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FWMY, FE? AR XNER!, B5E

(. PEBPEEFTEEEY S TEMESLRRE, 1T 810001; 2. HEFIEGEREEYIE, | REMAEYYEASERE, PEBREGERE R
Yo For T S0 G SR E AEIRE, [ 510650 3. HIEITO KRS E ¥k, T 810016)

WE, BEMIC Lycium ruthenicum) & STEHF R, AN2 ZH &R B EMACIEE R& AR 8 E . AT AN2 Z 5
FTHEEMEZESR, R Tail-PCR J7i%4> B 50l 7 B RAC AL RANIC (L. barbarum) AN2 EIRFRIEFEG T L4 1 686 bp
(LrAN2p)F1 1 495 bp (LbAN2p)I¥17%1| . Plant CARE TR B, LbAN2p F LrAN2p 53 A 133 A1 137 AMWIREAE Ao,
t, 25K T A 11 #1015 A4S S5RGBT A 13 116 4. M AN2 3 TR
15 %448 pPKGWFST:LbAN2p Fl pKGWFS7:LrAN2p, FIHRITE T FIMHZE SR AR RPAFHEEPIMEE . GUS Jeth g Rk
B, LrAN2p GefIKz) GUS 1EHRE R RIZRIL, W 2 G, BAR LbAN2p Hiala 8iE M, qRT-PCR 4558 %H, LrAN2p
IR b GUS B A BRI T, XAl AN2 HRE BB P AG EmIEE, BsERmiiesEis
BARHEES . MR HIRC ST R AN2 3 R R IA R LI B8 T FIR SEat

KRB MMM TR AN2: JH3T: GUS it

doi: 10.11926/jtsb.4746

Analysis of AN2 Upstream Promoter Activity Based on Tail-PCR

ZONG Yuan', WEI Guo 2, SHI Guangyu 2, LIU Baolong ', BAO Xuemei **

(1. Key Laboratory of Crop Molecular Breeding of Qinghai Province, Chinese Academy of Sciences, Xining 810001, China; 2. Guangdong Provincial Key
Laboratory of Applied Botany, Key Laboratory of South China Agricultural Plant Molecular Analysis and Gene Improvement, South China Botanical Garden,

Chinese Academy of Sciences, Guangzhou 510650, China; 3. School of Education, Qinghai Normal University, Xining 810016, China)

Abstract: Lycium ruthenicum is rich in anthocyanin, and AN2 is the main gene regulating anthocyanin anmeta-
bolism. In order to analyze the activity difference of AN2 gene promoter, the upstream sequence of AN2 gene start
codon about 1 686 bp (LrAN2p) and 1 495 bp (LbAN2p) of L. barbarum were cloned by Tail-PCR method,
respectively. Plant CARE predicted that there were 133 and 137 cis-acting elements in sequences of LbAN2p and
LrAN2p, respectively, among which 11 and 15 cis-acting elements were involved in photoregulation, and 13 and
16 cis-elements involved in hormone response, respectively. The plant expression vectors pKGWFS7:LbAN2p
and pPKGWFS7:LrAN2p were constructed, and the transgenic tobacco was obtained by using Agrobacterium-
mediated tobacco genetic transformation system. The results of GUS staining showed that LrAN2p could drive the
expression of GUS in tobacco, and the leaves were blue, with stronger starting activity than LbAN2p. The results
of qRT-PCR showed that GUS gene in LrAN2p transgenic tobacco had high transcription level, which might lead
to high expression of AN2 gene in L. ruthenicum, and activating the anthocyanin anabolic pathway. Thus, these
would provide a theoretical basis for understanding the mechanism of fruit color formation and AN2 gene
expression.
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IR (Lycium  ruthenicum) 2Rk Solanaceae)
Mt 2 FABRIEAR, FEIMTHERE. B
SEAL S mE . . TR, EEMRE
BT R EW. MER. EDEE 2 P I R
L AR ENE RREDR. TEMIKE.
barbarum) AAEEHAC JE V& HHEEAN, A R
SeL MR HEINY, BEZE. . M.
ARG R ) T T B A, KR
TR AN ROE AR AT S sk, M
HRITEE RAM MBS R, WGER, AJZAEM
B BE R ARAT AR T R,

16T 2 A W) 53 i A7 A8 1) — oK IE R 26
W ARG, TR AREIEED, H
PAL. CHS. CHI. F3H. ANS 45 f 3 R 010,
ifi % 5K -F MYB. bHLH Fl WD40 /15 &4
MBW Re S 25 M R R 3Rk, IR #EIE T =
DG . MYB $gH 1 2 RiEEMIe T =6
BRI B S S R, 1 40 e IF (Arabidopsis
thaliana)) AtMYB75M, AtPAPIM2), $&4: - (Petunia
hybrida)if] PRAN2U3 FAA RV (3 f)(Nitraria sibirica)
(1) NsMYBI"MEEBL R o] 1 [ A6 T R & . 7l
FAWE TR BH, SR MAT (Lycium ruthenicum)5 21 F 4]
FE(L. barbarum)™ 53 & H 1] R2ZR3-MYB 4% 3% [K 1
LrAN2 R LbAN2 %510 5 R34 1B [ 16 75 2 (10 AR
A ) 3 Rk LrAN2 SR 40 5 (Nicotiana tabacum)
HHIE T 2 AU I8 B A A ) S R A 22 A
MYB 5 3 RFH s, (2 AN2 FERIAELT Rt
R B AT H e AR S 6 A S 1 iR R AN 2

Ja B AR AR B R T, REag iR
et G L R, 8 5 DR 3k 1 45 1) B AR
A7, BARIIE AL AL IR R DR R, (HiR
NTFEIEEE R RIEXT AN2 R 5 81 Thae s i
HIGE BT 7k, A8 78I Tail-PCR 77250
W 21 SR AT AN 2R SR A AC Hh 18 T 2 A % B R A
LbAN2 F1 LrAN2 LR35 51, JER vkt
Bk, AR E T 08 Ak R I8 UEH T
e, DM R — SRR AL R EOIE B AN2 FE R
FIE VAN LB B E IR Bl o

1 BRI

1.1 KB
A S a6 3% A M (Lycium  barbarum)* T

e 7 5 FEERMIAD(L. ruthenicum) “H EAE 15, K
T HiE A= BRI KR 1(96°27.2856" N, 36°
26.9625' E), Samsun Ml ¥ (Nicotiana tabacum){rA7 T+
rp [ R 2 B v AL R AR PR A RTAE Y A T B A R
RSENG S, LrAN2 A LbAN2 K 7 51) A3 1 240wy
W vw B RN 23 B R AR US) . B S SR R R EA TR,
RIET-80 CUKF% . DNA. RNA BRI &
JB2 1B YAC R 77 8 E R AR B AL BHE (A6 ) B IR A 7] 4
fit, FERFA & PrimeScript™ 11 1st Strand cDNA
Synthesis Kit (TaKaRa Code No. 6210A). & PR E i
T BRI A D45 TaKaRa (K3E) 2 mI4R 4L, AT
GV3101 W H E¥E TAY TREEAR AT,
1.2 ZFH4 DNA $#2H

K RAR 2 B 22 By A4 225 (R 40 DNA $2 567
(O 2R )Xo 1 A R B SR AT SR Sz gk 47 R (R 4
DNA 21X, F§ Nanodro ¥ &l 72 50 2 R FE, 1.0%
B R A P2 P i A O 2% i T £ o
1.3 PCR # Tail-PCR

PCR ¥ 34 LL DNA J#AR , {4 H S R H 4§ Prime
STAR Max Premix (2x)4 34, PCR ¥4k FA: 25 ul
PrimeSTAR Max Premix(2x)+ 1E& M 51 #)% 0.5 uL-
23 uL ddH,O #1 1 uL cDNA. PCR XN AZFA: 98 °C
10s, 55°C 5s 8 15s, 72 C 1 min, 3% 30 MG,
Tail-PCR MR 5 CHI) LraN2 75, #EH 5w iit 3
ANASMNR G4 AN2-R9. AN2-R8 Al AN2-R4, {ifi
] Genome Walking Ki 7|5 (TaKaRa, Code No. 6108)
HHT Tail-PCR ¥4, RNAR RS RS Liu 518
[1)771%. PCR Fl Tail-PCR F=#ITE 1%E AR HEEE VK
TR, [ECH Bgk, R R A A
pEASY®-Blunt Cloning Kit, #1¢ KT DH5a,
7 PCR %57 R 14 . s b ik 22 A T Hifg) e o it
ZER5W, SERE 8 NI AT 7 ANHE R
MR HOFERZH DNA BHTH 48, FEH R AE
IR FRL VI T 2 AR o AR B 51 R 1,
1.4 EWEEFEST

8 AlignX BAFEAT 7 41 B FpF 42 . D9 i
HT LbAN2p I LrAN2p J& 2 X 3 isi =4 A oo 4F
# 5, % LbAN2p A1 LrAN2p 5 51347 73 B8 e e
] Plant CARE (http://bioinformatics.psb.ugent.be/
webtools/plantcare/htmL/) K AF 2E47 J& 3+ it = AE H
TeE AT,
1.5 B3 FREBMME K EE LN

ff ] Gateway BRI ERA, 8T BP RFE



52 SEINEE: HET Tail-PCR 7041 AN2 B i 8 21 259
#1514
Table 1 Primers
5% Primer 7% Sequence (5'~3") Hi& Purpose
AN2-F1 ATGATGAATACTAGTGTTAC et 75114 Amplification of core sequence
AN2-R1 CTAATTCAGTAGATTCCATAG
AN2-R9 ACCAGCTCTAATGGGAACTTGATGC #5—%& Tail-PCR Round 1 Tail-PCR
AN2-R4 CTTGATGCCATTTTCCTTCACCGT 35 %% Tail-PCR Round 2 Tail-PCR
AN2-R8 GCACCTTTCCTCACTCCAGATGATT %5 =% Tail-PCR X ll/F Round 3 Tail-PCR and sequening
AN2Pro-F5 GTTGAGGAAGGAACAAGCCAC
AN2Pro-R10 GTGGCTTGTTCCTTCCTCAAC
LbAN2Pro-F1 AAACACCTTCCACTTTCAACCTG gDNA JE 5T PCR P4l ¥ PCR Product sequencing of gDNA promoter
LrAN2Pro-F1 ATAGTAATAATAACATCTAGTGAC
AN2Pro-R1 ATAGTAATAATAACATCTAGTGAC
AN2PCY-F TACATGCTACCAAACGAGA Z 5 PP Differential sequence amplification
AN2PCY-R CAACCTAAAGGGTCCATAT
NtActinF AATGATCGGAATGGAAGCTG LR HT qRT-PCR analysis
NtActinR TGGTACCACCACTGAGGACA
RT-GUSF ATGGTCCGTCCTGTGAAAAC
RT-GUSR AACGCTGATCAATTCCACAG

¥ 3 T 7 B B AE P R pDONR207 H, I
P IR SR MU KL, 4k 22 HE4T LR SN 58 B i B 3R ik
A& pPKGWFS7:LbAN2p 1 pKGWFS7:LrAN2p. #4
RISP AL DHSa KT RZ S0, &5
PHPE B SOl , U7 B SR BRI % o R
ZUR AR 2 R AR AL GV3101 RAT B IR Z 3
YA, 7ESAHIE(100 mg/L R, 100 mg/L
FIAEF)H) LB [E R 77 B F 28 CHiF 48 h J5
BT 7% PCR %8, PREUPH S 7 BE7E LB A
B FRF(100 mg/L RAEZ . 100 mg/L H4E )
28 °C.200 r/min FEH 48 h, OD {i 5 0.8 i,
K BEVE AT R B AR A0 20, kR IR . 4y
R IR AR IR E A . B RGRAR A R
Pho A GUS Je il SR i Fy ARG S 21,
37 C#IRIEIE R, ToK L RFE VL i 44 2 J W 5%
BAREL G
1.6 qRT-PCR

KRR RNAprep Pure % 1 Z Wi fE ) 5 RNA
PRGN G (RO AR AY), SRS AR B B % L ]
MHELIH Fr il RNA . A8 S s ikf 5 (TaKaRa), K
cDNA #i% 100 fi5 % H o LA Ntdctin NN SR, %
3514 RT-GUSF. RT-GUSR i Primer Premier 5 1%
THER 1), R KR BiAE 5727 SCIRPA . il EE
- Fr i GUS J: R ARG I8 B R Y 27246t VAT 5
3AEYFES, 1HE S R8T Graphpad prims 8.3
e,

2 SR

2.1 ¥t AN2 BERBRFFHSE

FIH Tail-PCR 7732, #R4EMIFC AN2 B A ] cDNA
J% gDNA JPHI T F i 5140, DL SR pAc Fi 28 it
FCHE K ZH DNA ARBGHEATY 1, ARAE AT 07
H, Wit Tail-PCR HIRFRPESIY), 43 25 3 56 R AT
AL AL AN2 F2 R R UG 265 1 B iE4) 1 686 A
1495 bp HIFF51, fiv4% A LrAN2p 1 LbAN2p (] 1),
JPHILERT S5 SRR, BRI AE 573~584 bp b F
12 bp MI“CATGAAGAGGAC i N, WitZR51¥
XA R KA i 20 S A A B SR A A B R 4H DNA
HATY (B 1: D), 25 F R BL S AL A 2R A A
(1] PCR F=¥) 2 S B s, 2507 iE T, nI A BIX 4L 3
i FC FH 2B A AT
2.2 R TTfE b

FIH Plant CARE fEZ A% LbAN2p F1 LrAN2p
HEATIAE e b (B 2). 45 5R 3K, M LhAN2p
M LrAN2p 2812 751 43 il A 21 133 A1 137 AN
N = AE R e, B B 3 BT 45 1 43 A1 47 4> TATA-
box. 20 122 > CAAT-box 24k, 45 70 Fl 68 N2
5 AN2 BN FIE PRI E R o, Hd LbAN2p
Hf 24 A AT D aE IR AR F o, LeAN2p Hh
A 304, MSEREERS A 11154, O
G-box. G-Box. GTI-motif. GATA-motif. MRE %&;
SR RAH A A 13 f16 4, WiRE R
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A B C
Ml APl AP2 AP3 AP4 M2 APl  AP2 AP3  AP4
bp
2000
by
P 1000
15 000 750
500
5000
250
2000 bp
2000
1000
250 1 000
750
500
D

B 1 AN2 2P )3 3571 Tail-PCR (A, B)~PCR F=#)(C) LA F = it AT () PCR 7= 4)(D) FELIK IS A: 2L R MAT; B: ZESEHAT; M1: DL15000 DNA Marker;

M2: DL2000 DNA Marker; M3: 50 bp DNA Ladder Marker; AP1.
9~15 JNLLRMIAT; 2~8 Dy B RMIAC .

AP2. AP3 F1 AP4 NFEIEEIY); B C v 1~3 N RMIT; 4~6 BRI

B D1,

Fig. 1 Electrophoretic map of Tail-PCR (A, B), PCR products (C) of the promoter of AN2 gene and PCR products (D) from different places of Lycium. A: L.

barbarum; B: L. ruthenicum A: . BHMif; B: HEEHMIFL; M1: DL15000 DNA Marker; M2: DL2000 DNA Marker; M3: 50 bp DNA Ladder Marker; AP1, AP2,

AP3 and AP4 were primers; 1-3: L. barbarum; 4-6: L. ruthenicum in C; 1, 9-15: L. barbarum; 2=8: L. ruthenicum in Figure D.

Mottt ABRE. A& Z W N o AuxRR-core Fl7K
Mg 5 e CGTCA-motif. It4h, 5 LbAN2p #
L, LrAN2p 1E5 573~584 £\ T 12 bp HI“CATG-
AAGAGGAC”, {fHHEA T £ 1) CAAT-box.
2.3 B FiEHES T

NWEFE LhAN2 F LrAN2 3N 5 3Fid 1, B
B R IAIAR pKGWFS7:LbAN2p 1 pKGWFST:

LrAN2p AL LA GV3101 Ja, FIREITENS
E‘Ji)%ﬁé%%ﬂzligfaé”éilﬁ SXof BH A A 5 DR R 3
1T GUS Zett, DIBFA Y Samsun I F o~ B 4
XTHE . 45 R FE W, pKGWFST:LrAN2p # 1A% iE )5,
GUS [k N FLSR B 40 i, Ak 20
pKGWFS7:LbAN2p % 5 KM L Iy G £ 5 oK ML 42
FE A, WIRMM GUS & A LT3 A RIE(E 3).

% L
=l [ =] 5 =
= b=} = e ) —_9 o
e : 4 fE T £
:i Esg g & 2% i 3
2 g U x o 2 O 2z 8 = . §E = = & - o £
2 25 2255 £ 2<% 2225 s £ 8 &8 2
< < O & = B & O O ¥ U L O = 4 F &} = = = =
(I IS IR R IS B 1 (I INRIE RNINN RRIRN AN 1 2 2 2
LrAN2p
glafzfia] i|s]2 I 2N ORI SN 0 B2 1 1
LbAN2p
R b/LIA
Hormone response Photoresponse

& 2 LbAN2p. LrAN2p (=A% Fl oot

Fig. 2 Number of cis-acting elements in LbAN2p and LrAN2p
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FEMAE: BT Tail-PCR 73 Hr AN2 ZE R L8 3 1% 1 261

WT: GUS

3 JHGIH T GUS et

Fig. 3 GUS staining of tobacco leaves

2.4 qRT-PCR

PA NtActin IR ZHEH, KA qQRT-PCR X 4% Jk
RIEELH | GUS J N [ AR g AT 2 1 (] 4)
ZEREH], L LbAN2p:GUS &t GUS F: K ()4
W Rk NXTIR, LrAN2p:GUS #6FE KR
GUS F [N #E35% K V5 LbAN2p:GUS MR & H Fr (1) 2.55
s, ZREEP<0.01).

3r %

(i8]
T

—_
T

HXF Rkt
Relative experssion

LbAN2p:GUS LrAN2p:GUS
F:[H Gene

4 FEEREE R GUS B AN Rk &

Fig. 4 Relative expression of GUS gene in leaves of transgenic tobacco

3 45 AR

MNP YRR, 2
JE @A EA S TR A TR A, A
e Ok RS BAREREF R, N
B G 77, T PR SR A AT B AR T R AR R4 AL
HIWFFCAEIT 2 SEAFF R, WFFCN Sl i i s A
FARAE BRI IR LrAN2, UESE LrAN2 1532
SRR R RIA WIS TAEE mIE R, RIEWE ST
W IE 5 FR A IS T8 R B 8 R B PR R
PARe LrAN2 % 567K i, 10 2 2 RV R 5 oy A &
R, LrAN2 F LBAN2 PHAN S 3 [R5 SR o
AL R BRI A —, LrAN2 THREFE SRS 101 4]
AP A S AR AN LT A AT e AN2 JEER R BT

LbAN2p:GUS

LrAN2p:GUS

DX A 1 22 57, AT 23 LbAN2 DRt s5 T
LrAN2.

B R B X380 A 1R A oo fF Re g 4%
il 12 J55 [R] 2 a2k (1) J6S 4 B ) FH AR BE 23] ARt R
Tail-PCR J%:3K15 T LbAN2 F LrAN2 3[R 45 % 1Y
F 20 1 686 1 1 495 bp 1741, 5 LrAN2p #HLL,
LbAN2p J7 &4 58 2 WIRAE H 7o« LrAN2p
12 bp “CATGAAGAGGAC”[IHfi N, fif3 LrAN2p
BB LK) CAAT-box, XA {E N RLIX 540 et
ORI 2 SEHIAC 0 2 FhRic, 7EA Ja MAC B il R A Bl
TAEH R TS ARL T Nz —. Bhah, I
RRAE RS R EES R R, BE
FAc v 5 22 1Rt e S e A B AR TS LrAN2 JE
RIRIE, R E ZNE K. ARy, &
B R IA R BT DAY T 2 RAMES . s
KRR SRS Z M AR, SR U
PERS261 i LrAN2p T ABRE ToMt &3 % T LbAN2p,
ABRE & ik R FE S 45 A oo, IS RRAEAEY)
FRHTT A 2 P, X N T LrAN2 5 R
PP R il Eh0E EAH RS, LrAN2p H 6 4
G-box Jof, L% T LbAN2p, G-box BiESESE 53
IR IERR . LM R, 245 SRR P
KMACTHE 7MY A AR 5ot n] DUAE I
LrAN2 FER A AENS 724 MBW &1, A Al REA
0 ] TR B0t T T i) 97 356 DR B AR P AR AR D LI 1 R
H, AT $ e S SR A AT E P b S X ) Pl o

KRR RIS H GUS et BH I E
b, RIFHEL AT L A, DTHE 5 3 X 35
(Ve 22 5 o B B RSB T pBI121-LsANSpro:
GUS Rl & RIAHAEK, Wi AU T (Arabidopsis
thaliana), FHAR. MR RES, "JHE3T
LsANSPro B JH 3 iR IEH . & & a0
M T ERINZZ (Triticum aestivum)i] TaMYC1 5 3]
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THYFRIE A TaMYClp:GUS Al TaMYClw:GUS
HRNAR R, SRRV TaMYClp J3 3T 1
PEESE =T TaMYClw, NS SR /NE T TaMYCl
KPR AT R ER&SE R T
(Brassica napus)) BnaFIL J& 3)) ¥ 15 664 KL F G
TEMRRIAEE 22 R, U S 3+ B 3K S R % i
KA R AT T 3%, S BnaFIL 7EA R K}
W PRI R A — BB, FEARBF TR, GUS Jetigh
KW, LrAN2p 6% 835 NiF GUS i 2 K 7E A
B R RRRIA, UL R BT B A B R S 3
TEFE RIS I RE 7, T LbAN2p RIS et )5
A AS R, UL LbAN2p )5 Sl s 36 R 5% ¢
MfE S 55T LrAN2p, qRT-PCR % RBFERIEE
KV EAESE T iX— S . AN2 FEBEE B S FED R
FAL AN B R MR P I RIA R 2E 7 W3, ik
Wr, AN2 FEAS[FEA R 22 ik v Be 2 a3 7
IXFHE R, I BIRAACIE T 2= 6 A 8 B 4
BRI E N 2 —. XNESBRRMCEET REYE
BRI AL BEE T n SE B R AR
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