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1. Al He]l 238 IDS A& 3 AF GbIDS1, GbIDS2, GbIDS2-1<5 poplarel] & #3%k
&to] GbIDS1 #FxdA7F spddd dAddaARte] A=Az #3letditt. GhIDS2
W8] 3t poplars shootinge 1o} dkZo] o] Foj X %] 9k, GbIDS2-19] A%
o= 2~ F%E F shootingo] A LUt}

. GbIDS1 &HAEA poplar®] 7% wild typeel Hla] deo]7} Aw ole] 47} Wttt

. GbIDS1 & dg A oA wild type poplarel H]3}e] chlorophyll®} carotenoid $H&F
o] F7tstal ol= FdH a5 VIR YR

. GbIDS1 P A 3A poplarQ} wild type poplare] X H| &
Axe] AL s ST 23 FAASA A A=
synthase(KS)®} GA20 oxidase(GAZ200x)9] Aol AWA™ Eafjol Fofshe=
GA2 oxidase(GA20x)2] HAFFFHTE 108] o] ol Awdd gAdo] HXFH= A
o slol 3 4 99t}

=

w3 EZ9 oA HALEE jsoprened A FH A Isoprene

synthase(ISPS)¢} carotenoid AJ3A e 8 ZA & A2 phytoene synthase(PSY)
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SUMMARY

I. Title
Increased biomass production through overexpression of genes of non—-mevalonic

acid pathway
. Purpose of the Research
1. Aims

(1) Overexpression of three Ginkgo IDS (isopentenyl diphosphate synthase)
genes in poplar to elucidate the function of each isogene.

(2) Assess how overexpression of GbIDS in poplar, Arabidopsis, and tobacco
affects transcription of downstream genes.

(3) Assess how the above-mentioned overexpression affects biomass

production of poplar.
2. Justification of the Proposed Research

(1) Biomass is regarded as an important source of carbon as fossil carbon
resources becomes depleted.

(2) Biomass is sustainable, renewable bioresource that could play important
role in green economy.

(3) Use of transgenic plant as biomass is currently restricted because of
possible gene pollution in the environment. However, clever use of

male-sterility plant renders transgenic plant practical.
. Scope of Research
1. Scope of Research

(1) Confirm increase of biomass of poplar overespressing Ginkgo IDS.

(2) Assess mechanism of biomass increase by using model plants.
2. Extent of the Research

(1) Establishing transgenic poplar

(2) Characterize the transgeneic plants.



IV. Results

1. Only GbIDS1-overexpressing polplar transgenic was viable. GbIDSZ transgenic
was able to make shoots, but failed to form roots. GbIDS2-1 transgenic failed
to develop shoots from calli.

2. GbIDS1-overespressing poplar cuttings grow faster with more leaves
compared to the wild type.

3. GbIDS1 overexpressing poplar had higher content of chlorophyll and
carotenoid in the leaves which led to enhanced photosynthetic efficiency.

4. GbIDS1 overexpressing poplar had higher level of kaurene synthase and GAZ0
oxidase transcripts while GAZ oxidase transcript level remained unchanged.
This would result in higher gibberellin in the transgenic. At the same time,
isoprene synthase and phytoene synthase transcription also increased, which
explains increased carotenoid content in the transgenic.

5. GbIDS2 overexpressing tobacco plant was constructed and found grow taller.

6. Tobacco GbIDSZ transgenic also had higher carotenoid and chlorophyll level
which resulted in enhanced photosynthesis efficiency.

7. In the case of GbIDS1 overexpressing Arabidopsis, earlier bolting by 5 days was
observed. Enhanced transcription of CO and SOC1 and down regulation of FLC was
consistent with promotion of flowering.

8. Role of each GbIDS was assessed by promoter analysis in Arabidopsis. The
promoter—driven GUS expression showed that GbIDSlpro caused expresssion
of GUS throughout the plant except for roots. However, GbIDSZpro
specifically expressed GUS in young tissues and roots.

9. Treatment of plant hormones to IDSpro—harboring Arabidopsis showed different pattern

of effect between kinds of promoters and organs.

V. Utilization the Results

1. Practical poplar line that can be applied in the field test will be established.
2. Possible application of the IDS genes in other crops will be pursued.
3. The current reseach resulted in two Korean patent applications.

4. Three manuscripts are in preparation:
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L =402 DS #v} U o2 biomass B4te] THH 488 A7) §8)ed,
7h 2EYo| Aol 239 As IDS FAAE FE A ], biomass B S& &
etar, Al e FAaAke Vs AtelE gy
L IDS Hde] xZeel REAEA o' HIhFo R nlolewjAE FAEE
A ol K] 38l #rdo] isoprenoid FFE9 FF AF{AE FAAL AAL

o ol sl Jge A=A ol

o

24, A7 e EeA

1. 84 gaddo] azde we}l biomass7t FR3 A EZA F&5 Tal Qi)

2 Biomasst A& 7158 AL LZ green economyl A FLE Aot} [1].

3. Biomass A4he #18to] A WE AES ol&dteE AL A FAEE &
b ¢H 2 AgE I gty Yy G Reks o] &3k fHx WYy poplars AR s
WA 7F Fask fAd F

WAE fgte] 249 AmAl 228 E ol &tk

L A7ide] e

7h 84 Akl FHE poplare] &3 IDS FAAES FiEste] AFGALI AL Fo
biomassE S A 7)== gHel 3t}

L olE #HA7F biomassE SHA7IE WSS ofrddiet HHlE o] &5t
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1.

2.

4.

a2 FUel 7= wHE

Biomass@ Fo]Z WA o] EAlsls dA AEAe olgt HeolHa oS ALeAE

o WA YA BE EE S4B ATFola el & ek

Biomass T & &3 A& AME S AFHEE WA 7] f5ke] gkt
Az EA o2 Wi= bioenergy? 3 FE|EA], L ©4o AlFdozA AW 2 &yt
o] Fa3gk AL Holvh. Biomasse ¥AFEE S5 A SR THE, o Al thA] W

322 A9 “carbon-neutral energy’ A4 FEwkaL lu}

Biomass® S & 918 st AeEo] 7lssiy, JAASAE o] &5t Wl F5
& A Qv AEe S EHA ddolelx, dUdvlt F9e SdAAA R P
W& WwormE bhiomass? SOl olE 808 FEd WEow ofF 4 Q= vt
A7 o] ) A Ee Ao #AHAsE dd FHAAE HLHIJAY, AE LS
248 F JdF AAJAE 28 AY, A EY stress Wold #A3tE FHAAE HEd
3Fo] 2= 9] biomass &30 o] & 4 vt Htel dHZA protein phosphotase C2
HEHS F3F9 biomassE 8-15% STXAIZ F ATt (United States Patent

Application 20120005787).

Methylerythritol phosphate (MEP) A2+ BHHAEA 95 isoprene 9 E &+

AREA, AluF HQl 1990 o] ko]l Sojebxof wel Xl 7]E 9] mevalonate 74 = 9}
= AE gE A2E HI o] 42 A EA plastidel €43 thiamined A A
I 2 2o #B3Ae] B¢ EUASE chloroplastd] 2o Z 23tk MEP A =9 #dx+
£ knock-outst® =2 Wst@AAo] doju A A Ak a2y MEP d=e] F8
T4 DXSH DXRE #itdsts =49k 7t2Rle) o] Frpeiva &E A ok

e = EoldtA MEP A& wmAut fAdxel IDS7F Al A8y, o5 zhzte)
7152 IDS1°] household 7] S, IDS27} o] xfthAle] B E 7|52 a3t Aol Aol
Hol )& W et &

6. MEP 4= FdAE nAdzolA Tdstd vgEe Ao it 9FE vA= 4571
B2, o= Hud MEP Az $34t=9 4o 7|ddvtar 434 ok 23y IDS

= MEP A= wiA9t @AE FHujstry] wjifeo] o EAVF JEFHUGE AAHES]
iospentenyl diphosphate (IPP)$} dimethylallyl diphosphate (DMAPPP)+= terpene # <&4F

=2 7 dgHnz e fd d&i= avx 2A @ AoZ oFdd
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(1) £=¢
B A AMgE 38 A EA= A2l Populus alba * glandulosa BH1E 2.2 9]
AATLe AAL 25 A0, WPM (woody plant medium: WPM salt, WPM

o

B EFE] | Zeatin 10 mM, Naphthaleneacetic acid 1.0 mM, 6-Benzylaminopurine 0.1 mM)
(Lloyd and McCown,1981)°l 4] Agrobacterium® &7 £7] FES g% olefolA 26°C
oAl wFslar, wigH 2 EAE SIM #] A (shoot induction media:1/2 MS, 2% sucrose, and
0.8% agar®} RIM(root induction medium: MS, 3% sucrose, agarose 1.5%, 2,4-D 10 mM,
Naphthaleneacetic acid 1.0 mM, Benzylaminopurine 0.1 mM)& <3202 &7|a 3%
ofg ol A} 25°C, 60% s ol A 24412 &<t vkttt A7) wjdd A EAE Sto=
&7]5L 7Y AR B& FHshodth

2 g Ag¥ @) 2 EA| (Nicotiana tabacum cv. Xanthi)s $EW 1/2 MS 34 H|
(pH 5.7) ©llA] 23T, 60% %%, 16/8 hr Fx70] AFFolAl 719t 7] vl A g
NEAE 27 A8l F4ET70% ethanol (15)3} 2% NaClO (5#)olA 25& shal =2 2
A F B7]E AAS $ 1/2 MS 32A] v A (vitaminsE X 3st MS salt 2.2g/L, sucrose

15g/L, MES monohydrate 0.5g/L, agar 8g/L pH 5.7) ol 3153} t}.

(3) oh7]7h

2 A AEE o7 Fd AEAE okAE<Q] Col-0 ecotype (Arabidopsis Biological

Resource Center, Ohio State University, Columbus, Ohio, USA; stock number CS3176)-S

ARSI FAE 70%(v/v) Al EE (158)3 100%(v/v) o % (washing 3¥)& 2583
e F 1/2 MS Al #i A (pH 5.8)el #Fa it 23t AT, FFEHE AZ F 23T, 16/8

Fxe] Ha AABAA T 5 ok el AREsFh

J

hr

v d2Ad3 HEA Y A
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(1) #e e Azt

pBI121 #E(Clontech, USA)9 Xba$t BamHl ¢1%] B9& £l &3} (Ginkgo biloba)
o 5l ¥ IDS1 ¢DNA(GbhIDS1, DQ251631) ¥+ IDS2 cDNA(GhIDS2, DQ251633) H+
IDS2-1 ¢DNA(GhIDS2-1, DQ251632) open reading frames A9 sle] Wy HAEHEES
ATt %471 IDS FHA7E A€ pBII21 #lE 9] HAAEE Fig 16 B

TAF o2 IDSI, 29 2-1 ¢cDNA® ORF(open reading frame)ol|4 5 ¥e &= 32 7+
Ztell Xbal Hi= BamMl AE &4 5915 Adst7I9stel gAQddt 2efol (Table DE
o] &3] 94T (HBE) leycle, 94T(1HE), 60TCH) 72C(AE)E 3beycle, L8]l HEHO 2 7
2CGRE) Aes z4stddA PCRE F&stial 53 4= cauliflower mosaic virus (CaMV)
35S ZREE7L gl pBII21 WE o] 4F9iskdtt (Fig. 1).

NOS- — NPTII 1 MNOS- [— CaMVSSS 1 B-Gluvcuronidase NOS- 71—~
pro (Kan R) Ter | | Promoter (GUS) ter ‘
s N 2

Fig. 1. pBI121-GbIDS vector construct

2 A=A d4ds O

h 229

A2 HAE Wi GhIDSIH 2 F3d7 A #HErE A
strain LBA44049] <44 wixle] 202 &<t w1a Wit ofxel 29 Ax &3t v
kanamycin 50 mg/l, cefotaxim 100 mg/l ©] ¥ CIMIA(MS medium, Sucrose 3%,
agarose 1.5%, 24-D 10 mM, Naphthaleneacetic acid 1.0 mM, 6-Benzylaminopurine 0.1
mM)el 2¢ &S 26T = Bl& AN wjgadint. 7] oj2AlE CIM2 six|(FP=2
YA e CIMel HE& XA A 219 &t F71 vjkstar 25wt A28 s A2 W
23t} 21U A 28 o] AHysk & A dEE AeAE SIM H X (WPM medium, Zeatin
10mM, Naphthaleneacetic acid 1.0mM, 6-Benzylaminopurine 0.1 mM, Sucrose 3%)° 21¥

o

_12_



b HE ZAbsbHA diFstar 25wk 23k wikEtsith A" #AS RIMMIA[(MS

medium, Sucrose 3%, agarose 1.5%, CIM3} U3 IR EZ FA)oA Flvto] 2l A &A

N ARS ~aEdste] dEsidtl 35Y A 409 AR SO, Bejrt dAdE AS s
2

o® §7/n Eelegd Mg ¥ 5:1°CE 4519 3

Tl gle] B85 7 x 7T mm A2 FEhla 7] Z2E3l de GhIDS2 AAEFEV

(2

=49 Agrobacterium tumefaciens strain LBA44042] <4 A wjx|of 158 &t @1 A
sl dE #Ho)He] Eadt 3 Tk wlx|(30 g/L sucrose, 2.0 mg/L 24-D, ¥ 70 mg/L
putrescine, ¥ 7 g/l AgarE &3 MS medium)oll A 25C gxA o =2 wjkssdt) 2¢

oF viet 3 explant® 50 mg/L kanamycin ¥ 200 mg/L Timentin®] $Hf-¥ 2olf%= Hj

]

oft

Z1(30 g/L sucrose, 2.0 mg/L 6-Benzylaminopurine, 5 mg/L silver nitrate, ¥ 7g/L Agar”’}
g MS medium)Z &3 oh&, 2579kt HiXE WSS 57 $o] MS salts ¥
vitamins(Duchefa, Netherlands), 30 g/L sucrose, 3 g/L Gelrite, 0.1 mg/L IBA
(Indole-3-butyric acid), 50 mg/L kanamycin % 200 mg/L Timentin®] &% B F=
Aol FAASE AE {7AL o] F 1643 FUIE HE Al A 251 T A 309 &<
ksl Wi - FHAHSE HES FoE KA HEddEE wom Yol &

= 3T
Aol wustart. 159 43 F

o,

EE FASESE A 25£1TE A8k 1 Y F<
2

=
71 Mol 7e Wi 4] Aes S wAT

GbIDS ¥¥ AX~EZHEE Agrobacterium tumefaciens strain C58Cl1oll =% & floaral
dipping WH[2]& AF&3sle] of7] e FHdE 3ot FRAEA 7| H =R
HAAZ 45 o]F F£53 FAE 50 ug/ml FhyetolAle] ¥d9 1/2 MS H] x| (v ep-&

¥3%3 MS salt) sucrose 15g/L, MES monohydrate (Duchefa, Netherlands) plant agar
8g/L, pH 5.7 #&3lo] P dgko] dx A 7| HdE o] &3l AFE A3 AHT].

_13_



(1) 92443 2] &2 Genomic DNA F%

A AxE wol FA 1 HEA ofd o A& Igel 500ut 2x CTAB (Cethyl tri-
methylammonium bromide) =<9 (2% CTAB, 2% Polyvinyl pyrrolidone, 100 mM
Tris—HCl, 25 mM EDTA, 2M NaCl, 0.5g/L supermidine) ¢} 24{ B-mercapthoethanolS %
of BEElo=z & 4o & F 65Tl 30 &<t vigstArh 20F &k A2elA 2EE
% chloroform3 isomyl alcohole] 24 : 12 E3% &3] 500uS Yol Eeydoz 2 A

S Aol A 1583 5000rpmel A A4lEeE skt BEde MERS FEE %713 05
ml 8] o] AR S-S YWojA 20Tl 3074 1A1F AR ¥WolF31 5000 rpm, 1083+ 4
Lol A AR FFAEs MEa S 70% e E JhHA Aoldl & TEvh 100
wt TEQQOmM Tris pH 8.0 and ImM EDTA pH 80) €k=o] =o]ar 102 RNAase2} 50
p TE WHE Yol 37ColA 3087+ vjde & 10409 sodium acetate?} 320p ] of &+
= ¥o] -20TeA 1Az EF viekstdvh. &S 5000rpmel Al 1568 &< A4l Fe e &

Aeds WEal 70% oS = A Ao W & wE]al 50ul TE WHe| =9 genomic

rlo

[e]

©
g
O
=
o
offt
(3
ofl
X,
2

ok o5

el
r

23 IDS 2 A2l ORF-PCRY *=&o|mZ (Table 1) 94TCGBE) leycle, 94TCTAE), 60T(1L
) 72T (1) 35cycle, 72C(5BE) 1 cyclee] 273} oA PCRE £&3FaL, (PCR =7 - 101
gDNA(100ng), 0540 Takara Ex tag, byl dNTP, 5ul 10x buffer, 22t 1pd primer, 27.54¢
distilled water) =Z2HE-$ 0.8% Agarose gelol loading 3te] UVE E3dle] dl=& &<ls}
At (Fig. 2).

gt

A AAE o] TR A 1g9] AEA & A AUk #A Zol AREE 2m
FH il 1mle] TRIzol(Invitrogen)e 2o 65CeolA 523+ vl stk 12,000rpm, 4T,
A

g & Asds A2 FEZ &7 ¢ 539 chloroforme %3l 30% &

_14_



¢k vortexing 3te] # 410]F AL 12,000rpm, 4T, 1583 94 B8l A qe =S
FEZ &AM &9 isopropanol, 1/2 &%l 0.8M sodium acetate?} 1.2M sodium
chlorideE 3+ el H7}3tAvk. 12,000mpm, 4C, 1087 94 223ty A RS HeEla F
Hof| e #Hlgof Imle 75% olet&S ¥i 22 7oA 94 &8 & A Ae AAg
I AzE3ATE 50402 RNase—free waterE FHOl ¥o] pellets =9 RNAE 1|3,
Nanodrop ND-1000 Spectrophotometer (Thermo, USA) 7]7]& o] &8 2 E& =A3}3}
2pg2] RNAC 2u09] 10x W3, 102 5Mm dNTP, 2402 10uM oligo (dT)iz2Zgko]™, 1ul
RNase A 8l 4| (inhibitor), 1x¢ Omniscript reverse transciptase(Qiagen)S 41o] & HF-3E 20

= BEEaL 37°Col A 1413 95T ellA] 5&3ka WH-g-AA cDNAE 9733t

(2) Quantitative real-time PCR (QRT-PCR)

h =9

FAASRE xE#9 wild-type £Z8 o] AuHd #A {FHAxe] T FF Ao)E vl
7] 913t KS(Populus trichocarpa ent-kaurene synthase; Genbank accession number,
XM_002311250), GA200x(Populus trichocarpa gibberellin 20-oxidase; Genbank accession
number, XM_002322396), GA2o0x ++dAHGenbank accession number, XM_002330540),
isoprene synthase (Populus alba > Populus tremula isoprene synthase; Genbank
accession number: AJ294819)2} PSY (Populus trichocarpa phytoene synthase; Genebank
accession number: XM_002306718)& o]&3}l9 o™ 7 FAXE Eoldo=z FE3l7] 93}
o] Table 19 7|4 € Zz}o] & o] &3ttt [3].

QRT-PCRS Rotor-gene 2000 Real Time Amplification System (Corbett Research,
Mortlake, NSW, Australia) 7]7|Z SYBR Green PCR system (Takara)®. = F33sic}. 2
HES-2 25,402] 2x master mix, ZF 2 ¢ (10 pmol)® primer, 1x{ cDNA(100ng), 2040
RNase—-free waterE 43¢ 95T (15%) 1 cycle, 95C (40x)9} 52T (40x), 72T (40%)9]
40 cycle 274 o]Fojxu. A FA(quantification standard)-s $3Fe], ¥ 79
ubiquitin F4 H A AHXM_002330540.1)- o] &3t o o= vhS3 o] A ZFEE
t} (Table. 1).

_15_



Table 1. List of primers used in this experiment

Primer name Forward primer Reverse primer
5-GGATCCAATGGCTTGCAGTTG 5-GGATCCTATGTGGCTGCAAGGC
GBIDSLORF) | Jatig Tk
GBIDS2ORF) | 2 GUATCCAATGGCTCAAGCTTGT | 5 GG ATCCCGGGATCCCTACGCT-3
5-GGATCCAATGGCTAATGCTTGC | 5-GGATCCTATGCTATTTGCAAAA
GbIDS2-1(ORF) , ,
CC-3 CTTCTTCC-3
5-CAAGCTTGTGCAGTATCAGGC- , ,
RTGbIDS2 N 5-CTCAGAATCCGCAGTAGTGGA-3
, , | 9-GTGAGTAGTGGTCATGGAGCTG
RTAtCO 5-CGGGTCTGCGAGTCATGTGA-3 AA-T
RTALSOCL 5-GAGCTGCAACAGATTGAGCAA | 5'-CGTCTCTACTTCAGAACTTGGG
CA-3 CTAC-3
, , | 5-CACAAGTTCAAGTAGCTCATAG
RTAtFLC 5-GCATGGGTCGCTCTTCTCGT-3 ,
TGTGAA-3
RTPopKS 5-TCGATCGGCATTTTAGGAAG-3 | 5’-AGCTCCCGAATCCTTCAAAT-3
RTPaGA200x 5-TTGGGTGATTTCCTCTCTGG-3 | 5-TGGCAATTCGAAGAAGGTGT-3
RTPaGAZ0x 5-ACACTTCTGGCCTGCAAATC-3 | 5-GCTGTTGGTCAAAACCCTGT-3
RTPalSPS 5 -GGGGGAAAACATTCTTCCAT-3 | 5-GTTTTGAACCACGGCCAAAGT-3
RTPaPSY 5-ATGCATCACATATCACACCCAA | 5’-CTCCTAGCATCTTCTCCAACATC
) A-3 TC-3
5 -CTCCAAAGTGAAAGGCCAGGA | 5’-ACTGTCAAAGCTCTTGGTGAG-3
RTPopUBQ , )
TG-3
(1) )

QRT-PCRE 99 U3t 7|72 $859uh. 7k uke
(10 pmoD)®] primer, 1u¢ cDNA(100ng), 20u¢ RNase-free waterZ

2 254u02] 2x master mix, 2 2 ul
Mol 95T (168 1

cycle, 95C (10x)%} 60T (30%) 40 cycle 7oA 433} t}

(th) i 7] eh

QRT-PCR=

Rotor—gene 2000 7]7]% SYBR Green PCR system (Takara)2. 2 <33} t}.

7y WhE2 25409 2x master mix, Z} 2 w0 (10 pmoD® primer, 1xf cDNA(100ng), 20ul
RNase-free waterZ 43¢ 95C (15%) 1 cycle, 95T (10x)¢ 60T (30%) 72T (30%) 40
cycle 7oA o] Fojrl. Zt7kel g Aol Zefolw = Table 13 #Zo] A2hahsdth

_16_



TAAeRE A3t #¥ FAdA= SUPPRESSOR OF OVEREXPRESSION OF CO1(SOCI;

GenBank accession No. NM_130128), CONSTANS(CO; NM_001036810) ¢ FLOWERING
LOCUS C (FLC; NM_001161231) +# A} o]},

vl 44 A3 A E A 9 chlorophyll ¥ carotenoid 3% A

Az A HEA 9 Fol & ARE s
1_

>
&3
J
o
o [l
>
mal
ol
o
8
iuf
iz
(03
o
ol
—
O‘l
:|:1

Aok, 2uie] 2t A 9 E= SR oR $7A 85 A xEY AEA o 1g=
HApAbe] ol Al A ARE Fo] wAl Aok dvh 50mle] FHl ARE Hal o 23

A 40n02) 80% OFAES FHel Wol 15~208 FE 2 46]F Ik 4500rpm, 4°C, 155
oF A4l EEste] AN e A FEE HAFATE o] AALS AKEHA & = shel A
gatgom 8 A AAAS 470, 645, 663 nmelA FHEE AT 1
chlorophyll®} carotenoid &#-& th&9 218 F3to ALkt

4 o

K

- (mg) (12.7 X A663 — 2.69 X A645) XV
*\g 1000 X W

mg\ (229 X A645 — 4.86 X A663) X V
Chl, (—)

1000 X W
Chl (mg) | (8.02 X A663 + 20.20 X A645) XV
“b\g/ 1000 X W
ug 1000 X A470- 1.82 X Chla- 85.02 x Chlh
Carotenoids (—) =
mil 198

. @AAH AR FFA D

L

A

A

2

o] 2% 107d X Zele 2ty di 125 gl Ztu
(Li-Cor 6400, Li-Cor, Lincoln, NE)& o]-&3}o] 33t e
LED (Li-Cor 6400-02B)°e]21t}. 30+7Fe] 100 mmol m

Lf‘
o
BN
S
>
o
hins
o
e
DO
e
3
@
&

5 380 umol mol 'FF 23 mmol mol ' ZAoA =Ao] o] FojFHu}l. AAA Yo B
77.7 umol m %s (Li-250 A Light Meter USA)¢] St}
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Ab 239 IDS E2RE 54 A7

S|
&

ne

714

2

(1) Z2EE 99 w¢ =

A

238 IDS13 29 Z2RH 99E& TAIL-PCR (Thermal asymmetric interlaced
polymerase chain reaction)& &3te] 2|3} Th 50ul ¥H§ Al PCREY %71 1xZ 100ng
9] genomic DNA, 0.2uM gene-specific Z&to|™, 540 4x AD 2Zgto]n, 05T Ex-Taq
polymerase(1unit/0.210), 540 10x buffer, 3u0 ANTP mixZ 7}8dvy. 283 23} vk& A<
= template®Z gDNA thHAl 12} w-&9] PCR productE 254] 3]418le] A7} skar 3z wr&
Aol = 22 PCR productE 20W] A ste] HojFoloh. & o &AAM3 PCR =73} Zeglo]n
AKX Table 29F 39 Aelsl9 vl GhIDS2-1+ ¢F 800 bpE AR ern AFo| A Fo|r)

Table 2. Cycling conditions used for TAIL-PCR.

Reaction
Cycle Thermal cycle condition

no.
1 94°C (5 min)
2-6 94°C (30 s), 62°C (1 min), 72°C (2.30 min)
7 94°C (30 s), 25°C (3 min), raping to 72°C
over 3 min, 72°C (2.30 min)
Primary ] ]
94 °C (30 s), 656 °C (1 min), 72 °C (2.30 min)
8-22 94 °C (30 s), 656 °C (1 min), 72 °C (2.30 min)
94 °C (30 s), 44 °C (1 min), 72 °C (2.30 min)
23 72 °C (5 min)
94 °C (30 s), 65 °C (1 min), 72 °C (2 min)
1-12 94 °C (30 s), 65 °C (1 min), 72 °C (2 min)
Secondary 94 °C (30 s), 45 °C (1 min), 72 °C (2 min)
13 72 °C (5 min)
1-20 94 °C (30 s), 45 °C (1 min), 72 °C (2 min)
Tertiary
21 72 °C (5 min)

_18_



Table 3. Primers for TAIL-PCR

Primer Sequence
GbIDSI-1 | 5-AGGTTCTGAGCTGCATACCACAGCA-3'
GbIDS1-2 | 5-CTGTTCGCAGTCCACATGGCAA-3'
gene—specific GbIDSI1-3 5-GGCCTTAGTATCAAACTCCTCTGCATCTG-3
primer GbIDS2-1 | 5-GTGAATGTGAAGCAAGGATGCCTGAT-3'
GbIDS2-2 | 5-CCATGGCACCGTGTATTACATACTCTCC-3'
GbIDS2-3 | 5-AAGTCTCCTTCTTGTGGCCGAACC-3'
GbIDSIpro-1 | 5-GCCACTTGGCGAGCTCTCCAA-3'
promoter | GBIDSIpro-2 | 5-CCATAATGCAAGATAGGCTCGGTCC-3'
region GbIDSIpro-3 | 5-CAAATGTGTGCATTGGATGATGGAGAG-3
specific GbIDS2pro-1 | 5-TTGTATACGGATACGTGTAGATAGTGGCG-3’
primer GbIDS2pro-2 | 5-GTGTGGTGCATAGTGTATACTCGTGGTAT-3"
GhIDS2pro-3 | 5-CGAAGTGACCAAGCTCGGAGCATC-3'
G‘fDOIPWSalgo 5-AAGCTTAGACAAATCTGCGTTGTT CA-3'
Dromoter GDIDSIDIO | 5 M TAGACCAACCGGTTTATAGGAGGA-3
primer GRIDSIDIO | 5'- AAGCTTCATAAATAGTTAAAAACACCTCAA-3
GDIDSIPIO | 5 1 CTAGAGGT TTCAGACAAACTAAACCCAA-3'
(AD1) 5-WGCNAGTNAGWANAAG-3'
(AD2) 5-AWGCANGNCWGANATA-3'
(AD3) 5-NGTCGASWGANAWGAA-3'
_ (ADA4) 5-AGWGNAGWANCAWAGG-3'
AD primer -
(AD5) 5'-GTNCGASWCANAWGTT-3'
(AD6) 5-TGWGNAGWANCASAGA-3’
(AD7) 5-WGTGNAGWANCANAGA-3’
(ADS) 5-NTCGASTWTSGWGTT-3'

(2) GUS 9~

ol

N

activity =4

23§ ¢] IDS promoter’} 4 ¥ &2 dst
W o® A3t aetivity
fste] Al HH 3
olazFow FebA Fdn 7

f 7] HHNE 0.196 X-Gluc &4l A Jefferson =
sttt [4]. A& =4 O T AFs A& &<2l5H7)
3lo] embedding 3} S ET vf

H
=
E“]X

Rl

[e)

L

Spurr’s resin kitE o] &
o2 HEEA T

G sectioning
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1. GbIDS1 F2dg A=A Fu

Kl

7h. &Y

Agrobacterium-s ©]| 83 P HE WY&

F3Fe] Table 49} #Zo] Callus F55-¥ Pot=

o4 Wge Eshe] A 87 #ele] GhIDSI HuH FHABAE FuATE GHIDS2

rir
HE
rlo

4 2HA = shooting 7}A &=

A%
D 1% pot® o)A@ F Aol FAH uAsdong o o A9

2uynt 7psE oy, Ao ARy wEkA

N
fito

kL 2
gtk ol % IDS1 B4 A#A 5< A=sth ORF PCRE B8lo] 22Uz 4gla
GbIDS1 §AA2] £9) o7 2 gHelslgdar 8719 lineoll Al ORF size(1425 bp)e] W=& 3t

ekil 71 HolHE 5 AT (Fig. 2a). 2 249% Age] AQA7He] FA57)

FEFAALY GMO 2Fo2 o)2ld 12 FAAI ¥ Z e 2 EAE Sy HAnz
gto] R Abdsle] 32 d kel 23 FAASE APkl 23 FH A Sl A= GbIDS1%
e w vhE IDS F@A GbIDS2-19] FH AT WStk o] HAE Fhe]

GbIDS1 A A A 971 #}elg A or)

GbIDS2-19] 79|+ shootingo] H#| o} <

ol A Held A&l

Lo e GhIDS1IS 5 A3 A& AAo] velar, GhIDS2E oA F=2 u
1=

ool A= GhIDS1S BEE A<

& A=A AASH GbIDS2E Melsh BAEA FolAW BAHE Ao et (of
]_

71%E M3 Jo, AR AAL e i
wh= Ao Y)Qlsthar AZETE e 22 poplar
=

o] xAd 7|AE
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L

Agrobacterium-s ©]&3% A% ”J‘ﬂ% Fote] GhIDS2 HAHEAE ddem ORF
PCRE &3l % el A% oF 1400 bpe
Z AHEo] AlxF e, o= GhIDS ORF 2 Z7|7} 1425bpd & ¥ 3H IDS2 F A7k
el A HAS5S ¢ F At (Fig. 2b).

>
b
iRy
£
-x
mlm

O
_0|L

2
:L
ot

(1
N,
ot
pirl

L= I P )

Agrobacterium-s ©]8% FAAS WS Tt GhIDS2 HEAHIAE Ao ORF
PCRE& &dlo] A4 =i sl 248 @ of71dhe] 4% oF 1400 bpe]

% At=o] Azl IDS2 % FAAE HAes & U (Fig. 20).

o

)
>
N
N
2
iRy
i)
2

Table 4. Summary of poplar transformation.

Gene GbIDS1 GbIDS2
Callus induction rate 40% 11%
Shoot induction rate 80% 50%
Root induction rate 65% 5%
Pot survival rate 99% 33.3%
Number of transformation trial 4 5
Number of Putative lines 21 5
Number of confirmed lines 8 0
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M 23 6891015

1,500 bp
1,000 bp

M 16 W1 W2 W3

(a) (b)

M1 2 34 56 7 8 9 1011 12 W1W2

— R = e o
-—
._" - .- .‘(— 1.4 kb
(c)

Fig. 2. ORF PCR of GbIDS overexpression plants.
(a) poplar (b) tobacco (¢) Arabidopsis

2. GbIDS1 #&o] A& AR vA=

Rk

(1) ®=2
GAAR LFY GRS poti ol 279 8F A Fo] A P vlwd Ay P
# £Zell dol 2 Aol $7b @ob AF £Eob wild typeel MBS SFF AL )
ST (Fig. 3. SAzANN ) A3t AsldlAe] Qo] thE A9t B W] of 4

g AP Askel oks] el o] HHAAY AEF whsh o] Faw v B

EAES £ 4
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Az 9lsto] 3apd el 2% A9 volHE = dHlel

A A= wbEo] Wyl sk 22 dE A Aol F

A e R B R - =
stol A 9719 =S FHE

‘b‘ m>«

Fig. 3. Phenotype of wild type (a,b) and GbIDS1 overexpressing polpar (c, d).
Upper panel is two weeks after potting and lower panel is eight weeks after

potting.
(2) Ty
GhIDS2 2 dSHA v} wild-type @ole] Zo] A AEE vjwst A o] o] &
e A FAAEE H@HHlE 96cm, wild type B¥ 68cmz, FAAZA 7L oF 40% A=
o A es & & Au (Fig. 4).
(3) of 7]y
GbhIDS2 A A3 o 7|3 2 EA = wild type 2l =Aol wldl, FdiA] A o F7) 2

vl @3l (Table 5), 718k A1717F oF 54 w=30 (Fig. 5) 84 &71% AojAd Aol ¢
27 dojut
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Fig. 4. Phenotype of GbIDS2
overexpression transgenic

and the wild type tobacco.

Average bolting days afler sowing

Figure 5. Bolting of GbIDS2 overexpression Arabidopsis thaliana.
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Table 5. Number of leaves of GbIDS2 overexpresssion A. thaliana it

bolting.
Genotype Total leaf number Bolting days after
at bolting Sowing
GbIDS2 11.15+1.27 20.45
Wild type 9.13t1.64 30.23
g Fdi(bolting) ¥ FAHS 2 EA9 3t £7]19 AolE 3F & #EATE wiAH
3FH dAAZ A=A Zol= 26emE wild typeol] Y3 4em7F Z St} (Fig. 6).
’ \'%j
’ '!n b
Fig. 6. Phenotype of GbIDS2? overexpression transgenic and wild type
Arabidopsis thaliana.
Y. Qo)A chlorophyll ¥ carotenoid =
1) ¥x=9
7h 12 34 A8A Ax
GbIDS1 dAAg ¥Zv9t wild type =84 carotenoid®} chlorophyll &3 =43}
Act. 2 A JAAS EZe oA wild type thH] carotenoid¥® 23%, % chlorophyll &

2. 229 (chlorophyll a: 23%, chlorophyll b: 21%

<7h) 57F kAo (Fig. 7).
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[N}

Ochl a
Bchl b
BChla+h

=
v

=]

o
w

Chlorophyll cont. (mg/g FW)
Carotenoid cont (mg/g FW)

Rimi

W W1 w2 w3 m 71 T2 T3 T 75

3 | | ‘
0 | | |

™ W1 W2 w3

Fig. 7. Chlorophyll and carotenoid contents in the leaves of GbIDS1 overexpression
poplar. TW, average of total wild-type (W1-W3); TT, average of overexpression poplar
(T1-T5).

(b 22k 44 dgkA

GbIDS1 dAHg EZe¢ Wild type EZ# oA carotenoid®} chlorophyll &g =43}
Ak 2 A A2 FAAA L FAA dAAG 22l A wild type tHH] F
chlorophyll %2 28% (chlorophyll a: 24%, chlorophyll b: 419 %7} 3}% 3L, carotenoid
= 21% 57t st (Fig. 6).

Chlorophyll st gl (6 Total Chlorophyll
= # P *
; HUTTU { - I S
: 27T § & ] : i | ]
g (R R B B e B B B B BB
R B | 48| 2
5 i ii LOHHHHAH
m“Llii_ 111

w1 L2 L3 L4 L5 L6 L7 L9 L10

(a) (b)
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Carotenoid 8

Z5
15

3 { T T
1 T T T
1 ik ten
T T T
(LJ s I Il NI EIIE I EEE = . = = 05 T
0

Chla Chib Chla+b Car

Cont. (mg/g FW)
o

Carotenoid cont. (mg/g P
—
—
L
L
—

W L1 2 13 14 5 L6 L7 L9 L10 WILD ®GbIDS1

(c) (d)

Fig. 8. Chlorophyll and carotenoid contents in the leaves of GbIDS1
overexpressing poplar. W, wild-type; L1-L10, GbIDS1 overexpression
poplar. (a) Chlorophyll a and b contents of each line. (b) Total chlorophyll
content of each line. (c) Carotenoid content of each line. (d) Combined

average of chlorophylls and carotenoid contents. #*xP<(.01

P A 999 chlorophyll a?t b¥ra2 wild type Felxch 747F 19% 9F 7% 9kil,
FFRE ol = ke 18% =4t} (Fig. 9).

08 8
= 0 Wi typs =
= 0.7 1o cos? e o
[=]

"E" 0.6 = L ‘5 6 e
= 05 i T = 2 =
= - T
] 0.4 § 4
= 0.3 =
EXE g2
S o. e 5
Z 0.1 = | =

0 2o

Chl a Chl b Chl a+b Wwild type GblDS2

Fig. 9. Chlorophyll and carotenoid contents in wild type and GbIDS2 overexpression
tobacco. *xx P < (.01, ** P < 0.05 (n=hH).

) N7

FAAGd A=A wild type A=A carotenoid®t chlorophyll &#s 243 A}

carotenoid+= 28% %713k 3L, chlorophyll % 50% (chlorophyll a 48%, chlorophyll b
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45% <70 S 7Fekith (Fig. 10).

e, 10
= O wild type g
= bkt Fdd
%o 08 | mGbIDS2 - = 8 T
2 = 1
— 0.6 é” 6
= - =
: 5
i 04 — 5 4
£ =
E 0.2 § 2
5 g

0 O o0

Chl a Chl b Chl a+b Wild type GbIDS2

Fig. 10. Chlorophyll and carotenoid contents of wild type and GbIDS? over-
expression Arabidopsis plants. *** P<0.001 (n=7).

o 3FAAE FA
(1) =9
IDSE FAASHE 2 & A chlorophyll® carotenoid o] =713kt 9)e] wAS o] 3

o

N
ol
i

7 7 Aa A ES UM Aolde F5& ThsetA st R E
A7t HAAZ AEA = 3.3 umol m7s ™, wild typedl A& 2.3 pymol m7ste 2 FAAS)

| =7 SAH, Bdd Ao S7PF A A e Az

N
=2
>
12
(o]
QL
X
o
i
oX
o

o

6
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vi
%5
£
o 4
£
& 3
P :
8 2
o
=
"Il
(o]
9

0

™W W1 w2 w3 T T T2 T3 T4 T5

Fig. 11. Enhanced photosynthesis of GbIDS1 over-
expression poplar. TW, average of total

wild-type lines (W1-W3); TT, average of
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GbIDS]1 overexpression poplar lines (T1-T5).
(2) 4|

GhIDS2= HA A3 2w (F1O wild type BulolA #FAES A Aap JAAS
o 2.3 pmol m s, wild typel A& 1.5 pmol m7s' o2 FAAZA A F 50%

P Ego e Ao 2AHYT (Fig. 12),

)
it
—_&,

CO, uptake (pmol m-2s-T)

Wild type GblDS2

Fig. 12. Photosynthetic efficiency of

GbIDS1 overexpression N. tabacum.

el A FHAdSA o] Aol ] Avhi= BELS terpene WAMES] 3hubel A

gibberellin® F4& FH& ZHd Aolghe 7MAE A7 aovh d4xA%d ¥&599
AL #e FAxe] AA =58 A9, gibberellin®] $TAS FAIAC (Fig. 13).
I A FdAAS IS Audd Ao #FoldlE: Kaurene synthase(KS)eF GA20
oxidase(GA200x)2] AAFFEFo] wild typeol Hld] z+z} 1509, 100% Z7F8Fial, =L vk A
Wggy Balo] #o]dliE GA 2 oxidase(GA20x)9] HAAMFEE ©@hA] 9% A Ewto] =7}Ele]
EdolA FEalnvh= Pl #olskE fdAke] ol 108) o mobA A

, poplare] A7) Hrojo] #AA GG IdH A isoprene AT HF AR Isoprene
synthase(ISPS)9] AAMFERE 150% ©] <F7hstel FAAE &9 3dd gyl

S #9 39t (Fig 14). Carotenoid Aol F8 FHa i<l
phytoene synthase (PSY)%] %ol %3] AAF o] 7R o /MAE Aol7t v
% A (Fig. 14).

isoprene A gHAl o]l Z7hgh
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Relative expression level of KS

Relative expression level of GA2ox

Fig.
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Relative expression level of ISPS
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Relative expression level of GA20ox
- N

el

™

0
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i

mm I“I“

T T1 T2 T3 T4 T5
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fin] i I I 1l

™ W1 w2 W3

13. Levels of gene transcripts involved in giberellin biosynthesis and

degradation. Upper left,

oxidase; Lower, GA 2 oxidase.

kaurene synthase;

Upper right, GA 20

TW, average of total wild-type

(W1-W3); TT, average of overexpression poplar (T1-T5).

™ W1

Relative expression level of PSY

T1 T2 T3 T4 TS5

Fig. 14. Transcript level of isoprene synthase (left) and phytoene synthase (right)
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per ng total ANA
w
o

mANA copy number (x10%)

Leaf

Root

Wild type  Stem

Fig 15. Transcription pattern of GbIDSZ2 in

transgenic  tobacco
wild-type leaves were
reference.

i g4

ot
i

3} 9] o] (diterpene) THF &

organs. Only

compared for

=

4.0 10,000 000)

A%k gl el wild type HHl AEA S tholHHl e GC-MSE

QoA 108 ol B& TolEla e g

o]

F3to] el sl

At (Fig. 16).

3 Wild type
2.0 2 3 g
] @m0 an w50 %5 o
1. .
2 1
5.0 2.0 270 280 2.0 300 310 320 330
[+)]
3]
% 4,01£10.000.000)
o 1 o
g 304
2 1 2 2 Control
T | 204 ] 3
Q i 0.0 fiaba) 26,50 mTE S0
2| 1.04 5
B ] 2 [l
o - ; ! 7
] %0 26.0 27.0 280 29.0 30.0 310 320 330
10,000,000}
R 2 ] T
N Jﬁ CbIDS2
I AN -
i} b kil |50 2875 20 2 }
1 5 .
il J
5.0 6.0 270 280 2.0 300 310 320 330

Diterpene peak area (x 10°)

o N B

o N B oy o

Control

GblDS2

Retention time (min)

Fig. 16. Analysis of diterpenes in N. tabacum over—expressing GbIDS2.

Neophytadiene

(1),

duvatrienediol

(2),
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duvatrienediol (5). Right panel represents total diperpenoid contents.

uh, FAAZ fZO As A7) #BE FAAL AXNGE =A

et sk e FAdAR] CO9l A dEdgE of7) A ol nlshe] 24% A%

=7 B gs & 9onm FQ floral integrator$! SOCl F#A %] H-$ 57% AE =7
sl g S ok = glv). wE sk A xe] FLC 2d e dAEs & 5 v}t (Fig. 17).
50
= * DO wild type
x _. 40 [ B GbIDS2
15~ 1
= = 20
S5
< =9
= 10 T
o i
= ol R R
co soc1 FLC

Fig. 17. Transcription levels of CO, SOC1, and FLC in wild type and GbIDS2

overexpression Arabidopsis plants.
AL 71 A E o] £33 GbIDS13 GbIDS29] promoter A4 H]u!

GbIDS1 = GbIDS2 F44HE Fddsls o daxstd &2t &= F1 A wild
typedl WEl AL F wEa AEAe) 27)E ARES SASh AR 7 isogeneo] & A=
oA T3 BHE U AL ofdsdn @ile GhIDS2 FAAE AuAldR myuiA Aol =
JE AARE homozygote]! F2i= 341 wWolrl E7Fssklvt (AR Rolx &5). 2299 4¢
GbIDS12 B4 A& HSARE GbIDS2 a4 FEdA = A= Ao

12 n
2
)
=
T,
r
o
)

A Gl A= R Foiuy gAASAE A w7k il olE wdte] F oAk R AEAl
A AR RS S8 9de EgHR A mE TE Hel vEe & T o9 22

=)

. 2
AP GbIDS1F GbIDS27F 719 21&Rl 28elA] vhg AdS Fste], §14 FEoAe 24
W ogho] ofue} EAFEANA Y] FAE WAL S-S AAMGTL ofd] mel ¢ 2 E A IDS s
AbEol oG A AHgoh=A AW BT 9l8te], o] E9 promoterel] °1¥F GUS whill o] WS of 7]
oAl #Aste] Bttt
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1) ZzRE MY £4

SO0 Ry e A IDS FAAEY ZTERY FA9 A7|44D(Figs. 18 & 19)% PlantCARE H|¢]
B vl] o] 2~ (http://bioinformatics.psh.ugent.be/webtools/plantcare/html/) & o]-&&+o] EAS dlal, 7z} =

Z2RH Yo EA= cis—elementE-<S Table 63 70 Y433t

TGAAACTTT

-1260 TCTAGACAAATCTGCGTTGTTCACATAAATTCAAAATCATCATGATTGTTTTTATTAAGT
-1200 GATGTTGCACACAATGCTTTTGAGGTTCACAAGCTTACCATAGCTACAATTATGCTCTTG
-1140 TGCTCCGGGGTGCAATGGTTACTAAAAATACCGACATTTCATCTCCATGTGCAAAGGCCT
-1080 TCATTTAATGGATCCAATTAACAACGCTGTTATTTAATGCAAACACTCATCATCGTAGCT
-1020 TGGAATAAAGCAAATAAATAAGTTGGCAAGGCCAAACTTAACAAATGCGTGTATTGAGTG
-960 CCACATCATTAAGTTTAACATAATGTTTGACAGAAAGTATGTATACTTACCGAGTATACA
-900 AATTTTTTTTTTAAGACAAAATCATTTGAAAATCATTTTTGTTAACAAGGATGCATGTAG
-840 ATGGGATAATAGACTCCATGTGATATAAAGAAGACAAAAGGGAGGTCATAAAAGTCAACG
-780 CAAAATATTGAAAGTTGAATATACAATTTGTATACTCGCACAATATACTCATTTAGGAAT
-720 GAGTATACACCAAAGGTGCCAAAAACTCTCCATCATCCAATGCACACATTTGTTAAACCT
-660 TGAAGGGTTGGTAATGTGTTTTGCACTTGGACCGAGCCTATCTTGCATTATGGATAGAAC
-600 CCACGTTGAAAACCTTCATTGGTTGTGCTTAATTTCTAAGGCTGTTTGCATTATCTCTTT
-540 TTTGCTTAATATTTCCCCGGATAATTACCAAATAACAAAACATTTAGTTCCACAAATGGT
-480 GAAATTGGGTTGTATTAATCAGCTACAAAATTGCCAATCTTGAAAAACATGAGGTCCATA
-420 AGTTTTTTGATCAATTCTAATGAATGGATAGAGATTTTCAGCTTCTTTGGAGAGCTCGCC
-360 AAGTGGCAACTTCTCAATCATACACGAAAGAACAAAAACCAGTCACTACGCTCGGACGCA
-300 AAGACAAAATGTACCACGACTGTGATTTGATCCATGACTGCAGCAACTGGTTTGATTCTA
-240 TCCACATATTGCACCATTGGATAAATTCAGATTGCATATTAAAATGTGGCTCCTAAGTTC
-180 ATTGTTTTGCGAGTTTCTGATGAATGTTAATATTGGGAACACCTGAAGCAGCTAGGCTCT
-120 CCAATCTTTTAGTATAACCATTTGAATCGGCAAAATACTATCGAGTGATTCTGGTTTICA

-60 AGCACTGTAACTTCAGATTGCCATACAAATAAATCACTTTGATTTCTCCTTGTCCTCCTA

TAAACCGGTTGGATGGCTTGCAGTTGTAGCTTTGCTGTGGTATGCAGCTCAGAACCT

Fig. 18. Sequence of the GbIDSI promoter region and its putative cis—elements.
The translation start site (ATG) is in bold and the transcription initiation site
1s in underlined boldface. Numbers indicate the position relative to the
transcription initiation site. The putative TATA box, CAAT box and other

important putative cis—elements are shown in bold italics.
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Table 6. Putative cis—acting regulatory motifs identified in the

GbIDS1 promoter region by in silico analysis search against

PlantCARE database.

Cis-elements Motif and position Putative function
ACE {ggggﬁiﬁ%ﬁ?ﬁ%%gjggo involved in light responsiveness
ARE _igg%gg%%%gig essencial for anaerobic induction
AuxRR-core -428GGTCCAT-422 auxin responsive element
Box 4 -467TATTAAT-462 involved in light responsiveness
involved in dehydration,
DRE -ITI2TACCGACAT-1106 low-temperature, salt  stress
-599CACGTT-594
G-Box -363GCCAAGTGGCA-353 light responsive element
-286CACGAC-281
I-box -1146CTCTTGTGCT-1137 light responsive element
MYB binding site involved in
MBS "257CAACTG-252 drought-inducibility
Skn-1_motif -1460GTCAT-1456 ired fi d :
- 796GTCAT-792 required for endosperm expression
Circadian _l%gggAAAﬁ A A % Tﬁ Cﬁ Aﬁ %Z%zo involved in circadian control
AT(;]Ii)tif T '9_g§£¥£8AAA~ A A %g?g associated to the TGAGTCA motif
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-1422
-1380
-1320
-1260
-1200
-1140
-1080
-1020

-960
-900
-840
=780
=720
-660
-600
-540
-480
-420
-360
-300
-240
-180
-120

-60

CATAAATAGTTAAAAACACCTCAAAAGTAATAAGAATAATGT
ATATAAATTTGCCAACAAATAGTTGAAAAGTGTGGGCAAATTTTGAAGCCTTTGTTACTA

AGGTAGAGGGAAAAAAGGTAACTAACGTGTAAACTCACCATGGCACATAGATTGTGATTT
CCTCATAGGGATAGGCCCATATAGGTGTTGTGTCCTTTCAAACATCTCCCTAGAAAAAAT
GAAGGAAAGAAAAGAAATTCTCCATGACTTGTGACTACCCCTTGTAAAGTCCAAGTGCCC
AATCATTCAAACATTGACACTTTGATCACAAAAAAAGTGTTGCTTTTGGTTGTGATGTGT
CCTTGCCCTTATGAAATACAAACAATGCATATGTAAAGTGTGTTAAATACAAACAATACA
TATGTAAAGTGTGAAATGTTAAGTAATGATGCACAAATTTAATTGTTTCCCTTTGGAGTA
TTTTTTGGAATGATATATATCTATAGAAATTATATGATGTATGTATAGCTATTAAAAAAG
GTGGTCTTTGAATATTTGTGCTATGATGAGTAGGCTTGACTACATCATGATAATACATTA
ATGGCATGCACTGCACTTATGGAAACTCATATCTCCATTGCCACTTACACTCACCCTTTT
ATTGATGAGTATAACCACTTAAGTAAGTTGTGTTGCATTATATATGTATCACATTGACTT
GTCATCGTACTTAAGAAAATAATGACCCTAAACACGGCTCGAATAAAAACCTTCTARATT
AATTGCCTAATTGTGGAAAAACCTAGTAATGCATAATTCTTTATATATTGAGTGGTGAGC
AACAACTCTTCTATAAAATTAAAATTTAGATCCACTAAAGTTGCCATAGGGAGAGTATCC
TTTAATAATGCCCAAGGTGTGGAATGCAAGATATTAAAAAAAAAAAAAAACTTTTTGGCT
TCATAGCATAAGGGGTATTCAACAATAGAACTATATTACCGCCTCACTAATTGAAATCAA
GGTTAGAGTCATTAACCAACAATATGATGCTCAAATTTGGACTCATTTGATGAAAGACAA
AACAAAGAATCGAACACAAACGACAAAATCCTCAAATCTTAAAAGATGCTCCGAGCTTGG
TCACTTCGAAAAGTATAATTTATATTCATTATCAAGCAAATTATTTGTCACCAATCCATA
CTATTCATCTTCAAAAATAATACCACGAGTATACACTATGCACCACACTTTACCATCCAT
TGGGTCTGATTTATATCAAGCGTATATACTATATATGTATCAAGTCATACGCCACTATCT
ACACGTATCCGTATACAATTGATTGACCATGTGGGTCATTITCAGAAGCTTTTAAATATTT
ATGCCCGACGCCTTCAAATTTGCCGGTTCTGAAACTTTTCTTGGTTGGGTTTTCCTTCTA
AATTTATGTAGTTCCACATTGGTGCTCTTGAAGAATTGGGTTTAGTTTGTCTGAAACCATG
GCTCAAGCTTGTGCAGTATCAGGCATCCTTGCTTCACATTCAC

Fig. 19. Complete sequence of the GbIDS2? promoter region and its

putative cis—elements. The translation start site (ATG) is in bold
and the transcription initiation site 1s in underlined boldface. Numbers
indicate the position relative to the transcription initiation site. The
putative TATA box, CAAT box and other important putative

cis—elements are shown in bold italics.
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Table 7. Putative cis—acting regulatory motifs identified in the GbIDS?2

promoter region by in silico

PlantCARE database.

analysis

search against

Cis-elements Motif and position

Putative function

ABRE -801GCCACTTACA-792

involved in the abscisic acid
responsiveness

AT-rich element -431ATTGAAATCAA-421

binding site of AT-rich DNA

binding protein  (ATBP-1)
CAT-box -130GCCACT-125 meristem expression
G-Box -119CACGTA-114 involved in light responsiveness

-720GTCAT-716

-413GTCAT-409

-137GTCAT-133
-86GTCAT-82

Skin-1_motif

required for endosperm
expression

TGA-element -342AACGAC-337

auxin-responsive element

-663ATTAAT-659

TCCC-motif -1216TCTCCCT-1210 light responsive element
W-box 98TTGACC-93 fungal elicitor responsive
MNF1 -1 146GTGCCCAAJ CATTCAAA-T13 light responsive element
Box 1 -1225TTTCAAA-1219 light responsive element
Box 4 -SAATTAAT-840 light responsive element
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(h)
Fig. 20. GbIDS1pro—driven GUS expresssion in Arabidopsis thaliana.

(a) cotyledons (b) four rosette leaves (c) cauline stem and leaf

(d) trichome (e) flower buds (f) flower (g) silique (h) 6-week—old plant

(b)

Fig. 21. Expression of the pGbIDSI-dirven GUS activity in the tissue

cross—section of transgenic Arabidopsis plants. (a) leaf (b) stem
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(e) (f) (=) (h)

Fig. 22. GbIDSZpro—driven GUS expresssion in Arabidopsis thaliana.
(a) cotyledons (b) first flower bud visible {(c¢) cauline stem and leaf

(d) root : red arrow (e) flower bud and stem (f) flower (g) silique
(h) 6-week-old plant

Fig. 23. Expression of the pGbIDS2-dirven GUS activity in the tissue

cross—section of transgenic Arabidopsis plants. (a) flower node, (b) root
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(3) GUS activity
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450 450
400
350

300 300
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200 200
B 2pro T | 2pro
150 150 =
100 100
50 50 -
0 0
W M 5 G A 1 W M 5 G A 1

(a) (b)

Fig. 24. Fluorometric GUS assay. pGbIDS-driven GUS activities of 2-week-old
transgenic Arabidopsis seedlings were measured. W: water, M: 100mM MeJA,
S:100mM SA, G 100mM GA, A: 100mM ABA, I: 100mM IBA. (a) Leaf GUS
activity after 24h hormone treatment. (b) Root GUS activity after 24h hormone

treatment.
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Fig 25. Fluorometric GUS assay to
measure pGbIDSI-driven GUS

activity of 4-week-old transgenic

Arabidopsis flower and buds.
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7}. Overexpression of GbIDS in Arabidopsis promotes flowering.
t}. Enhacing photosynthesis in Nicotiana and Poplus by overexpression of GbIDS.
t}. Promoter analysis of GbIDS isogenes in Arabidopsis.

7F. Min Kyoung Kang, Nargis Sultana, Sang Min Kim, Soo Un Kim. Analysis of
Multy Copy Ginkgo biloba 1-Hydroxy-2-methyl-2-(F)-butenyl-4-diphosphate
reductase (IDS) Gene. $t=-8-8A4m3lets 20109 =Agt&dx 3], 20100 2¢€ 19¢.
Y. Min Kyoung Kang, Nargis Sultana, Sang Min Kim, Soo Un Kim. Promoter
analysis of multy copy Ginkgo biloba 1-hydroxy-2-methyl-2-(E)-butenyl-4-
th

diphosphate reductase (IDS) Gene. Phytochemical Society of North America, 50

Anniversary Meeting. Fairmont Orchid, Hawaii. 2011 12¥ 10¥-15¢

3. Transgenic poplare YA T F&H AL} AU Jx=2 ¥4 AFHS 79
3k o gola, 9719 line T #58T $HE S Aoy
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