ %33 &

13 29. RabG3b CA(FnP507-01) 3 4%
AL

e

Z 2] 9] Hardening % 248 9] A

Ho
)
=]
r (
oftt



218DAH 161DAH

161DAH I I

19 30. RabG3b CA(FnP507-02, Top)et RabG3b CA (FnP507-03, Bottom)oll thdh A5 Al
719 g RdYPY S A S

rok
B
ox

O FnP507 @AA&A ] 45, thx79 FnP501 FA A nls| Ao]yio] -
<= YERSlE (3 13)

3-4. FnP5013 FnP507 & FAA&A S 2dF vl £A4(19 31-34,

# 14-15)

[

Hummver of B ranchi#)

13 31. FnP501(CKI1)® FnP507(RabG3b CA) 378 &Felo] st 7}A

S EE R
FnP501 @A A8A e ¥A57F 953 ol vpelovlz Zojzt 7o) 2,

3F 130 oFAE xEeloh FEAE ¥ Ee(CKIL, 507-01.02.03)9] 77 ¥
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Plant Average of Growth ratio
Length (mm) (mm/day)
WT 73.8+1.76 2.4£0.17
CKI1 71.8+1.75 2.210.17
507-1 82.7+1.83 3.610.14
507-2 76.3+2.21 4.310.20
507-3 92.8+2.62 5.610.20

MeanzSE.

Length {(mm)/Day

Aol Spste] %A A%

(19 24, 3% 15).

)

Length (mm)/ Day

«A =B C

10 20 30
Number

D

19 33, FAAS xZele] FAAE(CKIL RabG3b CA) 19 Aoy =4 A; 507-1, B;

o507-2, C; 507-3, D; CKII.
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0507

E501

ﬂiiﬂ_h

100

=3
o0

8

o
+

=]
o~

(%) @3ey UonNqIIsIQ

o

81-110cm 111-140cm 140cm 0|4+

51-80cm

50cm O] 8¢

il

3-5. FnP505 >2&¢

O CaPUBI1(FnP505)°] th

35)

tel LMO Al 327l

s

=
=

348 59

19 35, FnP505(CaPUBIL) 9]

A%

pEA

gt PCR

A kA o o

¢}

37 3%
xEY

3-6. FnP501, FnP505, FnP507

N
ol

il

A& (28 36)

B

jrase]

o
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FnP501 FnP507

No. [&7] &7]| Zo No. Z7] &7 4ol
1 11.65 98 19 7 .81 53
od 10.36 103 29l 9.38 106
39l 6.92 67

34 8.32 89 411 9.66 117
4 9.5 92 5 10.78 143
54 9.08 91 611 7.93 85
79 8.08 82

6 9.11 72 Ll 7 86 91
79 11.14 113 oW 11.77 134
109 5.53 79

owl 9.44 96 REl 10.5 93
109 10.04 69 12 7.98 44
6.6 149 9.7 112

129 10.4 68 159 9.38 113
169 7.67 33

139 9.4 64 179 11.4 120
149 10.4 88 189 8.03 98
EE 9.92 124

159 10.92 67 2001 55 54
169 9.89 73 219 5.08 46
179 | 7.92 52 2231 7.5 67
231 4.31 68

19 8.68 59 259 575 71
201 11.57 88 261 5.5 72
27 9.52 98

22w 10.18 47 309 235 89
231 9.51 48 314 6.5 76
25 - 4 334 5.64 83
5 59 ° 359 5.37 64
26 7.25 68 379 58 69
279 8.68 52 399 6.43 70
409 5.21 62

299 7.95 54 42 5.8 77
439 5.62 93

309 7.43 69 VA &> S
321 8.76 62 459 8.8 83
364 6.16 69 46 5.04 58
479 7.35 78

391 6.88 61 48 6.96 49
429 6.03 79 509 5.63 66
51 4.32 67

439 5.87 51 =5 535 29
449 5.42 39 54 7.21 68
459 | 5.55 69 55%] 8.32 108
56 8.02 83

461 5.48 79 574 8 11 36

N
o
oz
o
i
35
i
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FnP501 FnP507
o] £X%
T H| & T Hl &
50cm "%k 3 8.80% 3 6.30%
50-80cm ™| %t 21 61.80% 21 43.80%
80-110cm "] gt 9 26.50% 16 33.30%
110-140cm w3t 1 2.90% 7 14.60%
140cm °]¢ 0 0 1 2%
FnP 501

= it Ry ey

PCR condition : 95°C-56°C-72°C / 30s-30s-60s / 35cycles

Primer Oligo mame Sequence (5'----3') Len | Tm

08-01 nptOF geagnggctattcgactatgac 62.1
08-31 barR_EY (nptR_EY) gceatagangacaatece 18 | 582

[
[ 5]

a9 36. FnP501(3170#]), FnP505(371A]), FnP507(2071 Aol et &2y =84

W E] 50] primerg ©]-&3to] PCR 4.

O Hardening ¥ XA AH5F< JAASA 2 PCR #
— O

= gl
o} dAgte] =dE FAAIF g H o W 9; & :;lo

=
2kA 9] insertion siteE st ¢ 3H

O Jh¥rEl FnP501, 505, 507 & A 2l inverse
PCRGPCR)& 33te] SRy A& A7|AdgS B35S
O FAAZA FHA AAAA7F dEH, FAA2] interfering o F-¢F &4 7|



A

9 37 mpolevis SHE 9% EZF FEdE

H~l

H
o | LEEENAYEE) Doims gy EE) W siol An
. -HOISUA U BN - SEYE UHEN - OME g
ass RExame oME 94 BN - wXXHAY S
ﬁ UHE ey - ERAH AN 2y
-CKIL 22| gEHa
Ho| S MWl go| - B X A 3l
djoouiA Fof B A ol B0 U I A MAE Y Aim
gumsg e wH s 2%
H% AT - RHX: CKIL CaPUBL, - M2 REX} SIXlgt - SEAIRO L2y
% EtE RaG3b copy & 9l F7HH9l 2l6id
SE YUWH FNS  -EXMENHEH Y  XEaw
SoHOMIE Tu MU SEYH WHO O - XH) B9 AN
e A& 3 Ay S0
#|% oM B
B A 1EA30 FBBE | 26720 A 7} A Q0
e [2009-2011] [2012-2013] sig Tg

a9 38, & A 29-A(2012-2013) 0l A = A
vaash Bes e 3w 54 EaE Fd 4E olue

O FAAAA Y =9 FAxte] fAIeF A A] TAS £Ae] el =9 FAF specific



primerg A &Fsto] A48 o
O 7z} ¥AH3A 2 genomic DNAE template® 3o} 13 =9l A7|Ad
insertion siteg &1t (18 39-41)
O Cytokinin-independent 1(CKI1, 501) A 323}k
&S BLAST searchdste] ¥ =29 genomic DNAY S

i=]
14

1]

o
off

XZe25FH gr3 iPCR 9714
o159 &

O HAASA 505%= C. annuum putative U-box protein (CaPUB1) - d#7}F =48 L=
2 iPCR 23 ¥ flanking region #+2jolA Gz Adwtd fZe] JAASA Aol A
A=

O XZ¥ PFAHEA 5072 Rab GTPase (RabG3b) Fd A7} =€ FAHIAZ iPCRO
olal] #AEk A&

501RB (Hea II) (501rm ¥ 174bp)
GECCTCTTGAAGATGATTTGAAGGAACACTCTCATARACAR
Healll & GAGGATARAGATGGCARAGAACATATT GAATGGCACTCATES
AGTCCGCTTACTGARARCCTGGTTARARAGCARAACAYTGGGE
E § - TCETTTAAGMTARAATTGTCGT CTARACARATTGACGCT GGG
BEsae - GAAAGGGCAG <======= FnP501 RB---——-
3 —
501LB (Bgl II) (5011 %E) CACAATATATCCT
. GCCACCAGCCAGCCAACAGCTCCCCGACCGGCAGOTOG
Hmdms I Balll GCACAAAATCACCACTCGATACAGGCAGCCCATCAGTCC
P 9 B e e FaP301l LB-—-—-——= 4
GACGGCGTCAGCGGGAGAGCCGTTGTAAGGCGGCAGAC
TTTGCTCATGTTACCGATGC TATTCCGARAGAACGGCAACT
E E ARGCTGCCGGGTT TGARACACGGATCATCTCGCGGAGCE

m i TAGCATCGTTGATTGTAACCGAT GACAGAGCGTTGCTGCCTG

TGATCARATATCATCTCCCTCGCAGAGATCCRAATTATCAG

Intergenic 93bp

Popuwlus trichocarpa cytochrome P450 (CYP705B2), mRNA
Length=1964

Score = 131 bits (144),

Expect = 2e-27

Identities = 77/80 (96%),

Gaps = 0/80 (0%) Strand=Plus/Minus

9 39. CKIL(601) FAAF dAA3 229 insertion site &<l X FH Gr|Ad EA
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S05RB (Alu I)

(505RE HSF 398bp)
AGCTT T TACTATTTACA T GAATATTTCACGC TTTTCTAATTTTATTTTTTATATA

TTTTTTATCATT TTCAT CATCARATTATAT TCAACGET TATTTAGATTATCCTT
AAACCARCTACOTTCAC TARACCACC TTAACGAAAAT TCTCAAATCOCT TEAATTT
TAAACTTGAGTTCTACAATAAGT CAGCTT GAGACATTTATT TTTCAATCT CATT
CoTATTTTTTTTTTATTACT TAT CTACTTGTTTTTATAT TAACAGCTCTAACTT
CTATTTGAGTAATTTTC GTATGT T TACAT T TTAAAT CTACGATCOAARAGARANAG
ATTTGGGATGAGATATT T TT TCTCTT TCAATT T TT T TC TG TATCTT T TT TAAC
TAAATTATCTtTGAACT TCARAACACTCATACTT TAAAC TEAACGCOCOGARACTA
CAATCTGATCTGAGCOGAD < ——————====== FnP505 RB ---

Populus trichocarpa clone POP0G4-EDS, complete sequence
Length=93762

Score = 89.7 bits (98),

Expect = 2e-14

Identities = 163/232 (70%).

Gaps = 5/232 (2%) Strand=Plus/Plus

%Y 40. C. annuum putative U-box protein(CaPUB1, 505) F#z daAAds EZe 9
insertion site &< ¥ FW FVIAE 4.

S507RB (Taq )

(507 RE ¥ 113bp)
THTTAAATATATTTAARGTTARATCGACTAARAGGATARCGARGTTAR
TCAACTCAAGTCTAGTCAAGCTCAATATT TTT T CTGTGGAT CAACTTA

AAACAAGOTAAGGCTOT €=——————————— FnP507 RB -

1% 41. Rab GTPase(RabG3b, 507) A A @A A% X Z 29 insertion site &1 2
A7IAE A,

N
rE

O iPCR=Z ZH3F G714 E &AM Fd A 5013 505+

EZEZ#9 genomic DNAZE 3}
olFom 5072 EAMH A7IAge A3k gl I FUF FRE Y AL B4
zol A&

=
A0 A2 ol A4 A &3l intergenic reglonoﬂ smgle copy = AF¢d)el §-g
A3ste] o|WMEE MAstaxt o

EQ e kA Il oFE EIstr] 9ls iPCR A3 gEe
genomic DNA @7[4 &3 =9 Ao A7 LS o83 specific primers A 4HeF 3

o
=
O F /M9 primergs Z3¥3st 33 PCR AHES o83t FAHAEA 2 A4 HdS

448 & A%
O M FHE AFPPL ol gote] AuE FAAAAET BAY A, A0 FAAA
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M1I2IAFE

A3 WE 9 genomic DNA specific primer

(€]

19 42

i

-9 (mass)® S7F< 2

=
[¢)

T
T

% %F(weight)

9 =

i3

2 A

dlol ol Fult w

47%]],

o A

Njo

p—

0

"
0
B
BH

o)

amel set

§—_]_,

=
o

o= A 7}

o
!

H}o] @ of | 4]

-
R

O E4, nlolow~ FU&

Njo
)

A 34 9 lignin®} cellulose

B

—

0

ERE

of walw

<

314 who] @) -

el 3}

Z

B

TR

op
‘I—._
S

e
G
o)
jzel
o
oF

iz

=

)

22!

307

501

Sample

47.240.12

475:0.17 451:004

45.3+0.13 46.5+0.08 47.8+0.04

L¥

63007 eas008 64008

H

14 #012 151011

1.7 #0.18

1.3 £0.05 2.2 +0.04

14 +0.11
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o] &g FANA lignine A && THE f& AA FrE ook

Tl ez Hd3E = cellulose S i—'ﬁo}ok s}
e = =4

O
=)
)
>,
jus)
=
ol
ol
N
o
e
—_
e
,
Y
o

[¥ do o

T4l 284 HASZE lignin cellulose $HS

& 2 A $A (501, 507) A cellulose o] =S (19 43)

=

1 Year WT
Cellulose 39 51 51
Lignin 43 31 30

M

Y 43, A AZA A 2 lignind} cellulose $HaF W], dpekd] HE {-7]2HO0OA) & F
B9 &

=

o,

Sk lignin 2 cellulose 4]

Cellulose 39 -> 46 51-> 41 51 -> 52
Lignin 43 -= 35 31 -= 44 30 -= 36
oA 18-> 18 18-> 15 18 -> 12

a9 44, 234 A A lignind cellulose 3% vl Fo] 3AE = 1d A 2d A 9
s}
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oo

O tzT& 2d4A cellulose?] & 7% S7skl L, ligniniﬂ ghafe 8% frashe]
Fel Skl wek cellulose ol T7Fehs Ao 2 WES)
O W] 501 FAASA = cellulose S 7FA3Fal lignin %L‘%k% =7kl =
O 507 FAHAsA = 2d oA lignin#} cellulose o] RF F713t5 e
O o]l¢} 2 lignin¥ cellulose & W37t FAAIA = S5 2 FoAd A= W
1A & X|&A o F BAGIoof & HQAo] 9L
O thdA E=Zvjo ddA A9 lignind} cellulose 3 vluw:= 19 453 728
= lignin ® cellulose » organic acid etc.
BN
| | | |
—
i I S
B
307-1yr | | | |
1 1 1 1
N I
i ——
501-1yr |
A [ N
WT-1yr :
0% 20% 40% 650% B0% 100%:
a9 45 289 FA(BN)Q lignin ¥ cellulose & H| L
ASEY B4 2 GAA8A A
O 19AloA Adty FAASdAe HAHA S EXHS ZAE Y& d24d8A & 2AA
B} FnE ZAse) Masle
O 7 FAADAY A P} A 2AG 144 S BA dolA lem FAE 243
of HlusPg o Fie= EY THAARYH M 11 E71E5 SAHSIES(F 17, 18)

Diameter
1 2 3 4 5 6 7 8 9 Mean | SE
(mm)
WT 854 | 788 | 875 | 8.69 _ _ _ _ _ 8.5 0.2
501 865 | 855 | 872 | 902 | 877 | 798 | 9.12 | 7.87 | 8.67 8.6 0.1
505 743 | 807 | 855 | 10.23 | 844 | 863 | 862 | 10.03 _ 8.8 0.3
507 762 | 798 | 755 | 813 | 798 | 833 | 754 | 7.88 _ 7.9 0.1
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A=
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gate

46-489} g

o

ke
S«

Eil

B

B

HEsdg™

b ol B

PCR IjHHE

94/101

58/70

34/36

=R

101

70

a6

FEX

CKI1

CaPUB1

RabG3b CA

a4

Z

I

i

A5 =2 Event Z719]

<H 7

bo A 3

S

A4

A & 17

al

U= A

49

xx% ZZF biomass =Tj

ofy
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- f=A0 Hjsh X += &7}
32 | =3 | s
=3 |1:L4,4-ki.2 118.2£3.0

501-1 501-2 501-3 501-4

9 46, 12 AE A ASA 501 Bl AP} 54,

- [H=10| S8 E Z7}
F & [ o=z [ sos |
£ I 1144222 : 113.313.u|

305-3 505-4

a9 47, 13 vt FAAA 505 BHole] EART B4,
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dx]

Adtel x5 JAASA Y = F1A A gl L b Al I E

Argl 501 dAAs MAZRE 53 left border X199 iPCR AHE9] d7AdgdS &
A e FolyE d7IALE o] &5t BLAST #AAZ¥ thexp o] ey e(1dy

AATGGGGGTTGGKTTCG CTTTTAGCAGTCTTGCGCCCTGAGTGCTTGCGGCAGCGTGAAGCTTATCGATACCGTCGACCTCGAGGGGGG
GCCCGGTA AACCA CAGTACTTTAAAAACGTCCC ATGTGTTATTAAGTTGTCTA

TTTGTTTACACCACAMTATATCCT
ATCASYCCGCTGGAGACGCTCA
ATCCAASCCGTGTGATATATACCS

AGSCAACAGCTCCCCAACCGGCMGCTCGGTACAAAATCCCCATTCGATACA
CCGGGGGGGTTGCCCTCGCCGCTGGGCTGGCGGACGYCTATGGCCCTGCAAACAAGCCAKAAACGCC

SGGGGGATATCCCAGGGTCTGGTGCAAG

Seq 1: 501 Vector2} Alignment Z 1} 90% % X| (&7 - Left Border)

Sequence 10: iclj49407 Length: 398 Number of Matches: 1

Range 1: 16 to 371 Graghics
Score Expect Identities Gaps Strand
511 bits(566) 3e-148 323/357(90%) 1/357(0%) Plus/Plus

Query 6594

CIGAGTGCTTGCGGCAGCGTGAAGCTTATCGATAC €653
LI 1

Sbjct 1€ GRAAGCTTATCGATAC 74

Query €654 CGICGACCICGAg €713
P11} it 1

Sbjer 75 CGTCGACCTICGAGGGGEGEH 134

ACRASATCACTACTCGATACAGGCAGT
: | YT

spjct 135 CATICOATACAGESAGES
Query 6834 [ATCAGTCCACTAGAGACGCICACCGGGCTGGTIGCCCTC

Sbjcr 255 Lt svd WL EEAREN R A L

Query 6294 (TATGGCCCIGCARACGCGCCAGAAACGCCGICGAAGCCGTGTGCGAGACACCGCGS
Sbicr 315 :-‘alsscr‘::-‘scian:anr‘.ima:“c::‘:n"::n; CCGTETGATATATACCSCES
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- ACWAGAGACGCTCACCGGRCTGGTTGCCCTCGCCGCTGGGCTGGCGGCCGTCTATGGCCCTGCAAACGCGCCAGAAACGCCGTCGAA]
GCCGTGTGCGAGACACCHCGG//GGGGCATATCCGAGCGLCTCGTGCATGCGCACGCTCGGGTCGTTGGGCAGCCCGATGACAGCGAC
GCCTCCAGGGACTTCAGCAGGTGGGTGTAGAGCGTGGAGCCCAGTCCCGTCCGCTGGTGGCGGGGGGA

GACGTACACGGTCGACTCGGCCGTCCAGTCGTAGGCGTTGCGTGCCTTCCAGGGGCCCGCGTAGGCGATGCCGGCGACCTCGCCGTCC
ACCTCGGCGACGRGCCAGGGATAGCGCTCCCGCAGACGGACGAGGTCGTCCGTCCACTCCTGGSGKTTCC

Seq 1: (501 Vector2} Alignment Z1}): Left BorderX|L} A BIE{ S 21} 98% % X|
(*Left border; 6740~6770bp, CCAGAAACGCCGTCGAAGCCG)

Rangs 21 1 to 108 Gagha W Nwex Masch A Prevocs Masch § Pt Masch

Score Expect 1dentities Caps
150 bats(210) 2e-51 106/108(55%) 0/108(0%)

Query 6243 ACTAGRGACGCICACCGEGCT

Sojer 1 ATHAZRGACT

Fapt [
42-161

& 086

a9 54. CKIL(601) #4#F &
search 23, 4] F-9 4o

O border A2l iPCR AtE9] dA7|MIdS A3 13 golyd A7|MdS o] &350
BLAST #AZA3}E 7122 sho] 2HA43% A4 $1A+= o3 o] = AS(29 55)
; Z2 A LB
@ Pnos NOS Prototet t NOS

c ;

Populus trict
cytochrome P450, m

Unknown Populus gDNA B

Unknown Populus genomic Seq.
(Intergenic 93bp)

19 55, CKII(501) FdA #2438 =29 insertion site TH A7|AE 4 A3E o] &
sto] FAAZA ] FHA =S YEhH B2

=

i

Egde i gdstr] s =R}

genomic DNA specific primerE A 23S (19 56A)
k=)

[e]

O AZ¥ primerE ©]&3 PCR #HA A3, FAAIA S genomic DNAE template® AF-&



(29 56B)

T mT W WKW wT T T B
s 3 S - = S
£ r R S e N T =
=% Q e i il o wl Oru ) 5
a £ T o W L R oz Qe
3 5 T o o K T A%
ew ﬂﬂz i) g Ho ™ i,._ 2l =T

s ! T o~ W A
& dlo S N o7 «| m o Y Nlo o °F
i o L T - B o®m o
£ y LR R I o . A
£ o i s T T A E®m W B
—_— 0 [ s =0
e K IR TR : S oy
sa N oF ol X X T B op op A= S 2
o a - S S Con - It
Y% I 5 N o o) =~ X° 5K of =
[y o ) iy ™ N T N
PE o 2 ™ uolo#u}ﬂéﬁmﬂdﬂwa S
ﬂ = o o MM,_L/IIE ) Ro W 1HUr
HE o s Ko~ o XN Mo B o % 9
B 5w g WhTeert e fw
s — w5 ) e R R & T
g5 X Frow RER L mew =L
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daAel 271229 vt 19489 45, 92424 2kl B7F izl v CR =4
of Hitisl HEe SAHA 3dYe] A5 f"éé{%‘r 2kl Rtz Abol o] et

d sejo] MGl weh dxTel gAABA ALl A7), BE FolA A7

3 Azpe] Wb (o] o] 2] = aﬂv} ¥t 01]”)
o] M=ol A= & 7F e ANA AAL v (EE)o] HHES oF = Fo=
e
O o]#3t FAS developmental homeostasisoll 93 A3z Fkslo] vlo]Qumj~ Zi =
Ak hdA HEF(EZH)Y FHAASA e A, =dAAe] FAdd 54w
AEEAS agstoof S A&
¥ 20, 2ZH9 g wpE vlo]oufja AR k(%) WHehx
1 Year ___
Cellulose
Lignin 43 31 30
OA 18 18 19
Cellulose 39 -> 46 51 -> 41 51 -> 52
Lignin 43 -> 35 31 -> 44 30 -> 36
18 -> 19 18 -> 15 19 -> 12
Cellulose 39 ->46 ->42 51 ->41 ->45 51 -> 52 -> 49
Lignin 43 ->35->40 31->44->39 30->36->33
OA 18->19->18 18->15->16 19 ->12 ->18
# g ady AgR e~ gl ko r A on #F7]4H0A) dHS Eed AA)
shaFo] H) g2 ke g S
x Fo] WE Alg AFHE FL AN 172 cm =712 370(eF 1g fresh weight)ES A3}
A
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501A-1/4

C
3.5

501A-23/4 501B-1°4

501B-243 A4

3
2.5
2
15

3.102

1

Expression of ckil

0.5
0
0 T

i I

WT

4 (B, O).

2}21(501B-1, 501B-2)ol Al 4= o

=
T
=9 gAde way

=

501A-1 501A-2 501B-1

A and B; 29, 1 and 2; 4. <
w2 uke ek X}O]% 2.

501B-2

27 gEFWDS FRA% EEHG01A)9 AiRA)T 2
4 FAAT HE FY

EREE D

5-6. 50 We FAABA AReH 54 24
O FHd mE Z/x49 AreE 4L vass] Ad 194 gET 3
%7) 24& AL AR A
O 144 A%, FAADA 2 B/l hETU QA 2ol Aol s EM £H o] vl
A Aee HAY F ALY 59
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[28 % : Brachypodium % MiscanthusE o] &3 ulo] Q. nj

Tl e 543 developmental homeostasisol 93k A5 S 1fste]of &

[»
olN
™
b
i
=
i3
re
-

7}. Membrane-bound transcription factor (MTF, 923t ZAIAL) ] 7HE Addd =24 A
:?.

Membrane-bound transcription factor (MTF, =A% A A= AXE ] A A o

grelo] Uyt oF 374 & AE A L dd G ¥stE QA st doR o]F

4

3 T target HAAY] BAL 2R wAPolT, FAFG AAAAE BAWUSE W
AAFe] AET AL U ABADL F5EA s Fo AAUZA Aoz A g
o ® ATYlAE AEAN Az $AF AAA4EZ B L mustgon, (&9
AFE Falol AT Al 487147 YBA guE Exeta ek 7 e
NTLG §AA4E AL, A%, Q8 45 25z 5 0gd o3 47 25 s dess
gEde HAg ANAARA Bdel @ we zasttd A4 wse e

conformational changeE Rl Ho=z &elx Uth
2 AFdAE NTL6 @ o] 7He A 34 ol A
Ik Wb Ao A SnRK2.6, SnRK2.6, COR15a to:j e ~Ed2 Hh
o] F7tetar, =1 A3 7HEo| gk AdAdS Btk SnRK2.8 kinasexw A& - s
S99 A AT HYE mediatorZA, JJ:L ABA receptor component® 7]% gth=
Abdo] wag wl ok wAg AALelkel SnRK AlY kinase’l #3] %7] A& QAo #
stob= ol A%l NTL6%9 SnRK2.8 kinase 7Fe] A& 285 @218ttt NTL6 #
AFQIAE2F SnRK2.8 kinasew™ A2 4% 28-S 31913, SnRK2.82 NTL69 142 Thr residue
SolA o2 glitstetdtt o] 59 AsterA Ve FFE 4 kol SnRK2.8 I
AA= 7HE ALAAS Hols W) snrk2.8 A Wol A= JHE # ks
NTL69} SnRK2.8%Fe] 5282 NTL6 AT dAIALe] 8o 5o 9@} 71%5& gk

pEs

2

i

e

NTL67F  snrk2.8  =dmolAlel  FAHAM | (a)w (0) rrambrans
142Thr residue’t mutation ¥%1& W NTL6<) o -
ol oAH NTL6S 7Ha AdHe| g | | NTLG
NTL6 #H32adsh snrk2g Bdo] wujale] | £ ’“ Pp—
A AsE AS s NTL6 Quste 4% | & st
AFAgel Fas Azdd WAUFIE AN ¥ N}
Ak Qe AT AdeAe Al A | Rl @

Ze Az Adadts A3 Asds Q| > W ] e
A8 27 w0l U insight® Algeiel | 5F 2 SIAK2.E0 SR NTLO Bifet 2
G MM 2 oo} dekd 2) = 0=

1}, Brachypodium & & d3% % Artificial Zinc Finger Nuclease 7| AH A

Brachypodium(&£7/132)2 A 02 oA 59 vlo] oA grass A=E3 wl$- FAlsH
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7] W+l Brachypodiumel A o] A+ A¥= vt2 oAf Aol o] §-o] 7}%3}4. olef g #
o A1 Brachypodium €17 A 59 vloloodx] & 7o H=Ao|t} (Draper et al,
2001; Garvin et al, 2008; Brkljacic et al, 2011). Grass d7-° 2o} 1 7124 o &9
stvbe 54 e AEddA s A7)7F &olgk v 54 {271 knockout® =AW
olAE A7} A Zthi= Holt}h o]y EAE s|AsH7] $15}e] Artificial Zinc Finger
Nuclease 7I'H< Z={istarar &t o] 7|HE F=olA] ojw Bzl HQla FHLol of7]%
ol = o] 7[He] H&o] A& nuprt vk (PNAS 102, 2005). thrk o] 7]H e g 34 <l
&S AElAE L' &9 Brachypodium 323 A ~glo] JgA ot} wpeba] thgo o

o]

ki

Hol fFr]ZHel AIES 33 o=2H Brachypodium 7A€ AYPst F28H4
AT olQo| = FAAG Axd" P22 93 A ExF wjYd #Ad AFELE WIS I
AFE2 o]v Brachypodium 175 A2, Htole &5 Bty A+

o},
of

FUE rl.m

T4 Ql marker FHA MY AF AFE EE‘B‘V]J— 3t th (Hong et al, 2008).

(1) Brachypodium &2 43k A4

)= USDA®S] Vogel ©AlEH O 2
- e A A& o}
Agrobacterium-mediated 7] & 3R
st Soltt. WA HME ddew o
activation tagging mutagenesis -
o o] &AW pGA2715 vector(FE &
o & AFAAD Y FEATFTD)
£ o]&3}9] Brachypodium 9 23t
o] 1= glom, AA callusell A <]
GUS report expressions 221319 oL
(s 3), &5 FAE olvlel @44 | 9@ 3, Brachypodium &= &. pGA2715 vectorE
A4 = Oé% T Ue Ao dista | 0|28t 2 GUS staining2 £ callus @& &&=
Ak EEAQ FAAG Axaglo] ¢ | HOIGHAL
= %W, miR156, TOEl fFHAAE o] &
St A AFPS st ol =9k Ho A9} o] activation tagging mutant pool
SHE fste] it A A= FPFo e FF Brachypodium A7+ & 9
Aok 22 vlol YA grass ATE A3 = S Aol
g &+ o AAIA Q] Brachypodium¥ SAfe] @FAdgE A~ 55 9t A8 Y
AFFAE S 088 f77]4 &'Eﬂoﬂ‘? AN2-8s 8o =zH 1989 A A 28S
TE5ot, F7HE FEEHE FE&FAAEY A Aol ol &t AHHAL 48 F

Al &)

(2) Artificial Zinc Finger Nuclease 7] S ©]-83% GI knockout mutant 7%,

21 Z o] UM A (vegetative phase) TFS $3Fe] GIGANTEA %A+ knockout
mutagenesisE HFXZ sl Qo A& FEHo ARG wFe FeASER A|AHS
[e]
T A A

AgstE Folth. dAl Brachypodium 23 E] GIGANTEA FAAE 2elstga, of 713
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o] gi mutantE ©]-&3}°] complementation test’} 38 F o]t} (Hong et al, 2010). o] #H=
Aol 7 %W Artificial Zinc Finger Nuclease 7| < % 83}¢] Brachypodium¥} Aj ¢
GIGANTEA f7#F9] knockout mutantE X317 $8t AFE st Q).

o] Artificial Zinc Finger Nuclease (ZFN) 7|H 2 &3 QI7+& o=z 3 FxdA}
A5 Jokell oA FHZ Ada Q= AT toolo]‘ﬂr. ZFN® 34 2= 5971 target
o2 A3t et fFARe dUIA Gl Ho]AH o2 double-strand breakEs =3k A o]
t}. DNAc] $£Ato] dojupd AA Yo A+= AA| & o2 7333 repairing mechanisms %
FA7]= ° 2 thE A<l Z o] homologous recombination (HR)¢]t} E3] ZENI 0 &9
Aoy FARe] GgAel A7 ES donorZ A FTH =2 &2 A3FHdAEe] zHE
vhgo] Aoy wio] AR 5ol
o] &5 7%= (1™

f =

[o

Z1EAE olH’ de= gene aae O
1 " [y NMNMN M I N "
correction®] &34 l:r A7} 2§ 5 NMNNNNNNNN I NNNNNNNNNNNNNNNNNNNNNN 3

3" NMNNMNMNNNMNNNMNNNNANNNNNNNRMNN MNNNNNNNN 5

HAEE FHIdE FAAAEERE o
Yz} gene knockoute]l = E= s}
o}~ %Z‘,%] of A ZAA A &3] | qg 4. Zinc Finger Nuclease (ZFN)2 2 EX (10|
& A knockous A7 953 SIE10] = 245l 3ngerot & 16-bpS SOIH
© ¥ 2E monocot plantE M3 oz oIxiH ECH S ZFN ALOIO) 4-6bpel 22t
of g9} & nio]l oA grass| & S nuclease domain0l A S Z CHLIH =
2o A g3le] 3o nlo]ooyx | = [ cleavagelt 2L H 2 E82= 20{LL
grassd 7o 97 24 =
Zw® AFA I A Yot
o] Ao H4FE HslAE nE&9 FHEHE Alxdo] AFHo|n mEpa o] ZEN
A 4= Brachypodium¥} AAje] A A% A9 Wy ojof st} 2 A FA| AFoA =
GIGANTEA F#AAZ o]&3F9 Brachypodium® gi mutant F& S A|E3ta, o] 7]H o]
AYEH 02 FEHAAEd e ZFN A4dx Fastux AFsta gl Oﬂ”ﬂ 2k
FAARERZE M3Hr 7] 24 FT 329 LEAFY 42 o]t}

-

By

(3) Brachypodium o258 A 215 x4 {7312 &

AN &= gFEe A ~EY s Udt Aado] =7 wio F7F A2 A
< 297t gle Aotk ouk A2 99 =3H(leaf senescence) FX 2 A A
€P7l 1ﬂ15°ﬂ Ao sk ?ﬂt‘ﬂfﬂg Zﬁ% oiw Hlo] O mj A2 Z7pAZ

Zixé FAAE a3 5 ﬁ*ﬂil‘i—ﬂ gene homologueE #e|3}aL, o] )
AAS g5 Jhetetaxt vl @A BrachypodiumS ©]83F 2 do] g Folm 7]E
ZH 4e 3 CBF FAAELS o|f] geEm=dox WasH L, o]k grass A EE 59l
A A2 A =24 FAAF v 282 Ads Ao®m st dvh (Stockinger
et al, 1997; Chinnusamy et al, 2007; Pino et al, 2008)
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(4) Leaf senescence Al7] ZHS 93 A

A A=l of7Igd et dAFAES] W, SFFE ol&d AFE TS R
o %A (vegetative phase)ol| A 5-E] A2 A & (reproductive phase) . &2 AHH3E A
Me 2§12 FT (FLOWERING LOCUS T)f##ke] w&o] F43A Z7heth
ghAl FTO #do] A= /M7t A = aA A, A leaf senescence fH
¢l SAGI2&= #=FEdAA AHE w37 FXET Ao A9 vlol ol F31ES 9 EA
BFAAo] FItstoof shAIRE st oA = A dE ook gt

wkok SAG129] ORFE FT +3d#9] promotere] w2 pFT-SAGI2 A %9
T, ol HFHAAZ FAAE AEoAE st A FTe 2de] 3" A77F &
SAGI29 Wo] gSgowM vl Fid 102 o AagT) o
Hlo] @ uj 2~ F 7 ZE 9] processing©l vl 2 A, leaf senescence® 723}

E AGTRNE AERA AR o9 deo] HY= ojgdonA 4

[P = R A )

d

N

»
-
o

o
A
o
o
i)
e
o)
1 P/ oS o= Ao

ofy
o o
oo
L o
._g‘ i o,

¥0 £
o T

g
P
o

re
re
-
2,
o)
rlr
(2
2
(o}
T
v
wmn
o>
D
—
)
ok
oX,
Ho
D)
il
2
N
o

¢} Brachypodiums thilto =2 3

ol
2

H
o 715 ASsa, 2 ANE SEEwor LH

22
oy

t}. Hlo]l QA =% Miscanthus(] M) &2 A 3g ¢+

o1 A} (Miscanthus)= @A AAHoz da AFga g
E

[e)
A 7]1E€e] A9} Brachypodium <4
AN FAAI AFE FPFoEZH Hlo] L

o FARBE AAFeE I8 Aol ATH7) ALy W AE FAARA
b4 AT FNME A% e ATA% 1A

= A
g 7lW AU AF A7k Aol AAEAT Tey gAAse] oge AwFe sy

==

ol turfgrassE% olu] @A AS A]xwo] 5o Qlu ® mpaA|ete] A A3l E
o oM E PFAHI] 7pEsitE Aol EHE T g

2 AT FAdAE F 0 AT FLS Sote] oA FAAE A" e 9 Y
A3 AP etz s, vtEn BRI Eo s ojn] EAE 9= SAE o
&5 A FAASAE A7) flste] FHAAS Ax"o] o A FHEH e AT
FARRE QT 1ee SR mRIS6E FHAE dgo @ FANG AP FA3)
Atk

oAl A s Ao st e ATATES] =% 2= hygromycin

resistance marker A AE 7}A = pcambial300 vetor Al Z~ElS o] &3+ X HAAS 2

S Ykl E=nl7F Ad Foll duk ol# s 7] wA A AZ A o] g3 o Hel FHA

E2% miR156 A}, flowering T2l TOE1L +3 2k Solm, @A miR156 3
o

o
Z} cloning ¥ Agrobacteria &2 A3 23S s}
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1o
o
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rlo
rE
olo
oX,
Ho
k1
re
-

AELo woldt X HoA dAS BUlE 2ZAYERZA A reproductivity =
g5 sl AAl e 71z 9 ubsES oF 49 Wl F7)o] "drFojofsit) off 7]
s

gl A= olglst AAE S 2dste dH T4 988 s G dE MYB domain

grroms olge BHE xdey] grow <& _
7 Atk (Dong et al, 2011). 3FA| 2 AL Eo o0 -
ol CCAl9l activity Z7Fo e =2 7 0
UFo] Bre A A ¥kt
HooAFAo = CCA19] pre-mRNA7Z}

alternative splicing®] ¢]&] MYB domain 3}4}7}
AAH  CCAIB isoforme] AAEI, o)A o]
functional  isoforme = <48z CCAla®}t
heterodimerE ©]& 224 CCAlaE negatived}
A z2dss vgy (29 1). CCAla-CCAlLB
heterodimer= CCAla-CCAla homodimere] H]
3l DNA binding affinity7} #FA38HA v, oz}
A CCAla®} CCA1BY Hl & wet CCAlad &
4o 455 2 A% A A A5l | QUL e sl 4 e
71eh XFol AAH= Aol w3 A A
CCAla®t CCA1BS H|&o] =& uwe} b Flstdirt. A =olx CCAIRe A7 o
A o2 CCAlaol theh AAEA7 astAl =, o @A A2dA F7Fe CCAla]
activity 7} A &9 Aol gk AP S =mole slolth. AAZ CCAla HZFEEA 7} wild
typer. T} =& A 2A3AS Hol= d whall, CCAIR F#EFE3A Ao - wild typeE.t} A
2o s FHeFgS FFols) Lo wz} CCA19 alternative splicing & o] H3}
Swx A& ko figh v ZA¥ = Flolth
T Ero = B A Ao A= IDD14 AAFQI A alternative splicing®] A<l 93] =%

a3 211] olg1gt 7]zto] A 2o ¢ starch metabolism¥ #H#Ho] dSS dhglv}
24 A& o7 o W 5 g AEo A A2 g ARl
alternative splicing®] Zd ¥ o]z o] A &Eo] Ao 3t HIAS ZH3= 9 +.%

A9 e ®istar,

@A]—?_]_Z]‘./] % S} ?—]- CIRCADIAN A FLAG-141G10 (ccal-2) Col-0 ccal-2
ol o Y s o
CLOCK-ASSOCIATED 1 (CCAD®4 7I5°l ¥| couHHH—RuH - [ |
# A tt (Wang et al, 1998). 33 CCA1< A 355: oAt
j_]‘l ‘—q = Z X‘] HH U‘l_ O}']/] ]:q_ j/]_%k%?:ﬁ_ i—" oﬂ /H xﬂ %oﬂ B Col-0 35S:CCAla . ccal-2 35S:CCA1B 355':;641/5
Gk Huel Aol Zrisln ool LAY oo | ole
3 AAE FH4A9] promotere]l A HFA o= A ~N
T So 2 e

3
2

* | o0

Hypocotyl length (mm)

o

Petiole length (mm)
ocrNwALU NG
=
¥
)]
(o)
S

K ¢ 42 -l K & 42 o
o o ccalﬁ, oy S ‘_ccégcd“xﬁ
e 355. H H %

PW c,o\ Cd\w al 2CC M@ (,C“w
'5

¢
R % ccﬁwcﬁ

b o
(o o

14
=
HE
:
o
£,

ul. HOS1 E3 ubiquitin ligase®] A& W z=d A



HOS1 @z e el A EQ] of7| o] &43t+= RING finger typee] E3 ligase=A
target ¥ Aol Ubiquiting Z Ao 2 1 g o] B 5 =Z3to gH thE o g o
dS 2A-sE 7152 . 53] o33 HOS1Y 7| o2 A22Ed 2 dtoA A& Ag

dE& Fost= ICElelete: 9 ds Easts ol Fage] dulAd ddew 1 99 7F
of thsA = Hre A &3kttt (Dong et al, 2006).

2 AT = HOS1O 7ol AAdA vk ofvegt st wMAYES Fah
259l A3 A7l Fods vyt HOSI 9w do] A iEd syt $48 u 2 &
M3A 7S 2RE= o Qo] 23 CONSTANS (CO) @ A& ubiquitinationdle] 713}
Al719) AdS doFith= Aol azlolth, Ao ogt CO d¥de] Fal7F F2sm oA

o

2 ubiquitin-proteasome pathwayell &gt FHoe=z Yeistom A o|xe] CO o9
ubiquitination®] hosl knockout mutantel] A AFeFE S SASFA T gk AAl 7fstA] 7]l Q)
oM wild type® A% AXZE#Zze o JHsA7]7F =ojA= © ¥EEFe]) hosl
knockout mutani= AZXE# 6 gt JfEA| 7] A o] dojuA] S B Ut
(Jung et al, 2012). o] &gk 7|22 Joluf 7haol dojup= 7ol 7|2 Adts AAToR
A A s NN 7IE JastA ZAske © 7]oste Ao g® e

ek 24 E3 ligase®2A 9 75 % olygt HOS1©| chromatin remodelingol] 3ot
I a2 wHAYES wadAY AsAZIE gAsE FHAR] FLCE 43 X494
histone deacetylase®] €& HDA69F FVEel <3 JAI=o] Uizt Ao & o
HOS19l 8] FVESH HDA69] interaction®] W&l a whebr FLC @do] F7t= o] 713}
A 717F Ad s = Aolth, AAZ hosl mutantoll A= FLCe Tdo] F7is o] lew, FLC
chromatin®] histone acetylation F =7} WadSS SH3A T (Jung et al, 2013). HOS19]

s A2 2B A 2A8AE ofyg E3 ligase ¥ chromatin remodeling factor®=
WoAEe] 2k

HH-8- 2
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processS X A3}

g 9ol s2
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A e ole

e
e due @

transition development  Circadian rhylhrn
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H ol FEY AHE EFoA 2as & Perls Perls/DAB MPNBD
T YL T stuolth. wEpA 1 gFol
qow AP sobzt & glow, o1 ol g
ol H o] o3 A FHo=
Adaf Ao 54 Faote] L o] wi| s
T AustA x=d¥ i th(Delhaize, 1996; S
Nakamura et al, 2014). 21 =9 4% & ©] ;
ee 9Rad WA, WA axw )
g, a1y 5 g sash Al o 1%3.%%;robe§OI§§+M§ﬂILHéOI%%%E!@
ol i Aoz dHA U

W AFHAAN = Agdeta st ol 3lqf wg ATEAY T ATE AE A
A ol2s HET F U FBAAE Mdstddth o] FFAAE= H o] (Fedl), Fe(Ill)
B Solfom Agtelds W 25N FFS dEdY (Lyl 3). 1 vl A= Al W
ggFoz EAete 55 o]l ZE (Ca), 2% (K), vt2vls (Mg), ¥ (Mn) &3+ W
SotA Sow Witk T Hol2 A wE FFo A7 Ao Yol BEFH v
slo] Z71etS FHelgon, weld AFHow H o] FEE ZAH3E dHo F&d
Aow 7, AA Ed AEQ f7IFHE o AAE o]&ste] g Ay H ol
o] o] EAlsteE AR izl Hrpd x4 9 o JEAA 2FMY FFs BFE
T AU o= 7S &l A= H A Wl Perls staininge] B 4o AWE
#A@dst ¢ & d vste A o] Ho] F¥seE = GAT ¢ o HolA FHE
Zb=th, &3 Perls staing Hth AL 49 HE AT F dv Aoz g#HA
Perls/DAB/Cobalt W Et} wl$- W23 HgE 22 sl =29 o] A, d&
o] b= FH S zht=th o] 23 A= ZAAHE =&°] Chemical Communicationo A

Z A Folw, W A7} QS Aoz o AE)
Ab MEA 7] 2 A Al CONSTANSO] alternative splicing®l]l 23 #F7] A5 A 4
._—r’.

21 590] JhFAI7IE=  FHA  reproductive succesE 3]  photoperiodic pathway,
vernalization pathway, autonomous pathway, GA pathway 5 T}%3F Also] 98] A wsf
A ZA " CONSTANS (CO)E= o] 7121 photoperiodic pathway©ll A €] central regulator
2 %o A3y 13T (Michaels et al, 2009; Turck et al, 2008; Samach et al, 2000).

CO A A+ alternative splicing®] 2]3te] COa®t COB, + 7FA isoform= A Hc}.
COa®] 73-%- N-terminalol] wulz-cwz 45283 ##H¥ B-box domain?} C-terminal
o nuclear localization signale Zt3 Gl -gulz A5 283 #d¥ CCT domain, 1]
3l o] & A}olof transcriptional activation domain®] £ A%ttt ¥HH COB+= CCT domain®©]
Sl Txolm AAZA L 7]so] BEalEA gkt

B Ao = 1 7]Fo] B AR &2 COBl wa] A star o, 53 COB7F
peptide interference (PEPi) 7]2Fell ¢]a] COa®l t gt dominant negative regulator® =&
o AA e FHFsta Aok AARE COBE HFLAAZA A5, COad FFrdAel vy
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= JhE A717F =i A, COa e d
Aol COBE IFEAA7IH Wbl 73
AlZ17F BA
# 4).

o

CO level

COB”7F COa®t heterodimerE 9|
COa9l activitys @ojrgl= Aoz A
Zre, stH) A4 Ay COat COB+=

& 4, CO alternative splicingtil 2/ 8t photoperiod
oIXl HIAHLIZE 24 &,

guigel gEo] %7 Aol vt o
7] A5 QA L AFA e ol d

ol 7 o] T}

=
KeX
=

A=l TS

photoperiodic pathway® 7%,

24

chp

ol =

7

A wees

T 8=
GIGANTEA (GI), FLAVIN-BINDING, KELCH REPEAT, F-BOX 1 (FKF1),
DOF FACTOR 1 (CDF1) 59 +xdzte] wrdo] AAAAC oste] ZHEth=
Attt (Green et al, 2002; Imaizumi, 2010). =3+ AN A #H SdAWHo|xEo] ©d

of, AAAIA =& HAAeIxel CCAlY 93k M3tA 7] =4 AT

5]

Fo FAREQ

dolg QA s
CONSTANS (CO),
CYCLING

ol &

pathway 7}d

(short day) A o9 oy 5ol et o= wild typeRth 7| sFA]7] 7} wkel=]

-

v AP e AANAE 2dse F
CCA1¢] knockout mutant7}
(long day) ZA A% wild typeol H]ah
MEA 7] 7} a9 oo wAs 1 o

MAHE =2
=9

= A skdY (L 5). AAAA S =

= =2

jii4

A

wild type¥} W3}
w3l ccal knockout mutantel] A 2] period
AR Rkt AxH oz @A CCAlol

M Rorr o om Q@ o o
_o'ldr

photoperiodic pathway ] A9lel 2= AAAA SAGzZA T fste] Bojgittms & 4
WAl Fgom, F714e Ads

Az O

th=

EAGES Uehdtks Zlo]l mas gt ole

71¢] #7A= photoperiodic pathwayell % = o

2o ARG wlEro 2 HA A A A A A <}

A E AT

AN

oON D O®ON D

Rosette leaf number

0
Col-0

O 5. dHAIH X0 218 HSHAID] =&,

Col-0  cca1-2 Ihy-101 ccal-2  Ihy-101

8l

225 1S &3l CCAle]l =5H41 3] repressor=
A floral integrator®] FT F7xte] &dol] AHHo =2 #Fosta Yot S & = ATt

2 ATE F3 CCAlel AAAAE x4dst= T2 76 o9l /st A7l 2dd &
Hofet dSs S & 7 AT
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Ab A ~EY 20 ok AAAA FHAAEQ alternative splicing =4 A+

alternative splicing< tH%3s mRNAZF A Al st AAF & Aoz vkl o
gl wkgate] FHA BdSs Mok d F83% 98-S ol Ak HZd= AAA
s FAEeE FHEAARE] o]# 3 alternative splicing®l 93] productivedt AU &
non-productivedt mRNA isoform= A= Hiaso] ottt (James et al, 2012;
Wang et al, 2012). webd AAAAE o] FiL A= central loop, morning loop, L&l
evening loopol I 2A X3 E 6719 FHAE AASe] 1 spliced variantsE #4 3l
B3kt

CCA1<2 497 intron®] retention® 3 E]9] isoformo] A =™, ELF3+= 2¥ A intron

o] HREAS retention®®E TS exondl Al

50 50

premature termination codon (PTC)e] 2A)3g+ P 10| T
-7 - . 5 30 30
& WRIAL (17 6). ZTLS F WAl intron| S| Tl |4 T
o] retention ¥ FEZ TFE isoformel] B3] © 12 Y= 3,339 - 43.002 10] 7, = -3.873x - 52.669
0
A F EA HES YEdE ez Bl > [PRR7 P[RR
t}. PRR79 A%, PCE event® 213t PTCE| 2= \ 30
. F2 20 \'\‘\
zk = isoform= A3t PRR9S 5-UTR9] 10}y = -3.556x - 50.184 10| y = -3.462 - 48.829
_ _ o 2 =0.9951 o 72 =0.9971
Eﬁ Z_] 651 ﬂ]i start codon94 ‘(HX] Oﬂ }“1 7(]'0]% S0 [ PRR% 50 PRRYG
. 40 40
Holal Qldoew  TOCIS 4HA  intron® | g, — |
retention®. & poisoned cassette exon (PCE)| o? 2
B ~ 10 },/g: 349629X 46.71 10 };2: 360074)( 48.29
eventE zt= AS7F dojds RISt o] 0 0
. . I 70C1a [ 70c1p
> ELF3¢} TOC1¢] isoform who] 40 40
. % 30 \\.\ 30 \
nonsense—-mediated decay (NMD) pathway®l| £ 2
target®. @ o AE= AmZ Aglen] CCAL 1(0J Y, = 3.4576x - 44.162 12 Y, 2 3T372x - 50.195
. 50
TOC1, PRR7 =8]i PRR9S isoforme| ,|&m« [ELF3p
proteing AT Ao = Wtk vhekd 4| 3 Zz e zz e
. J
~EY 2 sto 2ol §HAAES  alternative 12 y,= 3713 49716 12 Y, = 3562 - 47.266
splicing pattern W3} T3 T} 2 A e 272 WEZD
= A2 AAAA dE FaAREe] WAl g, —— | T
el ; Mol EF vrdE ko =z G0 20
4 © 2 alternative splicingS 3 W #e * ol =50 as02 o]y, = 2230 4850
Adottt= A o A w A4 AAE 0 10;2 1021 100 100 10;2 1021 100 100
]:]:] - DNA concentration (mol/ul total cDNA )
. : .. .
< alternatlhve splicing  pattern Sp7h et 8 6. MM AIH & Xt alternative splicing
g Aol FFde) o] & 53] 2 Wyl 2 2 splice variantS 2l H 2 Hl 1.
AR FHRe} 2Eg e gt A gd v}

A% Avngron, B APdn: wAH =Fo] 44 ol

rJ

2F AL A FAA7F =9¥ Brachypodium &2 A 3] A+

Aol Aed WF e W AL AEdron 1 FYHORE uS Fad
=gogd oleduA A 4B W g ohel A8AE A TN E Aol
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244 aow Agach ABAL ABAP) PAGH ALol} BAY Lo e 28
A4 wgets] A Aud /14e AgAA gk AL 9 % wEHNE FAL
Sl AL Folsh: WE FAAES WAANA olFe] BARANNE doptEs A
g3 7142 D glom, oldd e fAA WA, A9 EvATE, Eael B4,
GRS Eohui £F, oleAde B Fo| WMAE TP N By 3 U
WA AE Eo AU G 43S A 5] ANEAY AAR BP
NEAGUEGS JlA G5 Aoz AT vt

Dehydration responsive element (DRE)
52 (C-repeat (CRT)= Az dGAA} A&
2EH A G #Bojshs Tagh dAAbxd <
22 4 A Qv (Yamaguchi-Shinozaki et al,
2006). g frd#= DRE/CRT A¥d™A
¢l CBF1 (=< DREBIB), CBF2 (&2
DREBIC), CBF3 (%2 DREB1A)7} #2 %
ok A& A fE5+= CBFsE DRE/CRTH 9]
24 wofst=d], #LAAl DRE/CRTH7}
A &M o7 Hesm A& A2ugel F7t
gty =3 CBF1 AW CBF3 #dd &
DRE/CRTH9] #&2Q @& of7|A71H,
A gk AR oly gt X WAAE F
ZWAZITE (Liu et al, 1998; Gilmour et al,
1998; Jaglo—Ottosen et al, 1998;Thomashow,
1999; Shinozaki et al, 2003; Taji et al, 2002;
Sakuma et al, 2006).

o AFEAM = I A7 AMEo] e
A Brachypodium Weol = CBFs7} €485 &
AR, o5 FHA= 4, B o 9A4
A2 o] CBFs$ Aol =&& 3Helst9ltt. Bd21-3  355:BdCBFI  Bd21-3  355:BdCBFI
RT-PCR %< o]-3to] Brachypodiumel 4] ﬁ:::: ;;r;fgl\'i"jg'“é? f E;{féf j@”
CBF¢} &0 =2 +d24¢ CBFls &4
=, o] §dA= 672bpe] ORFE ¥ §31H, 209 ofv| Al 7|5 AHshs o=
k. ®3F multiple sequence alignment 23} ©] % %= DREBI subfamily® ¥+
Aoz LAt (27 7). CBF1 #}#F2& A Brachypodium® 4%, A2 ~Ed
Sk Agkado]l S7FE A, WA XS 9% proline €%, sucrose, glucose 52
9} membrane?] f&/do] WIES Sl AT (Ryu et al, 2014).

B AFE B3 AE0] FAREHAE ASE AA ALEste] AE yoA A A

% <

Bd21-3 35S:BdCBFI  Bd21-3 35S:BdCBF1

o|\ = A et

oD e

oft ¥

=

!,
fr
o
o=
£
_O‘L
rlr
2
fol
2
gt
-
oX,

2,
M
10
do
=
B
a7

Az A FdxAEs A= F =)
R on xqd 2d AEAQ €/Y (Brachypodium) .2 5-H EXAE, g 2 /3
g4 WS olgate] I HAYE 7AS Wel, A0SR E A e U E Hio]l oy A
5o FAAHsEH Y AA I mlolewja BE THS ztE 0l F83 vlolo Y
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[38%F: JA) (Miscanthus sinensis) ¥2 A% A2d 7= 2
]

7F. Aol =2k 9 embryogenic callus f+= 7 8¢

D A AT A e dA A FHEAZE Al2E RS 9gk A 2Au Y H
ALt 21S FAste] gdstaal stk & AEst 279 gYHE e FHAAES
A A 8ho)7]o vgd =S @At BE&A AEst Ala"lE dystazt
stk 2AE ZAEZE Y 287 27, pH, 2%, 98 H/ME 5o o] &HAY. E
FAHE oY 2} immature stem %S ©]|&3AY} suspension cultureE ©]83% FE

(F)F22ANTAA Fg A FxE F2 AL, ol 2=

Ab-&3t ATt o uf
st 29458 % fofetd b5 2
S 2% auxin? cytokinin®] ZES 24-D9} BA E3S 9|83}l callus
A3 (¥ 1A-B), 282 282 24-D8F BAE & A3 Axng
dxoz AdS w =A Jelyten, BAZF 017 callus fFE&O] A=

2l 43 2o AE 3 mg/l 24-DE @5 A g AFdA MY =&
a3 pHel W& A~ &S AR 23, pH 5.7 A&

242 Aom yewt Egk 2x g 28°CoAM 7HE F& AP &S EATH

ada A AEI}E YA e callus FESHET embryogenic callus %= H]&°]
Ta%d, 2 A2y AYE fFEEo] EdH FZo|A embryogenic callus H]&©o] =7
et (29 1C-D). H#F:H o2 pH 55-59, &% 25-30°C, 24-D¢ BA =3 (24-D: BA
= 173: 070.1 mg/L) Ao A& FEE&3 embryogenic callus Hl &S ZAME Ay A
TAE o] 83 A pH 57, 28°C, 3mg/L 24-D @5 A7 7o 7 £ AL AT
T AJT (29 2).

stATE A7l Z2RAA = AEs fFEES S 60% Fooz ME2 Holdon
embryogenic callus H]&<2 ¢F 30% o= 2
HA A Bk polyphenolic compound® F4
Aoz oAAFL. o] oL 3}gEe] BH|E &Fo]i embryogenic callus % B &S 3
#3Fe], AgNOs, activated charcoal, ascorbic acid, L-proline 5< wjXo] FH7}sle] callus
&S Hluste] Bt o Ad, vE HuMECdAAE 2 Aolg: WA
L-prolineo] H7}%:= Z %ol embryogenic callus % H]&o] 4 dAEE= Row 3Holgh
T AJY (2" 3). WA B AFE T 9t callus &= HiA|l 25 mM L-prolines
A7ker AN Al AT EO embryogenic callus F% H]&o] 7FF $FE(oF
41%)S IJT & JdAg. dEHo=zm A FAE o] &3 embryogenic callus

[e]
&
Z7A° % pH 5.7, 28°C, 3mg/L 24-D, 25 mM L-proline®] ¥3¥ wjx]E o] &3} t}.

A

¢
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a9 1. Combinatory effect of 2,4-dichlorophenoxyacetic acid (2,4-D),
6-benzyl-adenine (BA), pH and temperature on callus induction or embryogenic
callus induction. (A-B) Z&#]~ F2& FA A3} pH (B5. or 5.7), 24-D¢ BA
=3 24-D @ BA = 1730 0701 mg/L)ellA A= FE&S 25°C (A9
28°C(B)Al A ZAFsEAEE. (C-D) Embryogenic callus % H S FAF 23 5249
Ao~ Fo A AEstso]l 9F embryogenic callusd H&S =*

bars indicate standard deviations of three replicates.

b1

2

B A
100 100 ’ ~ 50
o OCallus mEmbryogenic callus 9 | oCallus @Embryogenic callus e\i ‘
< 80 . Z 80 z 40 -
5 b b '§ L, a a' a' ;‘ ‘ e
£ 60 - T 60 2 S 30
] -] o d d
z = = be
£ 40 - ,,E 04 |, . . g e
z -} a o ‘ ab ab
= 20 5 20 2 10 5
3 S £
Yo - 0 & o M B A e
pHS.S pHS.7 pH5.9 25°C 28°C 30°C 5 5 5 -g g g 22 %
z = 5 & > &

—_

2,4-D : BA (mgL?)
19 2. Effects of pH, temperature, and combinations of 24-D and BA on callus
induction or embryogenic callus induction. (A) pH &3 A} 23 (B) % 23
A A3k (C) 24-D9F BA =% (24D : BA = 1730 0°0.1 mg/L) &3 ZA}

A3}, Error bars indicate standard deviations of three replicates, and means with
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different letters are significantly different at P < 0.05, using Duncan.

A B
100 10
g %0 - 8 1 b
]
= a' . & ab
_='.: c c —
g 40 - 24
= b b <
= &}
= 20 5
o a
0 T T = T = T 1 O - — p— T .
0 125 25 50 100 0 125 25 50 100

L-proline (mM) L-proline (mM)

19 3. Effects of L-proline on embryogenic callus induction and callus growth.
(A) Proline®] 9]3F embryogenic callus % #H& Sd &3 AHxr F=
i x ol A wjoF 6F Zo] M~ =S (open bars)¥ embryogenic callus %
H] & (filled bars)S XAt (B) #A#~ A FolAl proline &3 ZFAF A}
o]~ 9] growth indexv Z7] Zelz~ FAe A4 7| wid & s FA
a0l & o] g3te] ALEEATE Error bars indicate standard deviations of three
replicates, and means with different letters are significantly different at P <

0.05, using Duncan.

47) AT AnEe B AFAY e G4 4B AU 2AuF D AR 4
AF AES BEAAIN, 4% FAS 0189 callus FE AFECIUh AW AR e
AFAES e e 2L olgstel 24 WMFL = Aol FeEs, ¥ ATRL

= o

immature stem % immature inflorescence A& o] &3l callus %9 suspension
cultureZ ©]-&3F embryogenic callus 2] A &35}
inflorescence %22 ©]&€3t callus FEdAAM+= v 22 polyphenolic compound
EdEe] EHlHo AFdE callusEel FA O HE AS #AFSAY. gk kst
A7} E(AgNOs, activated charcoal, ascorbic acid 5)% FEIAIA callus FEE ZPAH o
Aol AFEETHE £ callusE R A Eakch webA oA 9] Z-$- immature stem Ei

immature inflorescence %% 224X E embryogenic callus 5+ dAAF oz I&E Ao

=
2T WA immature stem % immature
&

gtebs] vl 18] 3l suspension cultureE ©]€3F embryogenic callus F24S Ax3d A

[e)
Ao F2]2 AR A3PE o embryogenic callus % &8
5

Sol it Age ngr Aedow fE zAo g WY So zAuT: oA 4%
EAE olgate] AYaZ FEE o] oAl AWMl b HFYUF z2HoR AEAL
I

b Aveld A ol AWM AAdA Jojuud @ b Fad
nRow Ade Awglel AT A A% FAZ o857 A8 A TA AT WES
sgystd. ol oAl FAe A%, FA vy F ey} gaB olgat JEe] FALE
BHe Agade W Fwel #F odol U¥ Mad x4 WL dAsr] U7
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Hzol vt (ofutm Af FxRe] FEjHH SAow AF FA wFol  Ldo]l 3l
Ao wpobs). ofol] A FA} Ate] A AHEAE AR 23 benomyl Al Fof
Weo]E  (Benlate, AlAEFelA )5 ol&std= W M FA Amo] EEAHCS
ol FolFE glsAtt (G 1). webA &= AFeM s Al A &5 W o R A FAE
0.1% (05 g/L) H#elE &HA 5A7F A& AHeste] 12+ 2 AgEs A& & 5, 24
oF

il Hu o rr

Ao R 70% o Er2o A ok 58 29 sodium hypochloriteE 33 gt~ gHo A oF 20%
A st HAE 8gste], 22 vl FAHANA FFo] o LAES HASIAZL F v A
2% 20E FGHE 4 Aok oyt HHgo=m At FAE o] &3 AE, ZAMGES
g&qow [dyPgd = At

A 2] A7k A Fieo] mE ol (%) o gol

(hour) 0.5 g/L 1 g/L Ay o
1 44.7 61.7 O
3 50.0 50.5 O
5 48.8 46.2 x
7 42.8 29.1 x
9 35.9 14.4 x
11 0.0 0.0 x

L}, 94} embryogenic callusE ©]&3F A E3t 21 &9
A719 As FAERRYH gyE Ay %= ZZ[MS salts and  vitamins, 3%

sucrose, 750 mg/L MgCl,.6H-O, 3 mg/L 2,4-D, 25 mM L-proline, 2% Gelrite, pH 5.7]=
o]8-3}o] embryogenic callusE =% & ‘rrJ—% callus® A+3t F% 8A[MS salts and
vitamins, 2 mg/L kinetin , 30 g/L sucrose, 750mg/L MgCly-6H-0, 2g/L Gelrite, pH 5.7]%
2 F ALsES A Y. 2 A3, AESE 7hsst Al F7F9 embryogenic callus
typeol EFAtt (¥ 4). L FolA yellowish compact typeel 7F& -3 AE3}
EE&(7B553%)S Ho Fom, thS-o % whitish friable typee] 43.48%, whitish compact
type®] 33.33%2] AE3IF}E&S HoFth T3 yellowish compact type2] embryogenic
callus™= multiple shoot &4 %2 (13.0 plantlets per callus)e] <3ttt ZZ= whitish
friable type¥ whitish compact type< 2}z 57 % 4.3 plantlets per callus A3E
Bo]FEQh wElbd A FAAINS M= AH A 5= F, yellowish compact typed]
embryogenic callusE =g} o]&3t= Ao =2 A
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29 4. Comparison of plant regeneration from different callus types. (A-C)
%% embryogenic callus®] Al typeE. Bar, 1 mm. (D-F) Al 7}*] embryogenic
callus types 2| multiple shoot % H]2L. Bar, 1 cm. (A, D) Yellowish compact
type. (B, E) Whitish friable type. (C, F) Whitish compact type.

e AE= oF 37EY Alzte] AL FHAEY, 3 A= 49 15¥°] callus
induction B} A| ol Fx5 X435, 59 14¥ shoot induction media®, 59 28%¥ root induction
media® subculture AZ F AReH, 7€ 33U HAEAE ELoR o]Asle] £33} HAHL

AT 5 Ak

thooA HAAE 9% HA germplasm & ¥

AT AT 27 (F)FozANLAA Fdg AN FAE o] &5
embryogenic callusE FH3t] X FAAIS st AgstAd  (2dzE
Aoy 5202 A FAHE daetA] X3, oA FHg FATE A A
AdE T FTolAvldl FEE AYxEo AAZeln AR v FTHIF A 4]
PFAdS o AFstA XF OB ooy FFAHI} FEo] FHHoR uopxeE o=
ASHAT (olrtx o] o] fF 2 tE AFIELE AN FHEAFS AHF3A Xdte A=
AAZD. oo & FHA W Al HEe wF AFIAALF FHADANA FHsE] FA
#elstal = 759 Al germplasm FAHES o] 8372 AT (E 2 & ® 3).

olo] QoA Y3 FAS o] &3] germplasmE 9 embryogenic callus =&
AEst&s ZASEAY. WA F 0 THe 9A germplasmE (SNU-M-022, SNU-M-025,
SNU-M-032, SNU-M-034, SNU-M-03, SNU-M-045, SNU-M-107)2] embryogenic callus
FE&S A% 23, SNU-M-0259 SNU-M-045 2}Qlo] 50% ooz =A #HZEHATt
(Nz2F2 (F)e2zdMdolA T TA= oF 3433%A+) (& 4). o=z AEs&s
ZAFSE A3, SNU-M-0229F SNU-M-045 2FQle] Z+7 82.64%¢9 86.11% = F-r3tA yskth
(£ 4 & ¥ 5). stARF SNU-M-022 #1 Adst Z&o] Fatov =2 ¢
g A phenolic compound H|7} #EEo] FAAZe= HFeA FLe sow
UElykom SNU-M-034 ¢S embryogenic callus 288 Egkot} shoot AlZo] 2k
o] Fojx A & wH¥o] #AAH Tk 1o wke] SNU-M-045 @+¢1S embryogenic callus
FEEY AYEEFEo] T Bt oy} multiple shoot formation® S8ttt o9
AEZX o7 SNU-M-045 2}elo] dAAso] 71 A3t germplasmY S &g = A}

o
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12 SNU-M-045 212 A A AFH Fo=24 717F 245 m, =71 774 554 mm
7] W27 100 ecm® 2 187 A® HE oAl Fow FHEUY (F 2 & & 3).

ol germplasm FolA FAAS 5SS B ErE gdlow SNU-M-1079]
AANTE o] #elE H]E SNU-M-045 <]

A

N o
f

A B RepAwr o Ax AYs fet
Azt olfeiron), 53 frid Aelas A &2 WA S5 veht 25 oA
FAAdg] ol gatsitt (AAZ A 3. & A AFE F8ko] o] germplasme

Egolt} Aahgol S thysl

EAE 2 Ay, A= 4% germplasm HE Y~ fF

Uelgton dixdez FAHge] 7 b FEHUE A JEyt olye of=
AA7EA oy AFHEC] A FAAZES Amsg oy ofF AHFsA Hile Ao=
AAAH, o= ALEH FA7F &4 ol ofd Ay T Fol v|QlshE Aoz o AR
B AR A 3T 5 ddd g JHx] TuRE AL = uRdA £33 germplasmE -
A~ Frgo]l AU AES HAgol FA den, nETF B oA FHE oA
germplasm Q1 EL P A H3lo] 7}F3) AN FAHS = &

nEel A A Hele) FAE o g5k o] FL Qo

Germplasm Latitude Longitude  Altitude Collecting site

code (m)
SNU-M-022 N 38° 04’ E 127° 200 655 Mt. Myung-Seong, Korea
SNU-M-025 N 387 04° E 127° 200 579 Mt. Myung-Seong, Korea
SNU-M-032 N33°17 E 126° 32’ 404 Jeju. Korea
SNU-M-034 N 33°19 E 126° 36’ 359 Jeju. Korea
SNU-M-037 N 33°26 E 126° 33” 430 Jeju, Korea

SNU-M-045 N 37°31° E 12632’ Incheon. Korea

N

SNU-M-107 N35°31" E 128°53° 86 Milyang. Korea

3% 2. Origin of 7 germplasms of Miscanthus sinensis used in this study
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Germplasm Plant height No.of Stem  Stem thickness Stem density
code (em)* (n0./100 cm?) * (mm) * (g/em’)*
SNU-M-022 197.0+3.3° 15.0+2.9° 419+0.18° 0.28 +0.01°
SNU-M-025 207.0+£3.3° 15.0+29° 5724 0.11° 0.20+0.017
SNU-M-032  275.0+5.8 153+4.3° 7.96 +0.47 0.54 +0.04°
SNU-M-034  230.0+5.0° 14744 7424021 0.67+0.01°
SNU-M-037 2450+ 2.9° 12.7+4.3° 7.98 +0.16 0.26 +0.01°
SNU-M-045 2450+29° 18.0+3.5° 5.54+0.15° 0.36+0.01°
SNU-M-107 240.0 + 8.7 16.3+48° 6.98 £ 0.09° 0.37+0.01°

3t 3. Phenotypic characteristics of 7 germplasms of M. sinensis used in this
studyT

" Average values of plant height, stem thickness and density are shown.
Phenotypic characteristics were measured in the third year after planting their
rhizomes.

¥ Means with different letters in each column are significantly different at P <

0.05, using Duncan.

Germplasm Embryogenic callus .
) Regeneration (%)’
code induction (%)’

Geumo 3433 +£1.25° 53.09 £11.20°
SNU-M-022 31.00 +4.08° 82.64 £ 0.98"
SNU-M-025 55.33 +£3.68° 23.96 +5.31¢
SNU-M-032 13.33 £3.09° 28.82 +5.40%
SNU-M-034 1591 +492° 38.89 + 6.38°
SNU-M-037 8.30 +0.94° 521+ 17(°
SNU-M-045 52.67+531° 86.11 + 8.56
SNU-M-107 29.00 +1.63° 22.20+2.14°

3 4. Comparisons of embryogenic callus induction and plant regeneration among
7 germplasms of M. sinensis used in this study

" All of the data represent the mean * SD of three independent experiments.
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The data with different letters in each column are significantly different at P <

0.05, using Duncan.

SNU-M-034 SNU-M-037 SNU-M-045 SNU-M-107

29 5. Comparisons of plant regeneration potentials in different germplasms.
Aol AHE 759 germplasm FAA F%=% embryogenic callusES %
A 477 WEA A AEsHE Z2ASFS TR Bar, 1 em.

2}, Agrobacterium= ©]-83t A JAAS =7 g

61:]__ gl H
2 A ATl A= hygromycin A% wFAE o] &3k Agrobacterium 7N 3 E g
ZAS WA g T oA xA AIA AP nAES o83 FAAS 2HS F=5laAt
Gtk ole FAA AP wAE olfett A4S FAABA Auo] mrh folas i}
A stz Jfdte = A AEA mARTE AZxA] AEAdo]l © ErE Hol
A=l ol wolAtk.  old pCAMBIAL300 % pCAMBIA3300 ®HE 7|22 3}
FAAES P8 (21 6).

kil

Z71S& FAEAY o] Adol= SNU-M-045 FAHE callus % vl Al 65 o] w<F
embryogenic callusE AM&3stth 18]ar Ao AM8wH  Agrobacterium(strain EHA105)<
maize ubiquitin promotor-eGFP} g 2] FHAQl HPT FAXE xE3 pCAMBIA1300
HE(1H 6A)E freeze-thaw WHOo®E =QAIZI HFE5 ARESHATE o]% TheF3H pH,
acetosyringone %, & HIY 7|7FS A &35l A embryogenic callusE A H3IAIA
GFP signals Hol:= Ael~Z ZASE A3} pH 52 % 400 uM acetosyringone©] X3H#
Agrobacterium % 713 54 7He] F& wlY 7IFS HEYS wrf M =& AYE

BAT (F 5). &, o] HA oA FHAAIAH callusE°e] 7MY w2 Wxe GFP signals
BojFot (2¥ 7). 2¥a HFAHSE hygromycin FAA ARZALE ol &kl JA)
PFAAGAE GRT 5 JAvt (7 8). ojuf PFAHASA Metel= 50 mg/L hygromycin®]
E3tE wix7F o] €% QA aL, shoot inductionel= 30 mg/L hygromycino] X3E  Hjx#| 7}
SH AT 283 roote] PAE plantletE> Ao A £31ES 3, genomic PCR &

A hygromycin FAA| AddA vwlAE o]&3do] Agrobacterium "7l @A A3
St
[e)
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AEsHY BAS T3l AASA I HF AU (29 9). o7+ =HEH &
H5E 9138 Northern blot +4 3 =9 FAx +& &<213t7] 918 Southern blot
= AT

A
o e o
N * * N

Smal BamHI HindIII

A
-ILBHTll BAR K intron-gus |T2|'E—
N

29 6. T-DNA regions of the binary vectors used for Agrobacteriummediated
genetic transformation of M. sinensis. (A) eGFP FAA7F 24 =
pCAMBIA1300 ®E. LB, left border; RB, right border; Psss, CaMV 35S

promoter; Pu,, Ubiquitin promoter; HYG, hygromycin resistance gene (.e.,

hygromycin phosphotransferase II, HPTII); egfp, enhanced green fluorescent
protein gene; T1, CaMV 35S terminator; T2, A. (tumefaciens nos gene
terminator. (B) AxA AFAH H[FHAAES  EFTS=  pCAMBIA3300 M.
intron-gus, GUS coding region with a catalase intron insertion, BAR,

phosphinothricin acetyltransferase gene.

No. of N of
Inoculation conditions : ) : calli with GFP
noculated calli ) o
expression (%)
52 150 5(3.3)
pH 55 150 2(13)
5.7 150 2(1.3)
0 150 0 (0.0)
Acetosyringone
200 150 3(2.0)
(nM) )
400 150 10 (6.7)
Co-culture 3 days 150 3(2.0)
period 5 days 150 5(3.3)

¥ DB. Optimization of conditions for Agrobacterium inoculation and co-cultivation
" The percentage was calculated using the number of transformed calli with

GFP signal from all infected calli.
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19 7. GFP expression of transformed calli. (A-B) Non-transformed callus (a
negative control). (C-H) pCAMBIA1300/eGFP & & d %% callusE. GFP 2135 (B,
D, F, H)= & 24X UV ZA}F oA Ilumatool LT-9000 Bright Light system

(Lightools Research)< o] &3fA #2313

19 8. Production of transgenic M. sinensis plants by Agrobacteriummediated
transformation. (A) Calli induced from mature seeds on callus induction medium.
(B) Selection and propagation of embryogenic calli. (C) Co-cultivation of selected
embryogenic calli with Agrobacterium suspensions. (D) GFP expression on
transformed calli. (E) Shoot induction from transformed calli. (F) Amplified
picture of induced shoots. (G) Root induction from hygromycin-resistant shoots.

(F) Putative transgenic plant grown in greenhouse. Bar, 1 cm.

A G

Transgenic lines HindIll BamHI
V NT #1 #2 #3 #4 #5 46 NT#1 #2 #3 #4 NT#1 52 #3 #4

Transgenic lines
NT #1 #2 #3 #4 #5 #6 NT

2% 9. Molecular analyses of transgenic M. sinensis plants. (A) Genomic PCR
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29 10. Comparison of shoot induction between hygromycin resistance and

herbicide resistance selection markers. (A) Hygromycin A A &dA nlAE

o g% WA Aelx AW A B) AzA AT WAZ o8 AU
el A BA. A

152 30 mg/L hygromycin =+ 3 mg/L PPT7} ¥3t#
v =] o]l 4 shoot induction®] Z& 1 J+= FAS HojF2 ATt Bar, 1 cm.

Transgenic lines
A o B 2
Transgenic lines .o o o -
5 7O g e z ® % % %
> SRR EER:

Total

After 14 days

NT

19 11. Production of transgenic M.sinensis plants with herbicide resistance.
(A) A FAAZA l] AzxA AP FAAHBAR)S] genomic PCR 4] A},
V, d&@Hds] AFEH vector; NT, Non-Transgenic 2JA. Actin F+dAHACTD =
loading control® ¥3t¥ At} (B) Northern blot #4 Z3. BAR #HA=
probe® 3&to] Wd S FAFSES TR Total RNAE loading control® X3 At} (C)
AzA A 24 Az 04% BASTA® AxAl A% A3z 4% F 79 2
1UdA A AEA AFRE BoFEth Non-Transgenic S (NT)= =84 et

=
e Wy, FAABAES AzA 9FS WA @n AYAA A%
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Media

Composition

Callus induction

MS salts and vitamins, 3 mg L™ 2.4-D. 30 g L™ sucrose.
750 mg L™ MgCl,-6H,0. 25 mM L-proline, 2 g L™ Gelrite: pH 5.7

Agrobacterium
moculation

1/2 MS salts and vitamins. 3 mg L™ 2.4-D. 20 ¢ L™ sucrose,
10 g L™ glucose. 400 pM acetosyringone: pH 5.2

Co-cultivation

MS salts and vitamins, 3 mg L™ 2.4-D. 20 g L sucrose.

10 g L glucose, 400 uM acetosyringone, 3 g L™ Gelrite: pH 5.7

MS salts and vitamins, 3 mg L™ 2.4-D, 30 g L sucrose.

750 mg L' MgCl,-6H,0. 25 mM L-proline.

250 mg L cefotaxime, 50 mg L™ hygromyein (or 5 mg L™ PPT
for herbicide-resistant M. sinensis), 2 g L™ Gelrite; pH 5.7

Selection

MS salts and vitamins, 2 mg L™ kinetin. 30 g L™ sucrose.

750 mg L™ MgCly-6H,0, 25 mM L-proline.

250 mg L cefotaxime. 30 mg L™ hygromycin (or 3 mg L™ PPT
for herbicide-resistant M. sinensis), 2 g L™! Gelrite: pH 5.7

Shoot induction

1/2 MS salts and vitamins, 20 g L™ sucrose.

Root induction 750 mg L MgCly-6H,0. 125 mg L cefotaxime. 2 g L Gelrite:

pHS5.7
3 6. Optimized conditions for the Agrobacteriummediated
transformation of M. sinensis
No. of Vector No. of No. of transgenic ~ Transformation
experiments  (selection marker) inoculated calli events (plants)’ efficiency (%)*
pCAMBIA1300
4 1316 14 (29) 1.06 + 0.19
(HYG)
pCAMBIA3301
3 1542 8 (36) 0.52 + 032
(BAR)

genetic

3 7. Transformation efficiencies of Agrobacterium-mediated transformation for

M. sinensis

" Transgenic events represent transformed calli which produce hygromycin— or

herbicide-resistant plants.

¥ Transformation efficlency was calculated using the number of transgenic

events from all inoculated calli. The data represent the mean * SD of three or

four independent experiments.
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ul. A AN (M. x giganteus)®] ZZwF 2 A &3}

2 A AFE Foke 28A ] M. sinensis AN FAE o] &3 2ANYGES FI
AEst 9 FHA 2108 GHT 7 AT SliA o] 20ES dAl A FHE FE
3MAIL] M. x giganteus AW A= SEAZIE ATE FASAT olu] A=

sterile® FAS AAFEA] E S 2 ZE immature inflorescence (M4 3H4) 22 & A& =4
A e H}O]S’Aoﬂ‘/ﬂﬂﬁ%ﬂﬂ EFA FHete] ol &tk WA ofd 15 em ©]st]
nAds MES FHstY A%5st & AYAE Lt Ae s FEwA = 7|Ee el
CIM-3 #}#] [MS salts and vitamins, 3 mg/L 24-D, 0.1 mg/L BA, 3% sucrose, 750 mg/L
MgCly-6H:0O, 25 mM L-proline, 0.2% Gelrite, pH 55]¢F CIM-5 wj#] [MS salts and
vitamins, 5 mg/L 24-D, 0.1 mg/L BA, 3% sucrose, 750 mg/L MgCly,-6H:0, 25 mM
L-proline, 0.2% Gelrite, pH 5515 AF&3l3th Y2 F28t7] Y8 4L A0 =2 A
Hjefatlom, 45 Fo A FLE&ES ARG WS FAE A FROE o]
Ao~ Feess T3 49 Ads stA9 S0 FE0DH CIM-5 #iA & ol &3S = 71
T A2 FEE68.73%)0] #AFEHAT (FH 12A).
22 FE% embryogenic callusE ©l&3te] Aist E&S AAS A AE3

F =8 A= 2B 8]A [MS salts and vitamins, 1 mg/L 24-D, 5 mg/L BA, 3% sucrose, 750
mg/L. MgCly,-6H,O, 25 mM L-proline, 0.3% Phytagel, pH 55]¢} NB #]#] [MS salts and
vitamins, 0.24 mg/L NAA, 5 mg/L BA, 3% sucrose, 750 mg/LL MgCly-6H:0O, 25 mM
L-proline, 0.3% Phytagel, pH 55]& AF-&3tAt. AEstE FEst7] AallAe 6573 AY=E
A4t e 45 < mgeEtd o, AEsE-2 05 cm o] A shooto] #HEAEE AHAE
o] &3ste] FAeATh 1 Ay, T Aol A 50% el wlszgk AjEsEgo] #EFHAY (1Y
12B). 3HAIRF NB wix]e] A9 A 2oA] wE shoot FZ=7F #aEE= digle] ZAwWstrt
AetAl #FE = v, 2B WA 279 A oA eE =% shoot &7l #HEEAS
Ao 2ol st o] Wol #EHA AUt ololl F 2 FollA Ao AEi7t S
2B HiAE o]&sle] FH AAde WFPysrl= B‘Pﬁi AR | AEAE B FE o)
[Root induction, 1/2 MS salts and vitamins, 2% sucrose, 750 mg/L. MgCly:6H-O, 0.2%
Gelrite, pH 55]= &7 ¥el& #FEstlal, oF +3Ads AA EdAA Auistsih
olfgt #ABES AAH Ad MY AL} A8 FHE F Uy (1‘“J 13)

oo w AQEst o] FHEUA A A A FA
skitt. oful, WA shMel A ofLmMbH
Az o A embryogenic callusg X% ¥ of1ZutE & THAII= F 7HA
getgiet. dAdgo] Had viA 2 =1L 7S Sy E

o
=
Ae 71%33 6}04 AEL Fstdth sAw M. ngganteus4 I8 S

i, o oox X

o,

o,

o3

e 2 oo X
o
>4

© oAAT, e A eAle) @

= o=
3t B A3t ddS gASHEA  infectiono] Z = —’F
= o

[e)

R oft ox o mx H ot o H N
ol
ol

4
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Callus induction (%)

I I I

CIM-3 7530 +5.18 65.80 + 5.65 58.30 + 4.17

CIM-5 2419 +227 68.73 +7.60 66.67 + 4.44

B

Regeneration (%)

2B 50.00 + 5.71

NB 52.78 + 2.62

219 12. Callus induction from immature inflorescences of M. x giganteus and
its regeneration. (A) WA A A oA AY~ FE& A AY v E
s A FREoRE U F, F M9 callus induction ¥l# (CIM-3 &
CIM-5)°l A A&~ 5

Fried Az AEsts 2AF A3 F K AES A 2B & NB)OlA

A shee 2T,

219 13. Plant regeneration procedures of M. x giganteus using indeced calli
from immature inflorescences. (A) Sampling of immature inflorescences from M.

x giganteus. (B-D) Immature inflorescences. (E) Callus induction. (F) Shoot
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induction. (G) Root induction. (H) Regenerated plantlets in a greenhouse. Bar= 1
cm (D-G) or 5em (F).

2012), &4 =} ]EEL% %Zﬂ A} (Ganesan and Han et al, 2012), =~Ed = A3A FHdx=
(Choi et al, 2013) 5 7|5& #EoA HSst =w TrRE =539t 18 g
ME/E AN =t CKIL, ICA2, miR156, CaPLAl, CaSRP1 & tsh 78 f-Adx59
&S AESAT. 1 A, 2 HA AFelA AR AR EYgAE FAAEER
ol EAEBE ¥3§5te] 18X Fo]EAE (hyperactive phytochrome), CaPLAl (St et al.,
2008), CaSRP1 (Kim et al, 2010) 52 AASATE o5& voleujx~ FOiE 93] A=Y
Fool8Ad H AP BEES THAIIAY (FelEas FAA), 5SS FIXE F U=
FAAE(CaPLAL, CaSRPD)o|3ltt. ol HAAELS i AR AEdA fFad
fFrAaxtEe] 7o 9 E AEAAY FHA TS HEsrl fske], WA @Ag

Hlo] QoY% ®dl A&7 715 Brachypodium distachyon 2 &A1& = 5o £ 5t

Brachypodium distachyon (Opanow1cz et al., 2008)°%
FU bsde WA dFdad sdvh 58 8 A 3
B oA EFS ALAE AL BEE M3 A3, o A3
FA42  ogdrlz &g, doEase 449 AzdME 5%
[¥}o] 2 FA(phyA) Tl EAFEPhyE)], @44 A EolM 3% (phyAphyClel EAsts
Aow OLEW lom, o5 Fo|A phyAet phyB7t AZeld Fo 7% dx Avhw
Moz F2 phyAet of7]&dl phyBE #dd Azl Brachypodium

OBL
i
e 3
2
T
rlj
i

E—ﬂﬂ ATE Eolo] FHY TolEaE FAHID
phyA A2 (AsPhyA)7F =4 7 21 (single copy 37H
four copy Zt 170 k)3 e§71¢ o phyB Fd A AtPhyB) 7t
Zkel, two copy 170 #<l) Sol < o|=o 9ATA 3
Tz]_xg‘jzﬂx% Hx_i 5
oA mfo] Quf

m

Brachypodiu

o EFAES Avrd, A
, two copy 271 =<, three or
Hd¥ 4 22l (single copy 370
1 segregation FAF9} T &0
ol ASH Aot o5 ndEF A4
w3 #Zv. WA 78 phyArd I
estern blot A4S E3le] so|EaE vz

AL rﬂ
o 2

I-l'I

©
N

S =3
oF AHE ASw
A

1>
i
N
il
of
9
>
=



do] vzt HolES Adstdn (2’ 14A). o] F 3 whgA B4 S v o 20(%
4, AR A A Ag) 3t phyAZE o wivlsteE A MRS v gk fluence rate
A F29 A E9 coleoptile lengths Ak W o=z #4821 23, phyAZt
op ddE gle] dA MG wEgAdol FdlE o] wild-type Brachypodiumel #H]dko] Z-2

coleoptile length”7} #ZF A}t (2 14B-C). o]+ # A A3 Brachypodium W phyA &4 9]
ZUWHASS A F EI o8 fluence rate £ lA Y Ad A3} phyA #H}td gaES
ZAtEl 2 E fluence rate 2744 wild-typeoll #®]3te] &2 coleoptile length= Ho] Flt}
(29 14D). o= 9x9 Ed2AEo] phyA7t =YW seedling® ¥ WAool FTHES
SHotl om, oA wag] AES %7 AF B oo F& ZAUS AAsta Yt
723 phyA H2d g5 A HAANAM Y] A% AT L A3 secondary leaf
gk g9 st A7 7wk e A G0 ¢ Al (LE 15).

a3 o 71F ) phyB #¢3 Brachypodium <4 Ao ZAFPS XA
AAsg gk Aol AA T S FAT AT (2" 16). =3 tiller F7}
(" 17), st A=A (17 18), T2 FgFo] TdS
19). ol Z3}E FFsH dAS AEoA phyAs 7] A F

—%}L
E

o to

["O

et
SN

%2,

32
do &oar r
fr o K

9E2, phyBE tiller W] FLAM AE JAFE GBS = AT /3T F Aok
of Az FF vlelodz FoE dAsNE AEE HJAJE phyA Hoe JlgE
AL tillerE 5 5 9= phyB7t £88 F A& AT
(2) 224 phyB FH4 Fu
2 oATde A4 ATE Biel teel 134 phyA FAAE Fud v A
S ¢ A7 Adel SJFW w@ayg ABAME phyB shide 8% Aow
K _

] <

0@ phyBE #nst AT AWstel 1A phyB EAWCI(YVB)E Husq of
ZoWo] phyBE phyB 4 W Tyrosine #+7] dy7} Valinee & 23w Aot} (

in PhyB; YVBel ®%). 5% dolEama & o wet 5243t del Pr == &4d3}
FeQl Pfr formo = EAtE= d whsle], YVBE 4 @43 FJHz EAFgo=zA A

100% JolEaE &4de Bol= Aom FAFdY (27 20). ©] ¥l phyBe 3 2319
Faglol FAl B Holr] wjiel o M= kA F 26 A A 22 xAdES

Txeo] Ao Wzt golEAas ATE StHA JiEe b dAd o]
2 BolEAsE dWoldt @ ¢ dflon, B AA AT F o] & Fdl AW EI oA
Mol 74 Hgs FHAE Ak o]ol Brachypodium phyBe] 184 dlo|EmE
FHAABIYVB)E 29 AA A FEAHEE FHx ¥WEHE Az on, o5 o] &3}
AAl PP HFe] HIPsrE 3§ L3k SNU-M-045 germplasm ©]¢o] t}&
germplasm®. 2] FHAdS o= A&t webs A FAHZ] AEE TolEARF
A= ofAd phyB fHzeE A YVB FHAE ol&stden, 53 1¥Ad YVB
A= o8 A germplasme 2 2] =io] FXH

-

o oo
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Dark  Farred Red Blue White

C D

g 120 ~ :E" L B0 2 pmole/m? sec
5

= 100 - BWT ®m=245 ¥ 40 4 =2 pmole/m® sec

?:,; En 35 4 w20 pmole/m® sec

= 80 3 30 -

60 -

2 S 20 |

S 40 S 131

3 2 10

2 20 - £

o R

S =

® o L =R

Dark Far-red Blue White wE BSAOXSEE ThHA0X Al

2% 14, A9 phyA F427F =¥ Brachypodium &2 4%”1“’4 L s
A3t (A) Western blot +4 Z¥. 8] phyA 5olA<l A (cat22)E ©] &3}
phyA @z W3S ZAlsY. TCTP % gel2 loading control® 3 3HE At}
(B) Zt a3 33 ZAb] wE seedling £33 9. Wild-type Brachypodium(WT)¥}
phyA =% A5 21#-8)9 & w3dS ¢ =05 £ ¥kl White light,
red light, far-red light % blue light Z7olAd E43Att. (C) (B) ZHAolA 9
coleoptile length ZAF A} Relative coleoptile length= & Z o A412] coleoptile
lengthS 100% % 3}o] AAFE AT (D) Y4233 Fluence rateo] WE coleoptile
length ZAF A%, A}249 fluence ratex 0.2, 2, 20 ymol-cm >s™' S o] T},

Red = Flag Leal
Blue ck
(panicle base)
\ /
!

30

40

30

20

Day to Second leaf
-3
Day to Flowering

- o L
WIE01L) tha;)x PhyAOX WI  PhyAOX PhyAOX
s = #17
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AEFA I} 93d Brachypodium A ASA 9 sy 4 Ay}
(A) 78t A1719] ®dd wjal A3, Wild-type Brachypodium(WT)el H] 3|
golEAF7A HEd EFAE 2= secondary leaf o] mEi I3 E
ol2A H& & 4 AdAd (B-C) Secondary leaf && A7) (B) 2 713 A17] (C)
Hl 3l A 3,

b=
=~}

Coleoptile length
(mm)

= -

ocuwohd
L
+

< F‘
b4
(5

C Hok CR
124
% 9{
)
= 3
LAl B R B
= o T R S A S
S Q*\,,c AN ,épx"
F
D c¢FR
2 s 12
9 ,%
>
Et‘\
:55
g o0
8 $ @""Q\,\ %\:\ i??'

29 16, o) 71F phyB +dA7F =% Brachypodium &2 dgkA e 33 w84
24 Ay (A) ZF g3d 3 FALe] wE seedling £33, HR, empty vector =%
Brachypodium 2] &; phyA ox, 72 phyA %3 Brachypodium 2%. 3}a% =
coleoptile $1X& 3EA|gtE. (B-D) (A) 7949l coleoptile length ZAF A},
AFE-% fluence rate™ cR (continuous red light) 2 cFR (continuous far-red light)

B% 5 pmol-em s g T}
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*k

N

No. of total tillers
No. of total
leaves/plant

L]

il

#1-1 #17 #42 NT #1-1 #1.7 #42

o

1% 17. AtPhyB =9 % Brachypodium & @ d3kA19] tiller & ZAF 23 (A) 75
H A EA9 AA tillers. NT, Non-Transformed control plant. (B) Tiller = ZA}
A3 (C) s A=A W AA A 4 XA A} Statistically significant changes
compared with NT are indicated by ** at P < 0.01 and * at P < 0.05.

- 123 -



I I KN R R

phyA ox phyB- ox

42 48 17-13

% 18, AtPhyB =%% Brachypodium @& A&A 9] 78t Al7] A A3 (A)
Met A1719] £33 vl A3 Non-transformed WZE7 2 ZANT) Hl& 7]
phyA & A EAE@EhyA ox)& Z7] 7M8tE, AtPhyB #4d 2 &4 & (phyB
ox)> M3 AA xHdPFS HoAFAT (B) Mst A7l ZAF A3 Statistically
significant changes compared with NT are indicated by #** at £ < 0.01 and * at
P < 0.05.

AAREAARAR 2R AN

< NT —>¢ PhAOX ¢ #l1 —S&— HlT —S¢ #42 >

120 1 Hk

No. of seeds
3

NT phyAox #1-1 #1-7 #4-2

% 19. AtPhyB %9 %  Brachypodium ®&@AgAe Fx F3HE (A)
Inflorescence®l| /] & 1.3+ spikelets Hla AR (B) 3k A &AM & T2 5

ZAF A3} Statistically significant changes compared with NT are indicated by
#x at P < 0.01.
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A B

YVB

phyB-5 Ler B-OX41 B-OX60 =2-7 =127 10
b \'v
S _—
g6 N .»»»——}"'{
25 ) o
slia "%‘; —a&
3 3 N
| RSN
!
0 T T - ,
0 0.01 01 1 10
FR-fluence rate (umol-m=-sec?)
+— phyB-3 s Ler — 4 B-OX41
—BOX60 _ ¥1B -~ 5F,

a9 20, 214 phyB FAAHYVB)7E =4E o7 Ed A=A 3 v 4
A3 (A) & =21 2 HA34 o] A2 hypocotyl elongation ZAF 23} phyB-5,
phyB 2% N7]1&d; Ler, oF8d <i7]1&dH; B-OX, 44 phyB =% cf717&th;
YVB, YVB Ed®e] =4 o713, Dark, & %71; Red, 44 & =7 (Z5 ¢t
A= fluence rate® 01 & 10 pmolem *sec'¥dS  deEdTH. (B) @
A 7] (fluence rate)ol ™WE hypocotyl length =4 Z3}. YVB A A3 7|+
4 x2S EFste] Be F A7l 2elA HY3 hypocotyl lengths H.of
FJom, o= YVB 1A dolEaFEB EAWHo|ZE A=A WA 100%
golEAEB &4 S Adthe= AS AlA g

| CaPLA1 % CaSRP19] 7|5 #H%
A AplAE B BERA ATE Botel Fud F8 FAAEE

. o] §-3}7| &=
Atk olol $MH o7 uFo 3 CaPLAl 2 CaSRP1 F+AAE59] ©@xg] A ol A 9]
7's AS5S 9389 Brachypodium A ASAES H3IAT. 2 A4 A4V Fot
CaPLAlS &FA&o] dHEo xdAYPol dF A=, CaSRP1S dAl FAHASAE
Hsle] ¢ AES Adsta Y& Folth o]o] CaSRP1 Brachypodium & 2 A3k #24]&
5 o= ATel SdrEw " dfgolrt. CaPLAl #HA7F =¥ Brachypodium
FAHASA ] 4§, ZETF Brachypodium 2 E A v & tiller =7} 2A S=AS A
T AAJTF (2" 21). 53] CaPLAl #Hd FAAZIANELS 2HANA Y £3 DA AR

tiller ~7F A S7F8to] bushydt AP S Ho FJom (28 21A), oF 657 Foll+ tiller
F7F 9 A FuEe] Tt AERt vlolevjArt A4 SUEE As #ET & AddT
(¥ 21B). o] A7 ZA3E Edlo] CaPLA1 A A EdAe #F84 HZFo]
o] Fol o, o] AN R FAHSko] W H AT
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13 21. CaPLA1 %% Brachypodium #Z&AA3A el ZAY ZAF A3 (A)

2ol =3t dAY FAE uu. Wild-type Brachypodium(WT)el ]3]
CaPLAl FZdAZAE0] bushy@Fs #F3L = At B) 657 MY Fo 1Y
Hlxl A3 WTol| H|38] Transgenic line?l tiller’} "9 STHEHASS ##Es
ATH
o & AR 249 A FAASA SR
A7) @A B A s A 1A Ve A5E ot AR A fHAER
A4 FolEAEZB (phyB), L&A IFo|EAEB (YVB), CaPLAl <& Hw@atgith ol

o 71% ] phyB (AtPhyB), Brachypodium phyB (BdphyB), Brachypodium YVB (BAdYVB) %
CaPLAl #FAAES oAl F2AAIAS 3t vector2 F2Y 3l¥ 3L, ©]E constructsE
Agrobacteriums ©]-&3F A P AAZS ALEE AT
WA AtPhyB =% Al FZASAE AzA A A pCAMBIA3301
wWEo F24Y HA (29 22A), o]F o] &3t AL oA %@ﬁ%iﬂ-‘ﬂ AzA ARG &
At (ZLB‘ 22B). 18] FAAAESA A S

pCAMBIA1300 #WEe] F2Y AL (2L

PFAAZA = 4 g 237HZﬂ7} FHEoH, o5 E"?ﬂ“‘é 73%% ?1sto] A& LMO

Fel A A= A w}‘j/}’ﬂ L i

AAAINANES HgHoz drd £ 99}

7123l BAYVB 2 CaPLAL =9 oA JAASANEE

Al @A BAYVB @A A8A 370A1¢F CaPLAL 2 HEHA 2704 55 SR

(29 24A-C), F7F &9 FRE 9 gA FAH}ES AP F
A A9 SNU-M-045 germplasm®¥ oy}t ttE germplasm FAE
FAASS AR, 1 A3 SNU-M-107 germplasm FAHE o] &3 A H3S 5319 1

A oEel, 7 RAY FAAEAE 5T F AJT (2" 24D). wEkA 2 Al ATl A
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AtPhyB, BdPhyB, BdYVB, CaPLAl %9 ##x7F 3id wHE= oA FAASAES %5
gy on o5 AM-Fe A EF LS Yste] 243 EFA F2o] Iy

Jom, i £4& =8 Tl vk

A

&

A
T]IB,{%sss T2 PHYB < Poni Intron GUS
Al

HindIIl

After herbicide treatment

C Transgenic lines

NT 21-1#2-2 #3-1 #3-2 #4 3 ¥51 #52 ¥V

PHYB
BAR
ACT

D Transgenic lines

NT 21-1 #2-2 #3.1 #32 #43 #51

RNA !
1

a9 220 AtPhyB F A7 =E A FEAEA gH 9 EAAAESH EA
A7 (A) Az o] &R wWH. AxA AFAH FAA (BARSH <718 d
ol EAEB AR (AtPhyB)7F ZYZF 35S promoter®t Ubiquitin promoter 3}oll
224 Hol Avk. B) AxA AP A A 0.8% BASTA AxA A

Az ol AMHS moFm duk o)X (NT, Non-Transgenic):= A Z2A 24X 794 &
aAEhE o e FEASAELS A ZxAo &) uAEA eSS el

=

34 2
ZA AFgAdel gdd AEAE F 5 #©el, 24 AAFen dFEw AR
stE itk (C) Genomic PCR #4] A3, NT, Non-Transgenic <Al;

J A A gko] Ab8® vector. Actin X AHACTE loading control® 3 %L
(D) Northern blot #4 A, of714dl PHYB %A% probe= 3dto] 2dS
ZA et rRNAE loading control® ¥3HE At} (E) Southern blot #241 23}
Genomic DNAZ Hindlll % EcoRIC® A3 5 AxA A3FA BAR

A AE probe® dto] A8 A AT

£ <
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BamH Xbal EcoR!
19 23 BdPhyB FAA7E =99 A dAHEA gr o8 A ES e
Ayt (A) FHAZ o]&H  MWE. Hygromycin A AFAFS Ad vz
gg3stu ¢low 355 promoter dtel BdPhyB FAAE E£33sa Utk (B)
RT-PCR #4& &3 =9 FAx 2&d #4 A3} N, Non-Transgenic <A
Actin FHAHACT = loading control® X3E AT, F 237 &4 EF =9
FAA7E GRS ol o, B agos A4 data? HolF=t}h (C) Southern
blot #2 ZA3¥}. Genomic DNAZE BamHl, Xbal %+ EcoRIC=Z A3 F
HYGE probe# 3dlo] #2458 A5

CaPLA1 ke

SNU- 107
NT #1 #

=

o — — = —|

29 24, BAVYB % CaPLAl =% oA dddsA] gu. (A) Fdske] ol&+d

S 42 ¥WES. Brachypodium 184 3o]EAE (BAYVB) 44 2 A% =3
A2 CaPLAl®] 7}7Z} 35S promoter % Ubiquitin promoter 3tol] Z2Y o
At (B) BdYVB 427 =d€ A Jdd8A 59 genomic PCR 4] A

(SNU-M-045 germplasm ©]$&). NT, Non-Transgenic %A (as a negative

control). Actin +3dA (ACT)+ loading control® X3E AT (C) CaPLAI
FAA7E =dE g FHAASAEL] genomic PCR ¥4 23} Vec, &2 743k
A%l vector (as a positive control). #3 2 #4+= FEFASA I old Ao=E
et ow, #1 2 #2+ JAASAZ GdH3dY (D) BAYVB FAdA7E =44
AN HAAIAES genomic PCR ¥4 A3} (SNU-M-107 germplasm ©]-£).
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AAE g =AM A F o84 o
g4 BAYVB
of F2 Fol A7, & HA AFolA =
AtPhyB % BdPhyB f3A7F =€ oA A% & FAT A7l =
A4FEsTA AFEHTe] F5 AFE ols oA FA A
A Afste] S 23 gEo] 2% A
WA AtPhyB =9 A G, XA A= AEAVE gz
Aol wlgte] gk 528 H= ZS Qe = YA o]l T oA A AA] A EA) 9
AAS AE5L FHES A4S AP non-transformed WEZT A=A (NT)e] B35l
ol FdEo UdFs &< ARtk (2d 25). g E=HE F=H3
FozA 717F Za, A AdxHE 28-S AT = AT ("™ 26). o]+ phyB
A7 s @ ey R A EddA Aol Aol s, fJFs4A& S H
photosynthetic performance’} ol ti= B et AR sl= Aoz yepwdth T3k L phyB
Htd  WH3lo| A apical dominance’t FAEHo] 717F ZFold semi-dwarfism  E & E v}
Aol EdEtE Rudt: dXyHE=E AR oJAZAY (Rao et al, 2011). F7lE ol&
AN FAHASAE o] &st= A9 ol A &8 #8448 HES 915k cell wall T,
lignin % cellulose 3% 5<& Fou dxg AEALY & Aeolg AT = glddth
uetA AtPhyB Fd27F =i AWt oAl= 717F Zan JRsrE Ajd s o] mpo] Quf
7t 7hed ZAFS Hol FAoY wtoleduyA] FA FHEd ZAFS AAA=
ottt 2R RE wloledyA] F4 d4E felME FE ocell wall AFAE B4
A2 2} sto] EAaof & Zlo=m o AT
BdPhyB #d oA A AgA ] -5, £ AtPhyB Z & d3A] o tiv]ste] &
=7 A=A Hste] 717 Z&,

o B = =

== ‘1—'____'_10}_*—“*1 0}/\1\ .
Z 7
-

Y

reh o ajo
o B

o B 2 uo 1>

N

H = -

o

Ir ‘H:

1 =
BdpPhyB A @ AA = dxz+ AEA8T 493 & 2dFS RAFAY (27 27A).
Y3k AtPhyB FAASFARGE AN =2 fd54 FHFS Ho FAT (29 27B). o)A
BdpPhyB oA} @AAd&A e o] TP JEFA weo] o] TlEE o
gotgdr (29 27C). 53] BdPhyB ##d oA A AIA = 7= T3 A= & AP H
Hloloma ol FAH S Hol FAEH, olE A YA Ao Hol, & WS 3rd
leaf % flag leafS ©]&3te] ZAFSTH 1 A3, BdPhyB FAAAE <o dix=

Al ws) Zol, F WY 2F Fhsie] Uom, 53 falg leafsl Zol7k 2 Frhs]ol

g AL HAT AU (1Y W), 1 Yol E V)9 FAE o FANA A9, U

Fw 2T ABA v Fosel 9 FAL £ AU (19 20 wAGow
pzs @)

2gdom A9 A oN71Fde phyB7F =9€ ARG 9 4

Brachypodium phyB7} =9 ® oA R -3 (le., wlo]mjx 3

g & AdArk o] e FTFY FAAEE o' AEdA fHiE Aol
A== AAFSEL 9lem, phyBE A= =9A7

oA Aol 9g 5 =
phyB #d4E 320842 YT At U F FFol B 5 vk AL AN

S
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Relative
chl content (%)
W o
o o (e]
I
—
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2% 25 AtPhyB £9 oA RAAdASe] 454 F B4 4w gz oy
A= A(NT)el Hlal AtPhyB 47 =dd A L&A S0 Az A54
stefo]l muis AS #9E 4= 2t} Error bars indicate standard errors (7 = 5),
and means with different letters are significantly different at P < 0.05 using

Duncan.

>
==}

200 -

ENT m#]-1 B#2-2m#4.3 mE5-]

150 -

100 -

Plant height (ecm)
3

(=]
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&
=3

WHeading ®Flowering

il

NT #1-1 #2-2 . #4-3 #5-1

a9 260 AtPhyB =% Al FZHSAES xF FH 4 A3 (A LMO
Aol el oA A EA] ALA (at Julian day of 273). #A IAFTE dE2T A
A=ZANT)SE AtPhyB A A AZA =] 7] zto]lE HoFET (Bar = 20 cm).
gpgkAl g wkzba sla g = g2y 2 JA) FEAZA| S booting/heading S
HolEth (B) XA Al AEA Aol F4 A (C) EAZNA A
2 EA) N Al7] ZAF A3} Error bars indicate standard deviations (22 = 3), and

means with different letters are significantly different at P < 005 using

8 8
S o

]
S
=}

Heading date/
Flowering date (day)

[
=)

e
S

Duncan.

- 130 -

webA 2] FH F o] 9l+= Brachypodium 1284 phyB (YVB) =9 A= ¢ =&



nsgenic
2

Non-tra

\

i
w
I
2
>
=
=
-

o o o o o
vw ot e oy o~

/) e YD

BdPhyB #15-4

=
g
xr
]
o

TR

¥ 27. BdPhyB

= 1:]_*8‘ BdPhyB 9.']/‘]1 83

Z A X
|

JINT)e] =] &,

Z

A=

KeN
=

skA 2] booting/heading

= oA A=ANT)el "l BdPhyB

wK

A3 gz

iz
o

TR

¢+

o
0

o
ol
)
Bl

Ton

J5). (C) Y9 Transverse
A A

=9k8)
=

o 284 74A

2 gk Aol

0

o] _
=a

-
a

=A(NT)H AtPhyB

Al
2]

CESAEE

section &M|7d AFZl.

&l

S Al
= 1

9]

t}. Bar= 500 pm.

A

()]
AR

i S i O
o O >~ v~y
P

< (ud) yysuay Jeay

o

=2

(wd) yypism Jear|

D@DHH

«
000000
m8647.

(wd) yysudy yeay

P o
%‘7\‘.\’%\'}

- 131



a9 28. BdPhyB =9 Al fAASA S o FFE B4 23 (A) 3rd leaf

A

LN

A3 (B) Flag leaf ¥4
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7k 2009 H-E 2014d7bA] =l B o] (T sobrlohll A oA Akl S Rske] A A

o 39159 oA FAAAG

F L o=uel A9 A =3 d8F (2014, 04. 08 A A)

Site No. of accession Site  No. of accession Site No. of accession
37| 66 el 41 = 10
5 11 A5 18 A 24
A5 8 A 86 Al 27
o 5 4 2] Ao} 23 m) = 1
il 13 d 28 = 31
L e o
; ] 7. Gangwon i ’ ; 6 5
| ‘China ; ) ol NJ
: W16910A3W2 |, 4 " odn
| 3 ~ s, i e 8
= | " . ik,
H A | (':-D.
:/i Taiwan | A 4 ./'ik 9
5 [ USA @1 ) %
: £ UK. H9®1@3 | /
; L O NP .1 qon 1 DR S T5x, TR PR (| - ) ! g g o oo e e e ;j;""":j"'
i | j
.;l‘,.:;. ‘ East Sea {g}/ (.\‘
: ihadng Korea\‘\ (& // f“
~ 214 | / Japan | L
e : > W25 ’3 P ‘./
; ‘ BN g
i : | = all
g ke Gl S
i | ol pe
E:126° i < A8 o W sinensts
: : : - "\ & M. sacchariflorus
Jeju South Korea A M. floridulus
‘B 26 ! ) i ' W M. lutarioriparius
A sl E 1258 E 135° @ M. x giganteus
g% 1wl A9 A}

G 2AE AR ARAES fA%n B oAfARd £4e 29 Agsm
sAY AP ofF A4 2 FAAY TS A4St SAS A oA,
o5 FAANES FFOIE A5H e polsto] wol ol 2g oM FE/ o] a3
oA .
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2. A2e HF BAFHY)
b BEA 54 2 SSR mARAL @ G BAoA AR Bzt el

=
) T2kl Dr. Ibaragi®te] 72 S E3lA SoolA] BixA ¢F
XY Miscanthus X ogiformis= 2213}

(th) ¢A"E Y2 M= Journal of Japanese Botanyoll Al A 313 S.

i&' :-‘ -/*"‘»
SNU-M-108
(M. x ogiformis)

7

M. saccharifiorus

a9 5. gl A BauRXA e AR AN F Miscanthus x ogiformis <l
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i}, olxle] SSRulAE o] &

(1) A =E AR T Ay
3372 U HAH fAvA 24

(2) SSRs "FAE o] &3te] oA FAAAES
A

M. x giganteus 2] 73

(3) &3l,

A]_E ¥

(B) F5 ol A=

N

o
g AR

A, AE CAE W 2dE)e AR

1=]
RUNe

Al

.
A H

Su87] 93 Ja} ool 42

gets ¥ ANE AT Wad

1470 2] EST-SSR markerZ

23},

= A M(M. sacchariflorus)et F M (M. sinenesis) 27\

So|= Eoa] AHAuto] &£3l= Ao 3

SSRs FIAE E3F EAoAE oA £33
P43t grouping = A& :@}cﬂa}g}ﬂ\%.

(4) 2A 270 Ao
3 w7l o F7F F-=s)

Z7HAAY, BaE 719

ATGGTGGTCCTCGTACATCG

3% 2. 4% SSRs wAFEA
r?a?xll%e Primer sequence 5- 3 grgez?)lgn Arlllc()e‘le S(I)) lg(%lens Reference

Mggal336 g %%%g%g%%g%%%g%éﬁ%ggg 61 5 M. sinensis  Unpublished
Mcgcl125 E %%%%%é%g%ﬁ%%ég%ggg%% 61 5 M. sinensis  Unpublished
Maggl3d 1 AGE L elEA LR LSEactEnT 61 6  M.sinensis Unpublished
Mgac617 11; %ggﬁg‘éggggéggﬁgggggg 61 4 M.sinensis  Unpublished
Mcag1647 g 8%%%%?&&%%%%%%%%%%% 61 7 M. sinensis  Unpublished
Mgagh47 E{ é%éggégg%%éégggg AAAAgg 61 8 M .sinensis Unpublished
Mgcgr2s 1, SCQLOCTCTACAMCANGARG 61 9 M.sinensis Unpublished
Mgge33d b AGeaaaclCOCCCatAlil 6 8  M.sinensis Unpublished
Mcggb61 g %IA‘%%%X%’EX%%&CAG(? AAAI‘(?SCAG 61 4 M. sinensis Unpublished
Mgcad73 E{ éﬁgg:{«gg%%é‘g%gégggggg 61 6 M.sinensis Unpublished
Mcgtg459 g gg%i%%%%%%%l}%%ﬁgi%%% 61 3 M.sinensis  Unpublished
Matglo77 1 GLGIGEIGCIGACCIEIGER 61 8  M.sinensis Unpublished
Mtcg737 g géggﬁggg%éég%é%%%%%ﬁ 61 4 M.sinensis  Unpublished
Mage21l T, FRGGCCACAATGCAGGATGA 61 6  M.sinensis Unpublished
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Relative fluorescence intensity(RI)
= mean of SAMPLE G1 peak
iG1 sorghum / mean of REFERENCE G1 peak

G1 Nog 45 M.sinensis

G1 No_160 M.sacchaliflorus

Number of nuclei

G1 No. b6 M x giganteus

25 50 100

Fluorescence: DAPI

a9 7. FAN, B 9F M. x giganteus ¢ flow cytometry B7IE E3 wj5A A o]
¥ 3. s X F 9 Flow cytometryS 3+ w4 H7}
21w Ao M. sinensis M. sacchariflorus M. x giganteus .
2190 A| 38l A 280 A 40| A 3uj A
X 14 2 2 18
371 19 4 6 29
o 2 1 2 5
] 5 6 11
A5 5 2 7
A 20 2 2 22 46
a5 3 3 6
A 9 1 1 3 14
A 16 1 17
A& 2 4 6
SR 7 1 8
o 6 7 1 14
2] A] o} 6 3 9
o] = 2 2 4
o gk 2 2
= 1 1
A 118 3 20 52 3 196
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Julian date

gk oAf e A e A 54 Bt
(1) 54 ool Zol, &4 - A5 S4H7}
OhH F8E e ZoF B AMSAVN(AFGEA, E, NsH ARE A FHAUN(S
2)sh REAT A3 et e () e 21 AT B S,
1st Shoot emergence date Flag leaf initiation date
180 280
160 4 ® o| 2601
140 240 1483
120 220 %
100 200 |
% 80 180 4
o L ]
= B0 160
8
= 300 300
S
280 280 +
260 | 260 &g
240 240 -
@] @
220 A 220 | ® 9
®
200 A 200 | @
@ M saccharfiorus ? @
180 | 180 1 ® M. sinensis ®
& M. x giganieus
160 . . . . 160 . . . .
0 50 100 150 200 0 50 100 150 200
Genotype No.
¥ 8 " Ao FoF B S]]
6 1st Shoot emergence date 280 Flag leaf initiation date
S i 1st shoot Flag leaf : 1st
Wy o ®e g = Latitude emergence  initiation Heading flowering
L | 240 2 s °
A *
LU 20 Latitude 1
100 ! i‘i‘ *e ® : 200 i: .
L]
& * "! J 180 $ e 1st shoot P 3
0 L 180 emergence
S5 Heading date 5 1st Flowering date i loat
ag leal - o
20 ] : s g g ., or, e 1 488 1
260 ’ 260 "‘
240 } l 240 3 !
5% ° o0 | ® . s s Heading -.829* .459* .922%* 1
200 ., 200 s,
b i B Ist 835 436" 891" 971 1
160 1 160 | flowering
32 34 36 38 40 42 44 32 34 38 38 40 4z 44
Latitude of collection site + One and two asterisks indicate a significance at 5% and 1% levels, respectively.
S99 FPE Ao AEd MRS D 2 ASEHTE A (L)
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1st Shoot emergence date Flag leaf initiation date

115 260
o o Latitude ~_'SESNOOt - Flagleal o i Ist
240 emergence initiation flowering
105 a@ oo -
00| 8o @ ;g@ 220
g % . Latitude 1
@% 200
a0 8
e & ® e - 1st shoot 197 1
L % 166 emergence '
c
8 Heading date 1st Flowering date
5 20 g 280 9 Flag leaf . *
S @ L -.801 282 1
o B o initiation
§ > .
240 .
Heading -.838*" .085 .886** 1
220 220
@
200
w0 @ 1t -.862% 078 868™ 961* 1
@@ flowering
180 1180 |
34 36 38 40 42 44 34 6 38 40 42 44
Latitude of collection site <+ One and two asterisks indicate a significance at 5% and 1% levels, respectively.

a9 10 98 2o 9= AREHU) D 2 AREH] FREA (L)

= gol =17 2}

(b duAe Aol Ad, Al 1 4G A 2 Fhe wWelE Z4F A%, Aol

2 Frkste AL HAF & Afdd vhelavis fge] B A 4WAY
2ol 2 A0E HAHAL

2012
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= S — By
; ) I 3rd - i 2
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ﬂ »\ 1l H
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a9 12, FHEE A A F 293z g A el WMl (2010720119)
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——SNU-1-057 (UK)

——SNU-M-00¢ (Z)

SNU-M-258 (JP) SNU-M-264 (JP)

*LA: Leafarea, SD: Stem density, ST: Stemthickness, PH: Plantheight, NS: No. of stems

S 14 F R el vho] o2

——SNU-M-001 (&71) —a—SNU-M-002 (Z21)

——SNU-M-006 (CHE) ——SNU-M-007 (E)

—+—SNU-M-008 (F=) —e— SNU-M-040 (2HH)

——SNU-M-046 (21 &) — SNU-M-090 (&)

NS SsT

SNU-M-093 (Z#) ——SNU-M-108 (B &)
—=-SNU-M-128 (RU) SNU-M-157 (E'=)
“—SNU-M-168 (%) ——SNU-M-180 (4 2)
SNU-M-215 (RU) ——SNU-M-221 (CN)
SNU-M-224 (CN) —— SNU-M-231 (CN)

SNU M 239 (RU) SNU M 245 (JP)

SNU-M-265 (JP)  ——SNU-M-057 (UK)

* LA: Leafarea, SD: Stem density, ST: Stem thickness, PH: Plant height, NS: No. of stems

a9 15 =l = =1 e) mlole v AR P} vpo] e s kAol -

——SNU-M-014 (HIF)  ——SNU-M-022 (Z21) Code PH ST SD LA NS
—e—SNU-M-032 (M| =) ——SNU-M-037 (M| =) SNUM057
—SNU-M-042 (RIFF)  — SNU-M-051 (UK) b 390 779 040 7213 44 =+=S5NU-M-057
NU-M-052 (UK) NU-M-054 (UK) (UK)
——SNU-M-060 (Z 1)  ——shu-u-072(Z71)
——SNU-M-075(ZJ]) —e—SNU-M-07¢ (2}) SNUH-O14 230 847 045 6308 73 +SN&"¢;0)14
—+—SNU-M-088 (2I#) ——SNU-M-095 (2}H) F,
T e (ER) —swuod @ SNU-M032 270 7.74 026 4130 65 ST - SNUM0R
—=-SNU-M-107 (B ') SHU-M-116 (2 ] HF)
——SNU-M-17 (BH) ——SNU-M-116 (2
SNUM-2D(E ). < SMIMASL SNU-H037 240 713 025 4644 64 — SN0
—SNU-M-"35 (RU) SNU-M-13¢ (T ) (A=)
——SNU-I-1B0 (1)~ SHU-H-162 (81 5) SNU-107 240 644 039 3104 192 ——SNUH-107
SNU-M-169 (Z'H) SHU-M-176 (RI ) 3Y)
SNU-M-207 (TW) SHU-M-208 (TW)
SNU-M-211 (S) SNU-M-21€ (RU) SN0 270 643 031 3037 84 ¢ SNL;ME-’WO
SNUM229(CN)  —— SKUM-241 (RU) (3%)
SNU-H-248(JP) - SNU-H-251 (4P) SNu-257 170 881 135 4100 120 SNU-M-257
SNU-M-253 (JP) SNU-M-257 (JP) (JP, Aso)

* PH: Piant height (cm), ST: Stem thickness (mm), SD: Stem density (glem?),
LA Leafares (cn), NS: No. ofstems (/0. 18m¥), EY: Estimated yield ftonha)

Pe GAx) vhol orl s AAkge] S5 el

PH
Code PH ST SD LA NS EY 10000 §
MUIET 390 779 040 213 44 U5 “‘”’”/\ SN
(M x giganteus) 6”0% (UK)
SO0t 210 442 033 2134 150 278 s )—76\\\\\ st _._SN(Umhg‘g)m
U6 280 469 03 2168 114 269 -
SNU{;I&{MG
UG 200 546 030 362 160 273 (22)
==GNU-M-108
SwH21 300 500 038 3800 80 265 : @)
i R " / — SNU--231
Lkl o 8 .kt ) W R )

3

84

10
== 80 - 8
£ E
© E
= n 6 -
£ 40 g f - l n
=] =
5 k=
z L 4 of (i
£ 1 = i |
e : -
) I ”H i
|||| 3 Il D
400
1 M x giganteus 1.44
.\ sinensis
i M. scoharfionis 124
£ 300 =
o I l = 104
: | :
2 200 Jfflem I Uikl !I B 08
]
= I 1R ‘ 2 g5/
ol w -
& ' =
z 100 S 044 . i
0.2 4 ‘
0 b 1 0.0
] 10 20 30 40 50 G0 70 0 10 20 30 40 50 60 70
Genotypes
[e)
g 16 AdE = =g 9A ALY 7] A% 54 v
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Plant height (cm)

No. of stem

M. x giganteus

M. x giganteus “

i
o

@ M sacchariforus
® M sinensis
< M xgianteus

O
o
I

Stem diameter (mm)

© M. sacchantionus
® M sinensis
O M xgiganteus

Estimated yield (ton ha'1)
> 8

Leaf area (cm?)

o] 10 20 30 40 50 60 70
0 70
Genotype No. Genotype No.

=

a9 17 AwE Ao B9 9 MRy, 44, 4%, 49, 245D

(1). M. x giganteus®] canopy structure &4 <7+
b A AA F 4] canopy POl dHEEHE ASAR(2E, 2L, 4 &
=

A4, rhizome AS5EEE F3 vlo]om2 oF 2 H7}) ELERAS 2 A
& E3te canopy B Hlel w2z NS 5T F e RES 75T F
Ue A Az,

(W) A M. x giganteuss &3+ 3WdA74A 9] canopy structure A B #A]o] o] F
oo 4dx A 2 M. x giganteus® canopy structure w2413} ShA A L
=919 canopy structure 1-2 A2k ZAFE w58 8t canopy FA 2 Hlo] o.wj

2 A e 24 2 S e ATE ol FolE A4
Azfol WE canopy F4S AHERY FAFORRE o] WE Ao BFA

=
E%gl A7l ATEES g2t 2L 8 @ 5 9

L
=

=2

K
= .

e et = = ® 1styear stem s aAD
g . g f : 5 v 2nd year stem s 2
/ o 2 A7126m _3 4 3rd year stem /
! & Ol 1 il r ExNC] 150
7 ; y k S o
N g - =
- RSP 1 E |\ \
~--- . a5k [ Vg .
. g R 1 [ < A\ W 100
— P 1 G v [ :
& L @ = S I A B EN
- - [ N Hs-dnds Hodsdovls Ao 1k ;
ol -1 LA % a1l L 50 1
0
NN gl ML IATT
o g, X : ol !
20 T 2 — L 6
s bl ' \ M e LR 4
NEEE AR / [ L = 09
o[ 4-L%° 7 = =+ o ‘ ‘
) % ‘1 ‘IU%_Q ~ ) P 0 10 20 30 40 50
w 0 > Z S -+ i
s NN E 2 2 % B0 s s - Distance from center (cm)

a9 18. M. x giganteus®| canopy structure #@ AFSEA]
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14

12
u1styear

10 m2nd year
#3rd year

Mo. of stem

250

200

150

100 | |

Stem weight (g)

5D I B [

D_ LI rrrrrrrrrrrr T T T rrrrTr T rr T T T T T T T T T T T T T

1 B 11 16 21 26 31 36 41 45
Distance from center {cm)

a9 19 AxpE Al g 7] A9 2 A=Fetd)e e &

H

(3). 84 z=Egzo] gk Ao 84 B R A AT
(7h) g3l (drought stress)ell tigh A A2 whg AT
O WS st A9 Ay AEANss Hrke 4
AAgh A B oA AT SlEHd o, SqA7F 7 RIge AL
AbSE =E0 Aom AL,
M(M. x giganteus)®] 2] AFR-&S F7re A3
ZHJ&—/F Al AEo] 3HITS st on
I (performance index) &©°] W73dt A4S
< 2

°ﬂ T&sHA Z8F = 3

M. x giganteuse
@ sh7Izks deste] o
= 5%l A 209 AX
o % Hrksk A3 Fv/F
Al

of 5 Gy olx

mE B 401'

A
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M. sinensis

Photosynthesis rate
(umol CO2/m?s)

==

—-—cin-0
—8=5in-100
—=Sin-200

—=sin-200

6DAT
st S - 600 4
—W5s1

—WS2

—ws3
—ws4

—Wss
W6

003 6 9121518212427 3033 36394245
Days after treatment

N

N

=t Gig-600

[}

N
\_\,‘-
N

~

well-irrigated —

non-irrigated

10 21 3
Days after treatment

2% 20, ¥Rl wE oA} Wb JIHCA)9F s te] wE A o] A A wkg HIHAL)
(t) A (salt stress tolerance) Al A o digh WAS dolr7] 9s] Fteo] A
3
@O FolAAHew F7kgk A3 el the GRs #3% GRy #hs 78 7+ U=
@ FA3% GRso #¥ GRe #te AFE3to] A S 7H S Aolgta Az = AAF
Sl W@ o 23wy gAE A
@ H7Fsk A3 SNU-M-009, 012, 104, 131°] WAool A= Aoz gl
2100 80
% — 25 mM
= " 50 mh
280 - 100 mk
2 == 200 mM .
£ g0 —-a—- 400 mMN %
%: il : 9:
g AT T \"“‘"\"':\' e Ry e et
sl 10 20 20 40 50 0 10 20 30 40 50
Days after salt treatment Days after salt treatment
(EER X} MES) <SPAD value>
15
100 ——
@ 3 ‘{ - ;.‘? FD“\xl
) 1 i I £ w
CEg N : T 2
g3 N F 4 z
/| 9
£5 s = § 41  GRa(mw)
£ = —
o 8 20 FW:61.9
g DW:63.1
0 0
10 20 30 40 50 0 10 GR:g00
Days after salt treatment Salt concentrate (mM)
FEasE
a9 21 & wked mE 299 YA vk

- 146 -



# 4. 73" AN 75 & 150 mM NaCl s=olA Agykg 2 Udg &
% growth Degreeof
No. Scientific name Code Collection site
OmM 75mM 150mM tolerance
1 Miscanthus x giganteus SNU-M-57
2 Miscanthus sacchariflorus SNU-M-4 =L 3ot 100 85 40 High
3 Miscanthus sacchariflorus SNU-M-46 2iM 100 75 30 Medium
4 Miscanthus sacchariflorus SNU-M-90 g 100 60 50 Medium
5 Miscanthus sacchariflorus SNU-M-91 ZHHE 100 60 50 Medium
B Miscanthus sacchariflorus SNU-M-108 A alor 100 45 25 Low
7 Miscanthus sacchariflorus SNU-M-188 = 30| 100 75 45 Medium
] Miscanthus sacchariflorus SNU-M-200 HE e 100 50 25 Low
9 Miscanthus sinensis SNU-M-5 a4 ETXH 100 70 40 Medium
10 Miscanthus sinensis SNU-M-45 o1H 100 95 65 High
11 Miscanthus sinensis SNU-M-48 21 100 60 50 Medium
12 Miscanthus sinensis SNU-M-81 Z sS4t 100 75 50 Medium
13 Miscanthus sinensis SNU-M-89 ZHEM 100 75 35 Medium
14 Miscanthus sinensis SNU-M-97 &8 ch 100 60 38 Medium
15 Miscanthus sinensis SNU-M-107 AL 2% 100 40 25 Low
Code Species country Collection site
Sensitive biotype candidate
SNU-M-119 M. sinensis Korea M2 Uy
SNU-M-197 M. saccharifiorus  Korea 4 i SNU-M-197; SNU-M-131;
SNUM-200 M. sacchariforus Korea  ®d TR Bansitive i terant
Tolerant biotype candidate
SNU-M-008 M. saccharifiorus Korea E2 M
SNU-M-012 M. sinensis Korea HIE
SNU-M-104 M. sinensis Korea AH Bl
SNU-M-131 M. sinensis Russia lES
CON GRS0
Sy 22, ol YiE A vy o
o -
(th elAlel 454 Bt
I~ [e) =) = = ANE
O A9 £ A 24 AEE Destel WEA s B BrHIY 23)
=z o o) o
eh AN T LB BN M =3
= o B 2= = o o = =
W #FAAe] A FeA FHe e dEidol vta, A7) FAA A FHE
[e) >~ o = o S =] [e]
oo ABAo] ol YA e WEH Aot F2 HeFAL,
- [ o o)
@ 249 ETHAA deTE d5do] Wks
o= o) = =) L
@ A9 F=HHE A9 ZAE 5cm Axe DE st 454 H7HY 24)
b M. x giganteus HBE53A HA L.
= o) =] 22215 2
W A el A5 FielA F1E e Aol v, A7), AdA F Ao}
>~ 5 [¢) 3 o)
ANA FF g AA e WolAl7E =& AR FRAHUS.

- 147 -



Soil temperature ()

Air temperature (T)
1cm 5cm 10cm 15¢cm
Mean -1.76 -0.45 -0.78 -0.75 -0.33
Maximum 18.70 11.79 8.18 7.42 6.95
Minimum -17.70 -8.24 -6.34 -5.72 -3.80
100 —
&
&
2 e
<
3
= 40
5
W
20
1 51015 1 51015 1 51015 1 81076 4 51015 1 51015 1 51015 1 51015
Gyeonggi  Gangwon Jeju Gyeongnam Gyeongol  Gangwon Jeju Gyeongnam .
Miscanthus genotypes Miscanthus genotypes Burying depth (em)
UM FHAE 2590 %M FHAE 254 H R M. x giganteus 8 54
(1-5-10-15cm) (1-5-10-15cm) (1 -5-10-15¢m)
=2 2= 2] OJHQ] ]Oﬂtﬂ Al A x] ].
RA| 237‘1:1% A X—IE, 0= = EogJ§7
Cade Species 2t AWEZE OEM U=
SNU-M-O01 AL sacchariflonss DA B eu % N3 06
SMU-M-004 A7 sacchariflonss 93 Eit @ 17 NI 5B
SNU-M-OD7 AL sacchariflonss P &5 EA 74 N3 3
SNU-M-040 M sacchariflonss P PR 70 N 37 49
SHU-M-OB5 M. sacchariflonss 943 Erl| 142 N3 35
SNU-M-108 M saccharfionss @13 Bd oz 26 M35 30
SNU-M-180 A sacchariflonss DA Y UF 15 N3E 04
SHU-M-131 M sinensis A0 Ll ES 17 N4Z 42
SHU-M-210 . sinensis o Ebino 39 NI® 03
SNU-M-025 M. sinensis jLE] PPl 579 N3E 04
SNU-M-032 M. sinensis i ES 404 NEF T
SHU-M.079 . sinensis e EER ] 10 NI
SNU-M-086 M. sinensis i) HAFH 1115 N3 18
SNU-M-104 M. sinensis ] ad &2 B59 M35t 32
SNU-M-117 . sinensis fuEd EEE U] 15 NIF 33
SHU-M-152 M. sinensis fuEd L g 94 NI 43
SHU-M-162 M sinensis L] HEHa 3 N3G 32 _
SHU--190 . sinensis LE] FL 20t 23 N34 s ﬁ
SHU-M-164 M. lutsioriparus ~ $3 R EF] 3 N3E 4 0 20
it A ) Survival rate (%)
W x giganteusE Mo EEOH BOtZ2H, BE WMt
AME BT biotypes E ShUM-025 (B4, A | ZH BY
AHEE), 131 (EAM, 24AI0F HOHZF)2] RO (RO =
Tt e

a9 24 Aol e A kg B A A

ah A $elAle] eAlel AsF EgA S Bt

(D) sz s M x giganteuss EH3 15719 RS #lAle
el A A F- %%*é B7F 2 ds 5 A= MAY AS5S5AS H7
&, =°] U=

@ 2 FA Ang, 2% R LA
%
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ﬂiﬁ E3
M. x giganteus 60 1653 120
SNU-M-001 M. sacchariflorus ot FJ| 4 20 1120 13.0
SNU-M-002 M. sacchariflorus o AHJ| ue 40 133.0 125
SNU-M-014 M. sinensis gt W= 40 870 70
SNU-M-032 M. sinensis st HF 20 116.0 9.0
SNU-M-037 M. sinensis stz HIF 80 1487 113 S RefNE 5 J R s
SNU-M-040 M. sacchariflorus ot ZA LS 60 1290 117 . a SRS - EREIRE b
SNU-M-041 M. sacchariflorus ot MY &=H 80 1300 113 ’
SNU-M-046 M. sacchariflorus ot oM 40 1330 125
SNU-M-090 M. saccharifiorus ot ZAZE 20 1700 120
SNU-M-108 M. sacchariflorus gt ZE 22 | 80 1467 130
SNU-M-116 M. sinensis ot A EE | 60 1177 117
SNU-M-131 M. sinensis A0 HOlF 20 54.0 8.0
SNU-M-154 M. lutarioriparius o= MEEY 40 1540 110 AN S SN&M Mg
SNU-M-157 M. sacchariflorus o sH =M 40 135.5 13.5 A A sacchariflorusr M sacchanﬂorus
o == — — o .
a9 25 SHO A HAok AT T SwelA 1% £4H 34 Bt
300 200
EE Planted in Russia
=21 Planted in Korea 180 1
250
160 -
= 140 -
E 200 - 0
K £
= S 120 -
S 7]
-% 150 - w5 100 1
= S
€ > 80 -
8100 A
o 60
40 -
50
20 A
0 - 0 -
70 35
60 - 30 -
- %
£ 50 A < 25
Q ]
k7] =
) 40 - T 20 A
- 2
= >
D 30 4 © 15 4
] 3
2 ©
2 20 1 £ 10
o ki
w
10 A 5 1
0 - 0 -
Sop. 0% L2, 9%, 8, S0 ‘5. 9%, 9%, %0
0~y 0y, “0v, 20 0 L W - N 0~ 20, 0 L W - 91(,
r, /’V 2, /’V 2, e@ /'l/ /’l/ 2, /’l/ 2, /ﬁgg €65
We Mg We Mg ’7le ’74/@ ’7le 57 L We We MWe e ’74@ ’74/@ ’74/@ ! ’74/@ 2 *.

a9 26, SFeIA Ao}

Miscanthus accessions

% Zge) e 2dA 2YHLH B
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Sugar contents {mgig)
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Exe] Folsh AA e AL HAT & UAS
(4) =3, 13l A 237 AEA AKAEES] F7b7t Arabidopsis N EIEB =
o ohi Wl 2 74wl AL FAT  AAL
(5) Azl = AN ABIA 719 7 $-ol = Arabidopsis Y EAEB =% A& 327
b AgEAS ey =AY ) = AL g 4 9
A

Brachypodium Y EZEB =% A
3}

32 a7 o
2] oAl mEAAE oA} w
o] QYOINE frEF Aow HAHL,

- sep 12 I June 20
=3 Oct 15 B Aug 15
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£ 200
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19 31. Brachypodium Y EZEB ©¢ 3243k

(1) A2AH 3% 0, 30, 60, 120, 240 kg/ha & Deldte] M. x giganteus 3%

SR Y
(2) AAaAM = 60 kg N/haTw o] oAl =

- 1583
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o] A A 5EYS U39S,
(3) 17 39370 A&Hd Ao R A g B AT % Ao weh g

Aol7h Beds] EE AL B
(4) A2AM7E 120 ke/ha ) G20 WolAm™ 34U o]F TFolA oajel ERex

= [e) > 5 =
qE AL FAT F AAS

>0

o=

o]

[e]
= .

¥ 5. AAANH] o WE M. x giganteus? BSHEA
Nitrogen level Plant height No. of tillers SPAD
(kg N/ha) (cm) (no. plant) Loalstage value Py
0 104.8 3.83 10.17 37.21 0.766
30 101.5 3.42 9.92 39.25 0.768
60 125.4 4.75 10.92 40.39 0.774
120 112.7 4.75 10.75 41.08 0.772
240 122.4 4,75 11.08 42.73 0.778
LSD 6.56™* ns 5.08* 12,037 ns
40000 - 250000 -
350.00 — mlstyear m2nd year ®3rd year
3000 - EQDDD.DD ]
L =
£ 25000 1 £ 150000
20000 - =
= 15000 - 2100000
s 100.00 - g
o 50.00- GE' 500.00 - J
0.0o - 0oo J J

NO N30 NEQ N120 N240 N30 NED N120 240
Nitrogen level(Kgfha) Nitrogen level{Kg/ha)
% 32, AAAN] o E AXE M. x giganteus® ASEAJH] L

-1 a =
2 xﬂ/\wqcﬂ 7101;0_/,:% PR
&

(2) ol AA7F Avdete 2 AFor AFFo] ASH= As FAD 7 A+
(3) 3dA7EA o] A5 v E S8 A7) F5- 68 o] 5ol AN g AFol 2 D
Fe 7A= Ao YEe A7l A S stoln o] Fof A=k 3

B npol Qv QAT w5

o
=
(1) AAAEe] Aol 5710 cm AEF 44 ANAE AL X+ AL

¥ 6. M. x giganteus®] A2A17] D Ao wE 23(h) W BELSCLH) (193D
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Planting Planting depth (cm) Planting

Planting depth (cm)

date 5 10 20 SSPO® gate 5 10 og -5
June 1 194.8 194.6 195.2 ns June 1 7.2 6.4 5.0 4.13*
June 16 206.4 202.8 210.8 ns June 16 9.4 6.2 5.6 B>
July 5 181.2 143.0 154.8 ns July 5 5.0 3.6 3.0 ns
July 18 142.0 133.0 117.4 ns July 18 4.6 3.0 2.2 ns
August 4 111.6 58.6 68.2 11.16*  August 4 2 1.2 1.6 ns

LSD 12.17** 27.60** 26.62** LSD 16.58** 13.59** 6.47**

250 25
o5cm
o10cm i
£ 200 o e . 20 1
E 150 A E 15 4
= ]
%mu - Z 10
c
S =
o 50 5 | £
D . . D 1
B/1 BI1T 718 84 BT 7118 8/4
8 100
E k3 = + T £ _
g | z 80
Z i
o 60
%4 £
‘s 3 40
@ E
2
§ 20
=
0 o a T

B BT w5 e BA &/1
Planting date in 2011

6/17 75
Planting date in 2011

7/18 8/4

Measured on June 07,2012

19 33. M. x giganteus®] A7) B A Ee] mE Ao A5 (2dA

4500 2000
mlstyear ®2Znd year ®3rd year
400.0 1800
-E 3500 E&; 1600
£ 3000 1400
- £
5 250.0 540
& onoo + 1000
= =]
£ 1500 g 800
& 1000 = o
50.0 i Q 400
oo 200
E EE E E E § E E 5 5§ E o ¥
n o o w o g W o o (=) o o E E E
— (3] [ — ™~ ‘— (3] — (3] (%] =] [
¥y o [}
B/ 617 755 718 /4 =N
Planting time and depth B/
9 34. M. x giganteus®] A7) 2 AEo] upE AxE

oh. Ao At E(pilot) EFH 7}

(1) M. x giganteus® 2275 ZTFL wjd 2Asto] Az}
(2) A 43Z7A 2AE AR X HUME AHEd

9 AR AQato] Z71sle] 158/had 2o,

A% e FA8d o= FEAX ASA T F 8ol

- 185 -
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) 53 oF Ao AsE wmd dn £ v
Aol 2wl ol ol 4dApel EBE A £l 29]Q) 2 30%/hac] Pk vhe]
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Estimated yield (ton/ha)
[ee]

0
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2010-1st  2011-2nd  2012-3rd 2013-4th
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