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Abstract In this study, a 1 611 bp fragment (FFTP), upsteam to /-FFT, was isolated by Tail-PCR from Jerusalem
artichoke. Neural network promoters predicted eight promoter core structures in the FFTP sequence. Because of
there was no significant difference in the activity of GUS gene expression between the FFTP400 promoter core
domain and FFTP promoter in transient expression, it could be inferred that the core promoter regions from —296
to —246 were the promoter regions of /—FFT gene. PlantCARE analysis showed that besides the basic promoter
elements (TATA-box and CAAT-box), FFTP sequence contained three elements binding to MYB transcription fa-

ctor, 12 cis-acting elements involved in light regulation, eight elements involved in jasmonic acid reaction, anaero-

bic process, abscisic acid and stress resistance, three elements relative to circadian rhythm control, auxin and
gibberellin. The cis-acting elements identification provides a theoretical basis for /-FFT to participate in the corre-

sponding biological processes.

Keywords Helianthus tuberosus L., Fructan, /-FFT, Promoter, Function analysis
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% “F (Helianthus tuberosus L.), X % 3 ¥
L AZFIEMRPE AR, T AT E E
SR 06 i R W ECRE AR R YR LR D A
JI AR Z N, IF s AR 1)k e (g —
AR, 2014; WEIN AT SE, 2014), (EdL T AIVA FEHLIX, FE
W) e T AR 25 A P R K AL B 4 AT R SR SR A
29 1/6 MR AR IS A R AR RS e T
5 = RKICIRAER KA S, F LA AR TR ORAR
SR P (GRS, 2002), B T AE R EY) R IR
AH 58 B R e KN o, SRR
MPITE . PSR Push ST R EEAEH,
LA R A AR DG 5 4 H (Pollock, 1986; Koops
and Jonker, 1996). 4 M 4) 4k P 1 BE AR i (Pollock
and Cairns, 1991) L A AFAE 438 W 5 7K (Spollen and N-
elson, 1994; Bagherikia et al., 2018) ., /£ —FhZhHEM:
T, ISR A FE ) R IR A — PR AE ) £ J5Uk}
AT R, B8 PR s A ey I B8 2 1 R £ o
S IR o 2R B 1) SR SR N N A e AT e ik A
F(Bach Knudsen and Hessov, 1995). 43/ B i Ak 2R
W 1) H B KR 2 (Saengthongpinit and Sajjaanan-
takul, 2005).

R SEERBE W] LK O3 0 ToRp 2R A 55— Fh 2 Y
5 Hi 78 L 22 B (Linear inulin-type fructan), 17 7E T %4
BHED: 55 R g pE R R R0 A R A, A7 e T
FARHEY s S 4h =l oh 8 BB AR R L SR B (Lin-
ear levan-type fructan) ., ¥ & Z9BA AR LR BE (Mixed
levan) FIRA A HL Y L SR BT 2F 22 41 (Levan neoseries),
TEAE T ARAEHEYI(Pollock and Cairns, 1991)., 54
B A A DU R S L e R 2 5 G i, RO RERE -
FERE —1- BB AL W (1-SST) s AL2RMH - I —1-
KWL W (1-FFT); FEWE : JZE0E —6- AW LTS
B (6-SFT) AR ZEHE : RIEHE —6G— RIEFFLAZ 66~
FFT), %37F3ezarh 2 LR T o i 700 2R S b e oA A7
T KRB 1-SST A 1-FFT 3LEAEH,
1-SST HEAL A RERE 70 7 T — A~ 1- BER =4 2>
1, BEJGAE 1-FFT fEACT G 1- Ji R =888 il Fr
RO, MM ACTE R 1- BE R BRI = SR 5
(DP)JRERME Sy 1o 1-FFT ~V-3 55 B o AR AR IR
FERE 1- B R . 1-FFT RIS e TR
FHE I A BRI B (Im et al., 1998)., 2RIV (1)
1-SST F1 1-FFT K& D5 © £ 9% ve [ 1 1)) 8 48 11 (Ende
and Laere, 1996; Benkeblia et al., 2003, Suarez-Gonza-
lez et al., 2014; Yue et al., 2017), {HIC T IXLEHLA 1]
JA 81 P8 43 8 v b 5 D e o A v R WARIE

Ja BT T b X P A 5 g PR, A2
AR AR W 5% . 43 B3 1 I35 B2 AE (ORF) E i
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T, 45 KR HTE FFTP W& 8 MTE4HE>0.8 1)
Xk, PEIMELE 0.85~0.99 2 [i], Hih 296 5] 246
DX IR A% 0 DX 325 H bR X IR, AR AT T e A A
FETP )5 8120 X B 1),

1.3 B B 3RA B HE B 3 F4%00 R 35

FUHAIE —296 2| —246 [XIUE15 0 FFT JEXIF R 5
F DI, ASHIEFURE 43 25 2 1) FFTP 1) 1 611 bp AR
B F Y 400 bp (A5 4t pCAMBIA1301 %4k

M 1 2 3

2500 bp

2000 bp
1 500 bp

1 000 bp
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Bl 1 1-FFT J3 )1 Tail-PCR "3 H ik

{1:: M: 1 kb DNA Marker; 1: #—% PCR Hi¥K; 2: 5 —%& PCR
UK; 31 55 %8 PCR HiJK

Figure 1 The electrophoresis of the amplification products in the
process of tail-PCR for the promoter of /-FFT

Note: M: 1 kb DNA Marker; 1: First PCR electroporesis; 2: Second
PCR electroporesis; 3: Third PCR electroporesis
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Table 1 The promoter prediction of FFTP in neural network promoter prediction software

IR 1 VA - SR VA Py AR B) T

No. Initiation site Termination site Score Promoter sequence

1 -1 565 -1515 0.87 ATATACTTCCTATAATTAAGGTGGCGGTTATGGGAAGTTTTTAATTAATT

2 -1376 -1326 0.86 TAGAAGAGATAATAAAAAATCGGAAAATCACAAAGGGACAATAAAAAATA
3 -1346 -1296 0.99 CAAAGGGACAATAAAAAATAGGGTGAGGCCAAACACACTCATCATACAAG
4 -1242 -1192 0.97 TGTAAAGGGTAAAAAAAGTGGTTGTGAGTGGAGGAGAGAGAAAATGTTAC
5 -1192 -1142 0.96 TGTTCATCTGTATATTTGGGGGTGGGGGTTTAGGATTTTGGTGGTGGTGG

6 -837 =787 0.86 TAGAAGAGATAATAAAAAATCGGAAAATCACAAAGGGACAATAAAAAATA
7 -807 =757 0.99 CAAAGGGACAATAAAAAATAGGGTGAGGCCAAACACACTCATCATACAAG
8 -296 -246 0.85 GAAAATTTACTAAAAAAACCCTCTATACATTAAAGGTATCTTGGATGTAA

1) CaMV35S J& 81 3£453 84k pCAMBIA1301: FFT-
P400 fl pPCAMBIA1301: FFTP . ¢f pCAMBIA1301: F-
FTP400.pCAMBIA1301: FFTP #1 pCAMBIA1301 %%
HAKT R GV3101 Ji7, AEME R BEAT Bk I 3k
GUS 40 5 I, % i CaMV35S.FFTP Il FFTP400
BIRA BN cUs FHFILM G ) FiGTE. 5 CaM-

V35S, FFTP il FFTP400 (135 1 W %% 59, {H FFTP
A1 FFTP400 (135 1 22 5 ANt Ui —296 21| 246
XSt 2 1-FFT JE R S 31 4% 00 X 3(K12)

1.4 5= 4E A T 4 il

MU I-FFT ARG T g2 5 10 B 2 0t
f, @it PlantCARE X} FETP 44T T 24415 A
25001 o FFTP J7 40 v LRI 3] 121 AN H oo
P, BRI 307 B L& I JE AR JC AT 39 A TATA-box Fl
22 > CAAT-box Z4h, i3 60 25 [-FFT JEKH R
R RAE et 28 60 NI AE et , 26 4
A TR LT RE . S 56N 124,
5 MYB s R FAER A 3 A, SRR RV R

A B C
Bl 2 AN AL HE GUS St )5 i B
7 A: pCAMBIA1301; B: pPCAMBIA1301: FFTP400; C: pPCAM-
BIA1301: FFTP
Figure 2 The tobacco leaves after GUS staining in transient expe-
riments treated with different constructs
Note: A: pPCAMBIA1301; B: pPCAMBIA1301: FFTP400; C: pCA-
MBIA1301: FFTP
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PRI AR KL, 2016). 2007 )5 801 15251 fg
T, RTINS E R oA JE Bl F i R
h e BTSSR R Bl 1 D e 22 e DA AT Ui RS DA
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IR0 B i R IA K 7 VAT T 3 Bh T A% O X IR 56
ilF, PlantCARE Z»#1# 8], FET 5' i R4 &4 £
A sl FIhRg o, P Fs: TATA-box . GATA-box
1 MYB-related %5 o4, X AMAE oo 2 5
SRS SERDINARE ST SN AN N B R N Y g LN
TR AT TCAT o A RIS R B AL AT S e
ST B SRR S A B AT R TR A B v e
(Ji et al., 2007) . B4 (Albrecht et al., 1997). 5 (Kafi
etal., 2003)5 . A FURE— DI UE T HEME G il s
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% 2 FFTP XA A DO REvERE M= A H o/ FRRE

Table 2 The plant cis-acting regulatory elements with functions annotation in FFTP region

Jet iR S (A Y B 5 & 27 ThREERE
Item Site name Organism Position Strand Score Sequence Function annotation
1 GATA-motif it/ 687 7.0  GATAGGG S N A
Pisum sativum Part of a light responsive element
2 TCT-motif  MFF 160+ 6.0 TCTTAC PALINPIW S
Arabidopsis thaliana Part of a light responsive element
3 TCT-motif  $hiJF 565+ 6.0 TCTTAC P LIPS
Arabidopsis thaliana Part of a light responsive element
4 TCT-motif  MFF 556+ 6.0 TCTTAC e R TCAF
Arabidopsis thaliana Part of a light responsive element
5  TCT-motif  #UFJF 1167 - 6.0 TCTTAC S N o
Arabidopsis thaliana Part of a light responsive element
6  Box4 AR 88 6.0 ATTAAT L3 NAT SR OR Y DNA BESR
Petroselinum crispum Part of a conserved DNA module involved in light
responsiveness
7 Box4 LI PEL CIZ 1458 - 6.0 ATTAAT LGOI NAT 9% (R 55 DNA Bk
Petroselinum crispum Part of a conserved DNA module involved in light
responsiveness
8  Box4 IR AN 130+ 6.0 ATTAAT 55560 A JC AR ST DNA bk
Petroselinum crispum Part of a conserved DNA module involved in light
responsiveness
9  Box4 LS PEL CIZ 97 4+ 6.0 ATTAAT YOI AT 9% (K R 55 DNA Bl
Petroselinum crispum Part of a conserved DNA module involved in light
responsiveness
10 Box4 LA R 1434 - 6.0 ATTAAT G NAT R (K 755 DNA ik
Petroselinum crispum Part of a conserved DNA module involved in light
responsiveness
11  MRE =Y ELUAZ 521 - 7.0 AACCTAA LG AR MYB 455 hr i
Petroselinum crispum MYB binding site involved in light responsiveness
12 MRE EEIYWELUAZS 971  + 7.0  AACCTAA M RAH SN MYB 45547 1
Petroselinum crispum MYB binding site involved in light responsiveness
13 MBSI A 473 - 10.5 aaaAaaC(G/C)GTTA S & iAH ) MYB 2k [
Petunia hybrida MYB binding site involved in flavonoid biosynthetic
genes regulation
14 P-box KT 1027 - 7.0 CCTTTTG TR R N IO
Oryza sativa Gibberellin-responsive element
15 CGTCA-motif K# 921 - 50 CGTCA FATRRMATH T
Hordeum vulgare Cis-acting regulatory element involved in the MeJA-
responsiveness
16  TGACG-motif K# 9221  + 5.0 TGACG SRR A AE H oo
Hordeum vulgare Cis-acting regulatory element involved in the MeJA-
responsiveness
17 G-Box Bid 205+ 6.0 CACGTT e A F e
Pisum sativum Cis-acting regulatory element involved in light resp-
onsiveness
18 G-Box Hitl 931  + 6.0 CACGTT M WA G
Pisum sativum Cis-acting regulatory element involved in light respo-
nsiveness
19 Circadian i 1514+ 9.0 CAAAGATATC AR R IAAT e

Lycopersicon esculentum

Cis-acting regulatory element involved in circadian

control
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Continuing table 2
P LR PRy A P2 I v S ThREERE
Item  Site name Organism Position  Strand Score Sequence Function annotation
20 ARE EEP/S 943+ 6.0  AAACCA PREA IR T e
Zea mays Cis-acting regulatory element essential for the anaer-
obic induction
21 ARE E5P/S 1484 4+ 6.0 AAACCA DA IR A e
Zea mays Cis-acting regulatory element essential for the anaer-
obic induction
22 ABRE AT 931 - 50 ACGTG I e N A FH e
Arabidopsis thaliana Cis-acting element involved in the abscisic acid resp-
onsiveness
23 ABRE N PO 205 - 50  ACGTG I 1 5 2 AR P e
Arabidopsis thaliana Cis-acting element involved in the abscisic acid
responsiveness
24 TC-rich repeats  JH %t 1100 - 9.0  GTTTTCTTAC [ fHIA0 s B xCAE F TS
Nicotiana tabacum Cis-acting element involved in defense and stress
responsiveness
25 TC-rich repeats % 1167 - 9.0  GTTTTCTTAC B HIAN NS RN A F e
Nicotiana tabacum Cis-acting element involved in defense and stress
responsiveness
26 TGA-element 258 1199+ 6.0 AACGAC ER S JrIVF L

Brassica oleracea

Auxin-responsive element

L)), B I AR B S Ak, A [ 55 B 55 1 48
YEY 53 1 B AP SOSEge = 4e it . RIBAT I (E. coli) A
Bk TOP10 AT B GV3101 BiAkIE B g TAEY) T
FEHAR A /N ORI ) & DNA 2 4 il
Thermo /A 7 , DNA Marker,Lodding Buffer. PR il
P UINE DNA HEH M T NEB 2 ), B RO 7]
G T AR E T HIR SR A=) TR B AH]

3.2 E[FH DNA #2E

KH CTAB J57%, W AMNHE SN CTAB $2
U, 65°CHE 30 min, 2 J& S 45 42 I I 7 A e
TE . UUE Y DNA 7K fi# 5 I RNAaseA % RNA J&
FLOTEDUIE, UITE R DNA /K& H
3.3 PCR #0 Tail-PCR

PCR 9 14 47 H] 5 f& 5§ High-fidelity Phusion
DNA polymerase (Thermo-Fisher Scientific)7E GeneA-
mp PCR System 9700 (Applied Biosystems)##; & PCR
POGRAT . VT 4:98°C 2 min; 98°C 10's,62°C
30s,72°C 2 min, 32 /ME#H; 72°C 10 min., Tail-PCR 4
W SN FRT JP 40, 4630 5t o e il 3 AN B ) (1 82X
514 SP1.SP2 #l SP3., Z75 Rk +¢ 4 A 514
AD1-4 (% 3). LA 10 ng (LK 41 DNA A8k, 3 A4
R ST 1) S5 A —FRBENLS | #)1EAT Tail-PCR 971

(PR 38 S S N 4 A 42 SCHRIEAT) o S N2 7 ) 388 3 Bt
NEBE B AT rUk 2 BAS I, K H SRR YIRS
I 3R I [Pk 1) 46 (Tiangen) (BT, Ry [RTic
Fr BN A J5 %442 PGEM-Teasy % /& (Promega Cor-
poration) -, # 46 K AT B DHS o, 46 I 45 30 (1) BH &
FLRERE R AR AT W .

x 351055
Table 3 Primer sequences

EIE R FIF5(5'-3")

Primer name  Primer sequence (5'-3")

AP1 NGTCGA(G/C)(A/T)GANA(A/T)GAA

AP2 TG(A/T)GNAG(G/C)ANCA(G/C)AGA

AP3 AG(A/T)GNAG(A/T)ANCA(A/T)AGG

AP4 (G/C)TTGNTA(G/C)TNCTNT

SP1 AGTCCAGTCAGTCACCAT

SP2 TACCAGTCCAGTCAGTCA

SP3 AGTCCAGTCAGTCACCAT

FFTP-F TCCTCTAGAGTCGACCTGCAGGTTATATA
CTTACTGAATTGTGTT

FFTP-R TTACCCTCAGATCTACCATGGGGTGACTG
ACTGGACTGGTAAG

FFTP400-F  TCCTCTAGAGTCGACCTGCAGCAATGGCA
GATCCAGGGGTT

FFTP400-R ~ TTACCCTCAGATCTACCATGGGGTGACTG
ACTGGACTGGTAAG
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34 RFEN SHI BRI RIA

A HE L 7150 e BRI FFT 528 A 3+ 17 4]
A% ¢ _F 400 bp X 188 # pCAMBIA1301
WK FR3h cUs FEXRI 35S JBEh T Pst T A1 Neo 1
XY pCAMBIAL301 24k, VIB% GUS 2 A HT 1)
35S RBP4, I A B 3G 591 FFTP Al
FFTP400 Jv Bt 47T 4 % )V (Vazyme /2 7] One Step
Cloning Kit). X N =W AL K AT B, PCR A FH 4
PR VR S S ECBH 1 B v R EDUTORE, DU A A FFTP Al
FFTP400 CLIEARL ST GUS 258 5 B, 35453 pCAM-
BIA1301: FFTP400 I pCAMBIA1301: FFTP #% 14 .
DL g4 pCAMBIA1301 by Xk, 503000 3 1E A 1) 2%
A JTORE R FH 8 A0 i B A AR FF 1R GV3101 BRTBK
PCR 36:AF Ji5 326 B 121 7% % H

PR PCR A58 IEAA KT B V& F2 A\ 5 mL YEP (%91t
£ % Kan 50 mg/L+Rif 25 mg/L+Gen 25 mg/L)¥i A&
g dhdn, 28 CHE K (180 r/min) i 1575 . ¥ 950
7 000 r/min &0 5 AR F AR, H 5 mL 9 H B (%
10 mmol/L MgCl,, 10 mmol/L MES, 150 pmol/L AS)
HRJFEWER L 3 ho BE T I AR R (R
PEXT ) VRS 5 IRA IO (A 1 AN Hrt
J s BRI 2~3 AN, BN ARBRVE ST 2 K, %51k 2
ANEE L FRERERR IR 25 C RIS RS, 16 h
R, 8 h BT A N AR . RIFEEHIG 3 d, K4E
HHIQ ANER), I GUS Jeii 37° Cik i de o, 15 H
T0%H) LIt 2 BRI 21 38 Ja WL 14

3SEMERESN
i F Vector NTI 10 £ 2% 3K £ (Invitrogen) 4T

pCAMBIA1301 pCAMBIAI1301:FFTP pCAMBIA1301:FFTP400

Pst1 Nco I

CaMV35S

GUS

K 3 Btk

T WA AR IR FoRL; RS HERR I RETTIE; Poe T A
Neo | HBEVINT 5 CaMV35S, FFTP, FETP400 4 Ji &) 1 13 41;
GUS ARFR B~ I BE T IR L A

Figure 3 Carrier construction process

Note: The entire pattern represents the ring plasmid; Each box
represents a functional element; Pst | and Nco | as restriction sites;
CaMV35S, FFTP, FFTP400 as promoter sequence; GUS for 3~

glucuronidase gene

P A S LB %) . Primer Primer 5.0 #4F ¥ ih 514 .
i 28 9 2% R 3l 5 T 73 At NNPP (http://www.
fruitfly.org/seq_tools/promoter.html) % £ it 17 )5 5))
RO X IAEYE 1750 4T, KA PlantCARE (http://bi-
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BAE A oot

{E& oaik

PN M AT 5 IR S 36 BT RSB ST AR A
TN 58 R 0, W SCHIRR I B A SR 2 5 5k
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£l R T (B I T e o S (B R VIR PSR B P 328
FISCA

B igt

AHFITH E K F AR 3L 800 H (31460523)
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