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요 약 문

제 목.Ⅰ

비메발론산 터핀 생합성 유전자 과발현을 통한 식물 바이오매스 증대

연구개발의 목적 및 필요성.Ⅱ

연구개발의 목적1.

가 포플러에 비메발론 경로 또는 경로 중 세벌이 존재. ( methylerythritol phosphate )

하는 은행 유전자를 과발현하여 이들이 바이오매isopentenyl diphosphate synthase(IDS) ,

스 증진에 기여하는 기능의 차이를 확립한다.

나 과발현이 포플러 애기장대 담배의 화합물의 함량에 미치는 영향. IDS , , isoprene

을 확인한다.

다 과발현이 화합물의 생합성유전자 발현에 미치는 영향을 확인한다. IDS isoprene .

라 과발현이 의 생장 증진에 관여하는 메카니즘을 확인한다. IDS poplar (biomass) .

연구개발의 필요성2.

가 화석 탄소원이 고갈됨에 따라 가 중요한 대체물로서 주목 받고 있다. biomass .

나 는 지속가능한 재생자원이므로 에서 중요하다. Biomass green economy .

다 생산을 위하여 유전자 변형 생물을 이용하는 것은 유전자의 무차별적. Biomass

확산 우려로 제한되고 있다 그러나 암그루만을 이용한 유전자 변형 는. poplar

사막화 방지가 중요한 과제인 중국에서 잘 받아들여지고 있다.

연구개발 내용 및 범위.Ⅲ

연구개발의 내용1.

가 형질 전환이 확립된 에 은행 유전자들을 과발현하여 정유생산과 건물. poplar IDS

중의 를 증대시키는지를 확인한다biomass .

나 이들 유전자가 를 증대시키는 메카니즘을 애기장대와 담배를 이용하여. biomass

규명한다.
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연구개발의 범위2.

가 형질 전환체 확립. poplar

나 형질 전환체 작물의 특성 규명.

연구개발결과.Ⅳ

세 벌의 은행 상동 유전자 을 에 형질 전환1. IDS GbIDS1, GbIDS2, GbIDS2-1 poplar

하여 유전자가 과발현된 형질전환체만이 식물체로 분화하였다 를 과GbIDS1 . GbIDS2

발현한 는 은 되었으나 발근이 이루어지지 않았고 의 경우poplar shooting , GbIDS2-1

에는 캘러스 유도 후 이 되지 않았다shooting .

형질전환체 의 경우 에 비해 길이가 길며 잎의 수가 많았다2. GbIDS1 poplar wild type .

형질전환체에서 에 비하여 과 함량3. GbIDS1 wild type poplar chlorophyll carotenoid

이 증가하고 이는 광합성 효율의 증가로 나타났다.

형질전환체 와 의 지베렐린 및 터펜 관련 생합성 유4. GbIDS1 poplar wild type poplar

전자의 전사 수준을 측정한 결과 형질전환체에서 지베렐린 형성에 관여하는 Kaurene

와 의 전사수준이 지베렐린 분해에 관여하는synthase(KS) GA20 oxidase(GA20ox)

의 전사수준보다 배 이상 높아 지베릴린 합성이 촉진되는 것GA2 oxidase(GA2ox) 10

을 확인 할 수 있었다.

또한 포플러의 잎에서 발산되는 의 생합성 유전자인, isoprene Isoprene

와 생합성의 주요 조절효소인synthase(ISPS) carotenoid phytoene synthase(PSY)

의 경우에도 전사수준이 증가하였음을 확인할 수 있었다.

모델 식물인 담배에서 를 증대시키는 유전자는 형질전환체였다5. biomass GbIDS2 .

형질 전환 담배에서도 포플러 형질전환체와 마찬가지로 광합성효율6. GbIDS2 ,

함량 및 함량이 증가되었다chlorophyll carotenoid .

8.
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연구성과 및 성과활용 계획.Ⅴ

포플러에서 형질전환체 계통을 육성하여 포장실험에서 바이오매스의 증대를 확인하고1.

품종화한다.

다른 경제 작물에서 바이오매스의 증대를 확인하고 고수확 품종의 육성에 이용할 가2.

능성을 확인한다.

상기 결과는 바이오매스 증대에 관련된 특허와 개화시기 촉진에 대한 특허로 출원 중3.

에 있다.

4. 1 SCI(E)

.
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SUMMARY

. TitleⅠ

Increased biomass production through overexpression of genes of non-mevalonic

acid pathway

. Purpose of the ResearchⅡ

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 ResearchⅢ

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.
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. ResultsⅣ

1. Only GbIDS1-overexpressing polplar transgenic was viable. GbIDS2 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 GA20

oxidase transcripts while GA2 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 GbIDS2 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 GbIDS1pro caused expresssion

of GUS throughout the plant except for roots. However, GbIDS2pro

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.

. Utilization the ResultsⅤ

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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Primer name Forward primer Reverse primer
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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

Table 4. Summary of poplar transformation.
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(a) (b)

(c)
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Genotype Total leaf number
at bolting

Bolting days after
Sowing

GbIDS2 11.15±1.27 20.45

Wild type 9.13±1.64 30.23
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(a) (b)



- 27 -

(c) (d)
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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 CCAATCTTTTAGTATAACCATTTGAATCGGCAAAATACTATCGAGTGATTCTGGTTTTCA

-60 AGCACTGTAACTTCAGATTGCCATACAAATAAATCACTTTGATTTCTCCTTGTCCTCCTA

TAAACCGGTTGGATGGCTTGCAGTTGTAGCTTTGCTGTGGTATGCAGCTCAGAACCT



- 34 -

Cis-elements Motif and position Putative function

ACE -1369GACACATATG-1360
-504AAAACATTTA-495 involved in light responsiveness

ARE -69TGGTTT-64
-253TGGTTT-248 essencial for anaerobic induction

AuxRR-core -428GGTCCAT-422 auxin responsive element

Box 4 -467ATTAAT-462 involved in light responsiveness

DRE -1112TACCGACAT-1106 involved in dehydration,
low-temperature, salt stress

G-Box
-599CACGTT-594

-363GCCAAGTGGCA-353
-286CACGAC-281

light responsive element

I-box -1146CTCTTGTGCT-1137 light responsive element

MBS -257CAACTG-252 MYB binding site involved in
drought-inducibility

Skn-1_motif -1460GTCAT-1456
-796GTCAT-792 required for endosperm expression

Circadian -1229CAAAATCATC-1220
-35CAAATAAATC-26 involved in circadian control

ATGCAAAT
motif

-905ATACAAAT-898
-38ATACAAAT-31 associated to the TGAGTCA motif
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-1422 CATAAATAGTTAAAAACACCTCAAAAGTAATAAGAATAATGT

-1380 ATATAAATTTGCCAACAAATAGTTGAAAAGTGTGGGCAAATTTTGAAGCCTTTGTTACTA

-1320 AGGTAGAGGGAAAAAAGGTAACTAACGTGTAAACTCACCATGGCACATAGATTGTGATTT

-1260 CCTCATAGGGATAGGCCCATATAGGTGTTGTGTCCTTTCAAACATCTCCCTAGAAAAAAT

-1200 GAAGGAAAGAAAAGAAATTCTCCATGACTTGTGACTACCCCTTGTAAAGTCCAAGTGCCC

-1140 AATCATTCAAACATTGACACTTTGATCACAAAAAAAGTGTTGCTTTTGGTTGTGATGTGT

-1080 CCTTGCCCTTATGAAATACAAACAATGCATATGTAAAGTGTGTTAAATACAAACAATACA

-1020 TATGTAAAGTGTGAAATGTTAAGTAATGATGCACAAATTTAATTGTTTCCCTTTGGAGTA

-960 TTTTTTGGAATGATATATATCTATAGAAATTATATGATGTATGTATAGCTATTAAAAAAG

-900 GTGGTCTTTGAATATTTGTGCTATGATGAGTAGGCTTGACTACATCATGATAATACATTA

-840 ATGGCATGCACTGCACTTATGGAAACTCATATCTCCATTGCCACTTACACTCACCCTTTT

-780 ATTGATGAGTATAACCACTTAAGTAAGTTGTGTTGCATTATATATGTATCACATTGACTT

-720 GTCATCGTACTTAAGAAAATAATGACCCTAAACACGGCTCGAATAAAAACCTTCTAAATT

-660 AATTGCCTAATTGTGGAAAAACCTAGTAATGCATAATTCTTTATATATTGAGTGGTGAGC

-600 AACAACTCTTCTATAAAATTAAAATTTAGATCCACTAAAGTTGCCATAGGGAGAGTATCC

-540 TTTAATAATGCCCAAGGTGTGGAATGCAAGATATTAAAAAAAAAAAAAAACTTTTTGGCT

-480 TCATAGCATAAGGGGTATTCAACAATAGAACTATATTACCGCCTCACTAATTGAAATCAA

-420 GGTTAGAGTCATTAACCAACAATATGATGCTCAAATTTGGACTCATTTGATGAAAGACAA

-360 AACAAAGAATCGAACACAAACGACAAAATCCTCAAATCTTAAAAGATGCTCCGAGCTTGG

-300 TCACTTCGAAAAGTATAATTTATATTCATTATCAAGCAAATTATTTGTCACCAATCCATA

-240 CTATTCATCTTCAAAAATAATACCACGAGTATACACTATGCACCACACTTTACCATCCAT

-180 TGGGTCTGATTTATATCAAGCGTATATACTATATATGTATCAAGTCATACGCCACTATCT

-120 ACACGTATCCGTATACAATTGATTGACCATGTGGGTCATTTCAGAAGCTTTTAAATATTT

-60 ATGCCCGACGCCTTCAAATTTGCCGGTTCTGAAACTTTTCTTGGTTGGGTTTTCCTTCTA

AATTTATGTAGTTCCACATTGGTGCTCTTGAAGAATTGGGTTTAGTTTGTCTGAAACCATG

GCTCAAGCTTGTGCAGTATCAGGCATCCTTGCTTCACATTCAC
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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

Skin-1_motif

-720GTCAT-716
-413GTCAT-409
-137GTCAT-133
-86GTCAT-82

required for endosperm
expression

TGA-element -342AACGAC-337 auxin-responsive element

TCCC-motif -1216TCTCCCT-1210 light responsive element

W-box -98TTGACC-93 fungal elicitor responsive
element

MNF1 -1146GTGCCCAATCATTCAAA-113
0 light responsive element

Box I -1225TTTCAAA-1219 light responsive element

Box 4 -844ATTAAT-840
-663ATTAAT-659 light responsive element
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