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Increment of fructan biosynthesis in rice by transformation of
1-sst and 1-fft genes isolated from jerusalem artichoke

(Helianthus tuberosus L.)
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Abstract  Fructan has been found to accumulate in various
tissues during periods when light levels increased carbon
fixation where low temperatures reduced growth rates while
photosynthesis continued. In this study, we have cloned
1-sucrose:sucrose fructosyl transferase(1-sst) and 1-fructan:
fructan fructosyl transferase (1-fft, a key enzyme for the
synthesis of fuctan) from Jerusalem Artichoke (Helianthus
tuberosus L.). The recombinant vector with 1-sst and 1-fft
has been constructed under the control of 35S promoter of
KJGV-B2 vector and transgenic plants obtained by Agro-
bacterium tumefaciens LBA4404. PCR analysis carried out
on the putative transgenic plants for amplification of the
coding region of specific gene (1-sst, 1-fft), and HPT genes.
Transgenic lines carrying of 1-sst and 1-fft were confirmed
for integration into the rice genome using Southern blot
hybridization and RT-PCR. The transgenic plants in T
generation were selected and expression pattern analysis
revealed that 1-sst and 1-fft were stable. This analysis
confirmed the presence of low-molecular-weight fructan in
the seedling of the transgenic rices. Therefore, cold tolerance
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and carbohydrate metabolism will be possible to develop
resistant plants using the transgenic rice.
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FructanE -2 fractose @] 3| =M Rose (1804)0] 23|
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fructose 77|17} A2 th2 FJeH R A== A 93|
glycosidic A14fj &) 7| EL27F +HE 4= AT} (Lewis 1993).
o FaE A FAR ol u, A B goupS
inulin© & linear fructan © 2 fructose unit®] beta 2—1)2 3
of ol A=zt EHY THAY AlES E3s}o]
= ARG AEo] EA 6t fructan O 2 e A 9o
fructan o Al 7Hg B FEIR A= Stk F WA
group$] fructan levan© 2 linear fructan©] ™, fructose unit
o beta 2—6)AZ el ofslf AZE Fejolct o]FE Y
fructan> THAFSY A& L bacteriao] Z2fstct Al HA] group
2 &3tE )9 fructan© 2 A4 graminan type©] bl £
Q-1 o] & fructan fructose unitE ARo]of beta (2—1) A3t
I} beta (2—6) Aro] FA 2AEch o] FE Y fructan
o 2z oii A8 EAelt Aom YA otk

Al ZA Yol A fructose®] F3FA|Ql fructan®] 2§37t g7
2= Edelman®} Jefford (1968)f &3l vt 2l 1-sst/1-fft
Modelo] )t} Fructan HZ Yol A sucroseZH-E HA
gk 2 = A HA A ) A sucrose 2 E-E] tri-saccharide
kestose (GF2)7} AJAt=E=d]. o] W32 1-sucrose:sucrose
fructosyl transferase(1-sst, EC 2.4.1.99) & 4of 9] Zulj¥
t} (Wiemken et al. 1995; Vijn and Smeekens 1999). &= H#|
GAE &4 I-fructan:fructan fructosyltransferase (1-fft, EC
2.4.1.100)9] 280 & GF28} £ fructans A}o] o] fructosyl
it AT 2R Fgroll Q3| fructan FHJ et (Hell-
wege et al. 1998; Vergauwen et al. 2003).

Fructan> Al &0 Ao =& H3le o ohget 24
of ZHHOEHN oA AEH Ao AP UEY= AL
2 48A T} (Livingston et al. 2009; Pollock and Cairns
1991; Eude et al. 2000; Hellwege et al. 1997; Roover et al.
1999). Fructan> A2 H3rof x4 o] o] §rw A&
9] B S T 4~ Q== 285l (Edelman and Jefford
1968), H2]= #2350 A= =2 fructan e 4|5}
WA A2 YL ZAGTHT B shelth (Wagner ef
al. 1983; Hochstrasser et al. 1998).

2 AFoA = HAGAY Lo 2R furctan YT
ol Tofsts Al st} I-fft FHAAE 2lsto] H
o TE AlZ] % fructan /2] A
FesnA sk

filo ol

AEME

199919 6] Q4 Fuo] AT QU A YA P2
& Syotol FAUWFE AYAE £ ZHA 27
2-3em e 7|2 Auste] 2ERR AT T,

opz|eko 8 Wi g 33 A|FS 3 v g3 S 7)a A
AL "7l 3, total RNAQ =258 AHE-sFlTh

RT-PCROf 28t 78} =2

HAFA F2H(A 2~3em)Z ©]-E5Fo] mRNAS
Z3FAth oF 2¢9] A|RE 0]&3}9] Guanidine W (Chirgwin
et al. 1979)0. 2 mRNAE &3t & oligo(dT)-ZH o] 23|
poly(A") RNAZ ZA|5}%th. Total RNAS &AL HHS-A]
# ¢cDNAE THE t}L o] cDNAZ F3 DNAE 3}o], RT-
PCR (reverse transcription-PCR) E-A-& AA]3} ¢t} o]
A3t primer+= Ingrid et al (1998) 5©] 15t fructan AY
ol #HE FAAR Lsst oF 1-fft O] A7|AFE& o]
L5Fo] ZFZ) 1-ssto} 1-fft AR} E0] 22l primer (SST-1;
5'“ATGATGGCTTC ATCCACCACCACC-3"), (SST-2; 5'-TCA
AAGTTCGAAAGTCCACCCAGG-3'), (SST-3; 5' -ATGATAA
GTGGTACCCAGATGACC-3"), (SST-4; 5-GGTCATCTGGG
TACCACTTAT CAT-)9} (FFT-1; 5-~ATGCAAACCCCTGAA
CCCTTTACA-3"), (FFT-2; 5'-TTAAAAAG GGTATTGATGA
ATTGG-3"), (FFT-3; 5-TGCTGATCAGGACCTCTCTAGAG
GAT-3"), (FFT-4; 5-CCTCTAGAGAGGTCCTGATCAGCA-3')
£ gastel Agehalch

PCR ¥1-8-2 95Co|| A 157} pre-denaturationA] 71 &, 95°C
of| ] 187} denaturation, 55C o] A] 287} annealing, 72°C o]
Al 457} extension IS 35 cycles® 3}0H, 1.5% of
hEs A AN FEH WES e SEAE
2 pGEM T-Easy vector (Promega)©f clonings}o] &7] 4 <E
& ZABAL, $47 Q7D B ob]ieitA
2 AABlo AR AsA vl Blast (http://www.nebi.
nlm.nih.gov) &40 2Jsto] AA|sHGI T}

FAAZS 93 A& EEHE = GUS (B-glucuronidase)
% F5lal 9= KIG V-B2 vectoro]| Sma /& *
333, 1 Yol 1.8 kbpQ] 1-sst@} 1-fft -5-A =}
= arolsie] 2|23 DNAZ AZshg (Fig. 1), I-sstoh
1-fft G A}= 35S promotere] Z|Hjslof €ha ww, Aldk
marker &7 A}2 hygromycin #3}A]-5- A A (HPT)S E g+
Skal ik WO FAHSHE l-sste} 1-fft FHA7F A
H Agrobacterium tumefacienss ©|-83}o] Y3}t

LSt A EA oA 1-sst 2 1-fft FARLY] E=JoH
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Fig. 1 Vector construction of 1-sst (A) and 1-fft (B) genes encoding 1-sucrose:sucrose :fructosyl transferase and 1-fructan:fructan fructosyl

transferase in Jerusalem Artichoke (Helianthus tuberosus L.)

DNAE 25H9/t). %22 DNA 20 ng& PCR #410] o
231 th PCRO|| AF&3l primer+= 35S promoter THH 2| &
o] 9l DNA ZZ& 95t (5-TTCAACAAAGGGTAAT
ATCCGG-3")9} (5-CGAAGGATAGTGGGATTGTGC-3)E 3
Asto] AbgetgITh B3 lsst D 1fft FAAY] FEL
25lo] 1-sst E0|H 072 ZZ = primer set@} 1-fft £0]
20 g ZZ5 = primer setE TAI5Fo] o]83F i Th PCR
-2 2 7L 94 C ol A} SE7F pre-denaturationA] 71 3, 94°C
Al 187} denaturation, 60°C o] A 1571 annealing, 72°C o]
157 extension #}4 2 35 cycle, 72°C ol A 587} 0}
extension2 A A|5}o] ZE3519 01 1% agarose gel A
A 35S promoter®?} 1-sst W 1-fft FAZS =YARE
gelselnt.

o

e = x 2

Southern blot &4

W AEA 2RE £t DNAE AlgtasE A g5t
Aohst thS 0.8% agarose gelo A A 7] 953t &, nylon
membrane (Hybond-N, Amersham)o]| transferA| Z t}. DNA7}
70| %= membrane filter paper $Jof &2&3 UV trans-
illuminator 2 247} cross-linking A] % t}. Pre-hybridization-2
6 x SSC, 5% dextran sulfate, 0.1% SDS &oHE& W11 60°Coj
A 2AIZE o Askl o, st 9 I-fft SolFo®
FEZ3 4~ QI primer seto]] 95 FEZ% DNAE g
labelling 3} probe2} 15417t 5-9F hybridizationA] # T}. Membrane
O] 422 2xSSC, 0.1% SDS FH o2 A LojA SEHA )
3], 0.5xSSC, 0.1% SDSE&H oz 65CoA 1587F 0.1 %
SSC, 0.1% SDS-goH o & 65Co A 1587 A&t &, X-ray
film (Agfa)oll 7H3&A1A bandE 2t<ls}3ict.

SDS-PAGEO]| ofgt H#A =24

-1 =
A& 0.05 goll 1 ml buffer (0.05 M Tris-HCL, 0.2% SDS, 5
M urea, 0.1% mercaptoethanol)& 7}3}¢] 3087F =314

o 4C, 13,000 rpmof A 2087+ YA R & A5t
2 #3519t} SDS-PAGE= Bio-RadA}9] protein II& A&
st o A7 9F A 12%9] resolving gelT} 5% 2] stacking
gel& ARE-SFo] TAZF 3027 AA ek th FAS staining
solution (0.5% coomassie blue R-250 : 40% methanol : 10%
acetic acid)o| A 3A]7F G2 & destaining solution (40% meth-
anol : 10% acetic acid)of| 4] EHAI5lo] Wl = 9] oA HA

shoit.

Semi-quantitative RT-PCRE 0|88 7|28 Loy A

ol
i

wof & 2 A 33t 1-sstQ} 1-fft &7 A}9
N GEE R CEC R
extraction kit (Promega)= RNAE F&3}9) =

2 3} RT-PCR 4 4331t} RT-PCR £42
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Fructan AJgHAd A 1-sst L 1-fft §Z1A}9] E2]= Ingrid
et al (1998) 53} Zo] HA A LS ZHE RT-PCROJ
9]3) full length cDNAZE B3ttt a3 S AL o
ZIM o] Bae FAAel 5 A AS AEsto] Tiplasmid
vectors L=35Ftt (Fig. 1).

1-sst tﬂ 1-fft @x}g sense Hl—tﬂ:Oi 71—71— Eﬁ’j?ﬂ' Al
E95 vectorQl KIG V-B2E Agrobacterium tumefaciens
LBA44045 o] &3}o] ¥ 9] calluso] A AS 510} 4] 57
2 A2 A Fig 29 2 W FA1E N6 7]
af Zofl A AFste] Hjekstle wf, wiwte =R g
AR 27 715 em, 2~3 mm =27] 9] AA| i ] LAY
AYAE AFsto], Q23 GARE §H-5-3F Agrobacterium
I HE5ko] 3 F9F ket & hygromycin®] 7}E uj
Ao A st At vidtol A f7]H A F T3l
st o TS He AeAss FEAAS 56
o A2ehrt HEe dde 2o Sy dujHd oz b
WA A LS FET 5 AU YA hygromyein©]
A7hE ARl oAl = AR AeAso] st
A SAHAOY, HFAAe A2 1§ ol F4
A gkl AWkl dAfskith. FAATE AYAE

[e)
hygromycino] Z3FEl MS vjA] Aol XJAFA] vjoF 3% =

Fig. 2 Introduction of 1-sst and 1-fft genes through Agrobacterium-
mediated transformation (A) callus formation; (B) callus selection
using hygromycin; (C), (D) shoot formation and elongation; (E)
root formation and elongation; (F) acclimatization

callusE MS7]%HHX]°1] 2H AEZ}E %53}01 1-sst@}
L 9 A} EE BUAE ARst 4B S 25
pite
HANet Hol =0l

FAAL AoA ozl &S Al EA= HA L-sst
9 ]-fft A R}FS] primer seto]] ¢J3f PCREA S E3f 14}
Aoz FAAS B {55 sty 1 2y dojl
QREe GRSGABAL SHAT £ o] bandS 3
gk = AT (vlolE n7|A). EelH FEAS W
<3S Fl 3“011/\1 Tl TAE AsEE g5t
At 2hE FAE 2 hygromycin ¥ 2ol uhE3}o] AE
H 10 WA Agstglon, ol AeeS 24l &4
FOE AT Lt 8 L0 SARHE EeT §A
A% Hol 4 Y GARY £ ol U copy T Tl
5}7] $138to] Southern hybridization B ol o]3f] =33}
ok 2 Ad lsst Bt A7 =Q0H T2 FEAAS

AZSNA AAF SR ¥ A=) single copyZ integration
=) it} (Fig. 3). Single copy® l-sst W 1-fft A7} =<

g T2AT Y HAAE AEE BHYL A Wi
gglow, mE AF)A 23 % Gl wild typeo] ]
wo) 2 v, o4 W A 22 5o WEE werk o
2nE FAABAFN A A X7} 71 Bl A &
5 2 4 o w@goR Azt

AT SOjoilM 7R L

M AU AFE Fol A FAH TAFS 1
AES Ao R 1-sst E 1-fft §AR}o] 22 RT-PCR
2 SDS-PAGE B4 0 & =33tgt) 1-sst S 6 A
SAE Wt G 3 PRAAZTAE S ZEE RT-PCR
4a A3 Age FHFAA 4 Aolg B Y
U, AR BE Algol A EAE ST (Fig. 4). £ 1-s
oF 1-ffi AL A3 HHAE 24T (52, F3)S ﬁau—a
of ThlY UAS BAF AW GHAT AU g

.
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1-sst transgenic lines 1-fft transgenic lines

WT 1 WIri1i 2 3 4 5 6
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Fig. 3 Identification of gene introduction in regenerated rice plants
by Southern blot analysis. Probe 1-sst: 880 bp, 1-ffi: 780 bp
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vector{H WEAA 7] B 2ol A= Eo] W= 7h 2ty
Al AN, 1-sst} 1-fft F2f FAx

(A) kDa

Transgenic lines 50 2
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Fig. 4 Overexpression of 1-sst and 1-fft genes encoding fructan
biosynthase in transgenic rice plants of T2 generations. RT-PCR
and SDS-PAGE analysis was performed on leaf tissues of T2
generation lanes. (A): Plants transformed 1-sst gene (B): Plants trans-
formed 1-fft gene

18 St 1-sst -
18 F:i-fit

minr

wT S1 S2 S5 S6 F1 F3
Transgenic rice

Relative expression
~ &

Fig. 5 Gene expression of regenerated rice plants analyzed by
semi-quantitative Real-Time PCR. WT; wild type, T1-T4; 1-sst
transgenic plants, T5-T6; 1-fft transgenic plants

F3old w5 So| o] Bt (Fig. 4)

RT-PCR ¥ SDS-PAGE HA]of oJ5f] 1-sst W 1-fft -S-ZA}
b ol £QIslo] A oR WHTT Gk FAE
4 Qoo Bl AFED SRS waHTe 24
5}7] 93l semi-quantitative RT-PCREA]-S A AJSFA T 1-sst
T e FEALAFTE (81, 52, 85 A 86)3} 1-fft
A2 o FEASA TS (F1 2 F)oflA =9 449
Wl 47 the PHE ot lst $24 49 3
9GS 2 AZE 7ol va) of 12, AR A%
Sof v 2~3u] A% =A WA=t ESE 1-fft 5
b e FEAT F3 A2 oo Bls) oF 184, §
AR F1 Agoll Blsf 4vf F= = L= ek (Fig. 5).

ol Atz nFo] & off =9H FHA} ¥ AZY
oAl oA A S 2 mRNA H protein® 2 W 92
3] I-fft2 == FAAS Ho] AL 7)s}
Qe Ao ujol B o Mol Al fructan
polymer7} =] A& Aol A ol WhEo]A 9F-9] signal

Kol o

(a

rlog_}ilﬂowﬁuﬁ?ﬂop

0
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l-u: _E:
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Table 1 Plant height and number of tiller in heading stage of trangenic rice and recommended rice cultivar

Variety Temperature Plant height (cm) No. of tiller

Inlet 74 12
Sangjubyeo Outlet 92 13

Control 98 15.3

Inlet 83 17.7

Re.:comme.nded Unbongbyeo Outlet 99 14.3

rice cultivar

Control 100 18.7

Inlet 91 8.7

Woondubyeo Outlet 95 15.7
Control 104 19

Inlet 84 16.7
Transgenic 1-fft Outlet 90 14
rice Control 97 17
1-sst Midlet 83 19

Inlet: 15°C, Midlet: 17°C, Outlet: 20C
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Table 2 Temperature-dependent WSC (%) of transgenic lines transformed with the 1-fft gene and recommended rice cultivar

. WSC(%)
Variety Temperature
LB LS CU PA
Inlet 1.4 1.2 2.4 0.9
Sangjubyeo Outlet 1.3 24 52 1.7
Control 1.1 1.0 2.5 3.8
R ded =i Inlet 1.1 2.7 5.0 1.3
CCOMMENAEd TICE b ongbyeo Outlet 2.1 29 6.0 26
cultivar
Control 1.2 2.1 2.9 0.8
Inlet 3.0 59 43 1.4
Woondubyeo Outlet 14 2.9 2.8 2.5
Control 0.6 1.3 4.0 2.0
Inlet 2.6 7.0 10.2 13.6
Transgenic 1-ftt Outlet 7.9 8.9 8.0 4.5
rice Control 6.8 3.8 4.8 1.8
1-sst Midlet 6.6 11.0 22.6 3.8
LB: Leaf blade, LS: Leaf sheath, CU: Culm, PA: Panicle
Sangjubyeo Unbongbyeo
A B
Inlet Outlet Inlet Outlet
- e - - " F - -
St Ittt odihn ¢ SETE T
Q‘«DP:«--.- *—-.-DP”-"-
- s & Dra = ®

¥

‘ esil % @ @ " - DP5 ' 6 L]

LB LS cu PA LB LS CU PA LB LS cuU PA LB LS CU PA
Woondubyeo Transgenic rice

C D (1-fft) (1-sst)

Inlet Outlet Inlet Outlet Middlelet

‘.;‘gm' - e s rFreees e
- uc - - Suc
woSerew® s e Seele «5%
“ % pps 0w “ - = Dr4 - .- »
€ % 48 DP5 Q«! L TR T &R
3 - - . e
LB LS CU PA LB LS CU PA LB LS CU PA LB LS CU PA LB Ls CU PA

Fig. 6 TLC analysis of water soluble carbohydrates in heading stage of Sangjubyeo, Unbongbyeo, Woondubyeo, and transgenic plants with
1-fft gene. Inlet: 15°C, Outlet: 20C. LB: Leaf blade, LS: Leaf sheath, CU: Culm, PA: Panicle

1-sstQ} 1-fft FHA7} A4 2] A] fructan Y =84 & o, o] YE4E 2 WSC IS Hh

TohEo A WMot Fe ¥ AW A= Table  3h AEAH RHER W

204 2o A Het BgEdas ol 8 ALA EHEFs Huhe A BoA o &

o W& &719 AeA 2 84 gdk= (WSO T =

grepol HotE vus) 2 Ay FAde v 7Hiﬂ W 2= A
=0l vle] @AsHA w2 WSC e YER of &4 Y EA RS FUT A} (Fig. 6) HFFEF
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Leaf blade Panicle

OSangjubyso
BTP-FFT

: 1

15 20 15
Temperature (C)

Fg. 7 Temperature-dependent WSC (%) of transgenic lines trans-
formed with the 1-fft gene. Comparing with Sangjubyeo known as
a low temperature tolerance, TP-FFT as a transgenic homozygote
derived from the T2 line showed much higher level of the fructan
synthesis, especially in low temperature

¥ DP57HA] fructano| EA| 3t 9+
), 53], Zﬂioﬂﬁ S ﬂ%k% e AL, 4]
A TA ]‘?éi I2A fructano]
—‘i L}E}ﬁ‘:}- £33 2]
T Aol A theket fructanO] 127 9 g
Aol o Azu ol I-fft SAX7F F A3
o AEAEAE, 2e,FHE 2 furctan $HF
A1} (Fig. 7) FAHAS w7} A3uiof vls)
2312 FeES UEhf: Ao @ UElto
Yol 2A35+= fructane] aHFS & A A 3}
ZQl Ao H]E| 3.5~48) =2 AoR U}
. E3F, TLCE 0] 8319 fructand H2]3t A3} &
-+ FAAS H7F ¢ B fructand FHA =
‘iiEP- o] 4o AitE oH 1-sstQ} 1-fft oA

ol

rlr H;
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E
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:L
é

< (o
o r}o
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op

2
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W X 5
luj
B 7 =
ofo
—E‘ oL piy PL

o
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ol § & E o ot E 32 o v B

Fructan> 4] &o] Ao =& =& o thofgt 23
of ZAPozH o]y AEH A 11%“” et AL
2 dHA Qlrh & AFo A= fructan B 7 2ol &
ofgh= mAQl L-sste} I-fft FHAE HAHA FLo=
HE Bt Bt 1-sst@} 1-fft §-AAF= Ti-plasmid
vector?l KIJG V-B2 vectoro] 35S promoterol] o3l =& st
T UeE JAHE WHE L5519k Agrobacterium
tumefaciens® ol Q) 1-sst@} 1-fft FAXLO] FA AT W
§4481 9, L-sst, I-fft W HPT 942 E0] 42l primer
= A}835}o] PCR HA3) 7334 %zh}ﬂ 9] callus A=
Yof ot Aoz AFlE|9S-2 Folslglth E3F Southern
% RT-PCR Ao A = 22 A0S Aolch FAXS 5

(i uf

o Tl % HHOR AL HHEE homo A
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