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Gallant et al., (1997) Carbohydrate Polymers 32: 177 - 191; 
Smith et al., (1997) Ann. Rev. Plant Physiol. Plant Mol. Biol. 48: 67- 87

ѝ

8



ǵ Ǳ ר

Ū ǲ ǘǱǋ
ū ǯВǲ ǠȒǯ ӓǠȒ

ы ӓ

ӓ

ʥ֯

қ Ʋ ǠȒ

˘ ȐǢȚǓȂǰǘȒȠɝɫɘȭȿɱǵ
Ḣǵ˘ ȐǢȚ

ᾜǞǧǘȏȑș Ǡ

֯

9



ό
Ḍ ἧ ⱨ SEM

рл˃Ƴ

мл˃Ƴ

ἧ ό
Ḍ ἧ ⱨ SEM

10



4Êl

Ȣɋ

Ȣɋ ǵSEM ό

4/Êl

0/Êl

Ȣɋș ǲ̓ǍɟɨɁɆ

ɵȰɌɞ ḸǓϹὕ

ɵȵɫȢɊɈȸɈǲ ǗɠɅɩ
Ǯǉȑ ̸

ɵ˘Ί̱Ǯ Ẁ ̱ǓӴ ǞȋǠǋ

ɵ ̱Ǔ̸ ǞȋǠǋ

ɵ ˎǲǑǋǭ Ǔ Ὥ↓

Ȣɋǵ

11



ǶǋȔǋȔǱᶅὍǲ ș ȈȒ

12



̤ (SS)

ўȑ (DBE)

Ƞɝɫɘȭȿɱ

̸ȑ (BE)

Ƞɝɫɶȷ

əȷəɨɧɶȺ(PHO)

ǵ ǲ◙ șʦǏȒ

O

CH2OH

O

OO

CH2OH

O
ќ

-1,4
Ὣ› ќ

-1,4
Ὣ›

O

CH2OH

O

O

CH2OH

O
ќ

-1,4
Ὣ› ќ

-1,4
Ὣ›

O

CH2OH

O
ќ

-1,4
Ὣ›

CH2OH

ADPGlc

O

CH2OH

O

OO

CH2OH

O
ќ

-1,4
Ὣ› ќ

-1,4
Ὣ›

O

CH2OH

O

O

CH2OH

O
ќ

-1,4
Ὣ› ќ

-1,4
Ὣ›

O

CH2OH

O
ќ

-1,4
Ὣ›

CH2OH

O

CH2OH

O
ќ

-1,4
Ὣ›

O

CH2OH

O

O

CH2

O

CH2OH

O
Ŭ

-1,4
Ὣ› Ŭ

-1,4
Ὣ›

O

CH2OH

O

O

CH2OH

O
Ŭ

-1,4
Ὣ› Ŭ

-1,4
Ὣ›

O

CH2OH

O

O

CH2OH

O
Ŭ

-1,4
Ὣ›

O

CH2OH

O
Ŭ

-1,4
Ὣ›

O

CH2OH

O
Ŭ

-1,4
Ὣ›

Ŭ
-1,6

Ὣ›

ʾʾʾʾʾ

ʾʾʾʾʾ

O

CH2OH

O

OO

CH2OH

O
ќ

-1,4
Ὣ› ќ

-1,4
Ὣ›

O

CH2OH

O

O

CH2OH

O
ќ

-1,4
Ὣ› ќ

-1,4
Ὣ›

O

CH2OH

O
ќ

-1,4
Ὣ›

CH2OH

O

CH2OH

O
ќ

-1,4
Ὣ›

ʾʾʾʾʾ

O

CH2OH

O

O

CH2

O

CH2OH

O
Ŭ

-1,4
Ὣ› Ŭ

-1,4
Ὣ›

O

CH2OH

O

O

CH2OH

O
Ŭ

-1,4
Ὣ› Ŭ

-1,4
Ὣ›

O

CH2OH

O

CH2OH

O
Ŭ

-1,4
Ὣ›

O

CH2OH

O
Ŭ

-1,4
Ὣ›

O

CH2OH

O
Ŭ

-1,4
Ὣ›

ʾʾʾʾʾ

ʾʾʾʾʾ

O

CH2OH

O

O

CH2

O

CH2OH

O
Ŭ

-1,4
Ὣ› Ŭ

-1,4
Ὣ›

O

CH2OH

O

O

CH2OH

O
Ŭ

-1,4
Ὣ› Ŭ

-1,4
Ὣ›

O

CH2OH

O

O

CH2OH

O
Ŭ

-1,4
Ὣ›

O

CH2OH

O
Ŭ

-1,4
Ὣ›

O

CH2OH

O
Ŭ

-1,4
Ὣ›

Ŭ
-1,6

Ὣ›

ʾʾʾʾʾ

ʾʾʾʾʾ

Glc-1P

O

CH2OH

O

O

CH2OH

ќ
-1,4

Ὣ›

O O

CH2OH

O

O

CH2OH

O
ќ

-1,4
Ὣ› ќ

-1,4
Ὣ›

CH2OH

13



SSI, 
SSIIa, SSIIb, SSIIc
SSIIIa, SSIIIb, 
SSIVa , SSVIb
SSV
GBSSI , GBSSII

BEI, 
BEIIa, BEIIb

ISA1 , ISA2 , ISA3
PUL

̤ (SS)

ўȑ DBE

Ƞɝɫɘȭȿɱ ̸ȑ BE
Ƞɝɫɶȷ

əȷəɨɧɶȺ(PHO)

Pho1 , Pho2

ǵ ǲ◙ șʦǏȒ

Ἤ ˎǮ▌ǋ ǓǉȒ

Ἤ Ǯ▌ǋ ǓǉȒ
14



ș̸Ȓ ǵ ̟ἧǓ ǍǯǰȚǱẀӓǓ

ȶɡɛɉȩ aeẀ ̱*waxy Ẁ ̱*

be2b

ˉ″Ẏἶ ἶ ɵ̯ Ͻ ǵȮɩɶɕǮӴ ǜȓǦ

ȢɱɅȡȩ
( Ḍ) ss2a L

gbss1 L

ss2a L ss2a L
SS2a

GBSS1 gbss1 gbss1 L

15



BȠɝɫɘȭȿɱǵAȠɝɫɘȭȿɱǵ

Ȯɩȱɶȷǵ ↓ֻ(DP) Ȯɩȱɶȷǵ ↓ֻ(DP)

AȠɝɫɘȭȿɱ BȠɝɫɘȭȿɱ

ֺ

ǵ

ū ѝ⁹
ǵѝ

¿-1,4 Ǔ ǋǯȏȑ ǲ

¿-1,4 Ǔ ǋǯȏȑ ǲ

ɦȤ ԍἧ
¿-1,4

ŪɦȤ ɶ ֻ̱

Ŭ ӓ ↓ǵ ὑ(DSC)
ɵ ӓ Ồ ↓
ɵ ӓ

ŭ ӓ ↓ǵ ὑ(RVA)

Ů ǵ (XRD)ר

16



͈1 ȢɱɅȡȩ ǯȶɡɛɉȩ

ɏȳɏȳ ȉǨȉǨ

17



SSI, 
SSIIa, SSIIb, SSIIc
SSIIIa, SSIIIb, 
SSIVa , SSVIb
SSV
GBSSI , GBSSII

BEI, 
BEIIa, BEIIb

ISA1 , ISA2 , ISA3
PUL

̤ (SS)

ўȑ DBE

Ƞɝɫɘȭȿɱ ̸ȑ BE
Ƞɝɫɶȷ

əȷəɨɧɶȺ(PHO)

Pho1 , Pho2

ǵ ǲ◙ șʦǏȒ

Ἤ ˎǮ▌ǋ ǓǉȒ

Ἤ Ǯ▌ǋ ǓǉȒ
18



ª

ISAǮ ўȑ֚ꜘ

Minutes

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

R
F

U

0

2

4

6

8

10

12

14

16

R
F

U

0

2

4

6

8

10

12

14

16ȫɡɒɧɨɶ Ҳ
ǲȏȒȠɝɫɘȭȿɱǵ
ѝ⁹

F203 ᶅѝ Ὑ

ɵȢɋ ἧ1 ǒȐѝ ֯ Ƴ
ɵ ѝ Ʋ П ר
ɵȠɝɫɘȭȿɱǵ ǵ ǜǵ
ѝ⁹ ѝ⁹ Ǔѝ ǮǔȒƳ

19



-1

-0.5

0

0.5

1

1.5

2

2.5

5 10 15 20 25 30 35 40 45 50 55 60

ȹ
M
o
l
a
r
 
(
%
)

DP

ss2a L)

ȢɱɅȡȩ ǯȶɡɛɉȩ ǵ ѝ⁹ ǒȐ ǜȓȒ
ǤȓǥȓǵȠɝɫɘȭȿɱ

LȠɝɫɘȭȿɱ ӓ SȠɝɫɘȭȿɱ ̭ ӓ

Ḍ Ẁ Ḍ ss2a L

0

1

2

3

4

5

6

7

8

9

5 10 15 20 25 30 35 40 45 50 55 60

M
o

la
r 

(%
)

DP

20



Ƞɝɫɘȭȿɱ ǵ ǋǶƲ ӓ ↓ǲ֚ ǠȒ

ǋ˘ ȐǢȚ ǋ˘ ȐǢȚ

ѝἧ

ӓ ↓Ǔ ǋ ӓ ↓Ṷ̌ǋ

LȠɝɫɘȭȿɱ ӓ SȠɝɫɘȭȿɱ ̭ ӓ

Ḍ Ẁ Ḍ ss2a L

21



20 mg ѝ ֯
Ћ̱ϑ

ד ὑ

Toyopearl HW55S -HW50S x 3

104~105

F202 Ὑ

ISAǮ ўȑ֚ꜘ

Ƞɝɫɶȷ

Ƞɝɫɘȭ
ȿɱ

0

0.2

0.4

0.6

0.8

100 150 200 250 300 350

R
e

la
ti
v
e

 C
a

rb
o
h
yd

ra
te

(%
)

Retention time (min)

з и й

Ƞɝɫɘȭȿɱ
Ƞɝɫɶȷ

22



R
e

la
ti
v
e

 C
a

rb
o
h
yd

ra
te

(%
)

Retention time (min)

з и й
0

0.2

0.4

0.6

0.8

100 200 300

R
e

la
ti
v
e

 C
a

rb
o
h
yd

ra
te

(%
)

Retention time (min)

з и й

0.8

0.4

0
100 350150 200 250 300

ȢɱɅȡȩ ǯȶɡɛɉȩ ǵȰɩ ǒȐ ὑǜȓȒ
Ƞɝɫɶȷד

Ƞɝɫɶȷד Ƞɝɫɶȷד 1

Ḍ Ẁ Ḍ gbss1 L ɨɶȫɶ

23



Ȣɋ ḧᴜ
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Nakamura et al., (2005) Plant Mol Biol.
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ɐɆ ǲȏȒ Ιʣ Ѱҧ ǵ
ϷẀ ̱ss3a be2b (#4019) ǲȏȒ

ɵӴᶥ ֝ ǮƲ ΙǯȢɱȷɨɱѝ Ǔ ǲ̭ʤ

Saito et al., (2020) Bioscience, Biotechnology, and Biochemistry 84: 365-371
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b b

ǓɎɁȭȮɧȤɱɇ
ǵẀ ̱

ǉǔǦǚȅǨ
ș Ǟ˧

a b

b b

ǉǔǦǚȅǨ ǵɎɁȭȮɧȤɱɇ
ǵẀ ̱

Ʀ ǵר ǶɤɉɶȭǧǓ
Ģ

¥ Ǔ ǋ
¥ Ṷ̌ǋר
¥֛ Ṷ̌ǋ
¥ ǲ▀ǋ

¥ ḧǞǲǖǋǱǰ

Ʀ ǵר ǶɤɉɶȭǮ
Ʀ Ǔ ǋ
Ʀ Ǔר ǋ
Ʀ֛ Ǔ ǋ
Ʀ ǲ▌ǋ
Ʀ ḧǞ ǋǱǰ

◐ șׄʣǜǢȒǦȈǵ Ǟ˧
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Tos17 ǓSSIVb ̟ἧǲ ЊǜȓǭǋȒǯ
ɕɧȢɜɶT1R ǯSSIIIb5RǮPCRș ǍǯƲ

1,650bp ǵɎɱɇǓ їǜȓȒƳ

Ẁ ̱ǲᴜ ș˧

Ẁ ̱ ᴜ

ὤ֞ ₡

ȈǞȀ
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Ǟ˧ ǲȏȒ ǵׄʣר

#4019
(16.6 mg ¢0.1)

A6 BC 3

(25.1mg ¢0.2)

ϷǵẀ ̱ǵ1.5Ίǲ
ěǉǔǦǚȅǨĜȏȑẎǔǋƳ
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ȶɡɛɉȩ Ƞɝɫɶȷ

ƼǉǔǦǜȐȑƽ

ƼȅȚǾǖǠȐȑƽ

H30
ᴜ

ɵ
R4
Ȇ

R1
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R2
ї
Џ
Ȇ

ƼǉǔǦǸȐȑƽ

ȶɡɛɉȩ RS

ẎἶǮ ǞǦ Ǟǋ ᴜ

*RS: ɪȶȷȽɱɆȷȽɶȿ
ӓר

ss3a

ss3a be2b

ᴜ 29394 ֵ

ᴜ 29393 ֵ

ᴜ ї 34394 ֵ
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3ᴜ ǵ Ǟǋ ḸǶƲ ȷȽɶȿɄɁȭǵ
əɶɞɘɶȶșǛ ǖǧǜǋƳ

https://starchtec.com 

ĝȷȽɶȿɄɁȭĞǮ

ȷȽɶȿɄɁȭǶƲ Ẏἶ ɗɱȿɡɶ̝ ǮǠƳ

ᵀᴜǶƲɋɁɆ Ṹ Ƞɜȼ
ɱƲȷɆȠɶȸ Ǯ ṸǞǭ
ǋȅǠ
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ȶɡɛɉȩ Ƞɝɫɶȷ

ƼǉǔǦǸȐȑƽ
ᴜ 29394 ֵ

ɵϷẀ ̱ǶȷȽɶȿȵɱȽɶȺ
(SS) IIIa Ẁ ̱(e1)

4711762 ֵ
ɵ Ǟ˧ ǶƼǉǔǦǚȅǨƽ
ɵ Ƞɝɫɶȷ ǒǘǵ
Ƞɝɫɶȷד 26 %
ɵRSΙǶƲƼǉǔǦǚȅǨƽǵ2Ί
ɵ ǶǸȐǸȐǵ
ɵ ǔṔǏǞƲқ șṔȋǞǭ
ǠȒǯƲ Ǔǉȑ

10 20% ȩɫɨɶȨɓ
ɵȿɡɶɍɱƲɒɧɓƲɨȼɁɆƲɏ
ȦɨȠƲȩɪɶ ǲ
ɵ ȶɡɛɉȩ
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(1)ȠȮɨɑȶɋȷҍїɓȥȠ2017 2017 ₴10 4 - 6 Ʋ ˬɑɁȮȳȢɆ

20
33%

30
20%

40
6%

50
27%

60
7%

7%

100%

98%

2%

K1

N=97

N=15 N=13

ƼǉǔǦǸȐȑƽǵ Ǳ⁸ḹ ɒɧɓ
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(2) ѫ ⁸Ƽ ȅǫȑƽ 2018 ₴2 18 Ʋ ѫ ⁸ ӓ˧ ȩȾɶɪ

ƼǉǔǦǸȐȑƽǵ Ǳ⁸ḹ ɒɧɓ

Q ƼǉǔǦǸȐȑƽǮ̸ǪǦɒɧɓǯƲ
ƼǉǔǦǚȅǨƽǮ̸ǪǦɒɧɓƲǰǨȐ
Ǔ ǞǋǮǠǒװ

62%

38%

(N=80)

78%

22%

(N=41)

46%54%

(N=39)
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ǉǔǦǚȅǨ ǉǔǦǸȐȑ 63 ֵ ǉǔǦǜȐȑ

Ѽ

ƼǉǔǦǸȐȑƽƲƼǉǔǦǜȐȑƽǵ ǔṔǏ

♥

ǋǡȓȉ1.07 Ί ↓ƲǒǜṔǞǠȒƳ

ֺ2 g ǵ

ǉǔǦǚȅǨ ǉǔǦǸȐȑ 63 ֵ ǉǔǦǜȐȑ
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