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DEVELOPMENT OF MARKER-FREE TRANSGENIC POTATO WITH AtMYB12 GENE
BY Cre/lox SITE-SPECIFIC RECOMBINATION SYSTEM

MA Lian-jie LIU Hai-feng WANG Zhi-qiang DAI Li-li  DING Xin-hua CHU Zhao-hui

( Shandong Province Key Laboratory of Agricultural Microbiology. College of Plant Protection ,
Shandong Agriculiure University, Tai’ an, Shandong 271018)

Abstract; As a class of secondary metabolites in plants, flavonoids is good for human health when the fruits and
vegetables containing this kind of substances are often consumed. However only trace amounts of flavonoids can be
detected on current widely planted potato varieties. AtMYB12 was originally identified as a flavonoids-specifle
transcription factor in Arabidopsis thaliana , which has been confirmed to activate the flavonoids synthesis in tobacco and
tomato. In order to increase the content of flavonoids in potato, we constructed the marker-free vector pX6-patatin: ;
AtMYB12, then introduced it into the susceptible cultivar Desiree via Agrobacterium-mediated stem segment
transformation. The results showed that 28 positive transgenic potato lines were acquired, and the deletion efficiency of
NPTII in 2 marker-free lines was up to 8. 8% . The content of rutin and kaempferol rutinoside was up to 3. 091 and
0.951mg/g DW in transgenic potato tubers, respectively. It is suggested that AtMYB12 can also regulate the flavonoids
synthesis in potato.

Key words : potato; flavonoids; AtMYB12; Cre/lox recombination system; marker-free

i BHA.2011-05-18 #% HHE.2011-06-22

EEWA . FBls ik TRLIL K HARV L 11 (863 1141],2010AA10Z103)

YEE BT BEA(1982-) , 2 WAL E N B 0F A, WFRE 5 100 8 43 TR 3 . E-mail: Malianjie@ yahoo. cn

BIRES A (1977-) 58 ZRUE TN S, 202, 900 m o U E S SR EAE . E-mail : zchu@ sdau. edu. cn
TH4E (1980- ), 5B, AT v) N e H¥Z, WEEE 05 8 A S EAE, E-mail :xhding@ sdau. edu. cn



1118 % 4k

¥

25 &

K E i (flavonoids ) , X AR EEN R &), Bdx
BB, ) AE THEY T, RE I
O FEEFEH B 2 NRIEATTEFEIRM 1 SRS
I, Fie BRI 25 K AN [R) T kg B | S B ) | 4
P S o A B BRI SR W, B (0 B
TPV LA SR b A R A S RE RS T PR
H i R HS A, 35, 2 s B
A BUsE PO I S PR E S AE AR Bl T
R2R3-MYB 2555 5 [H 7 AtMYB12 i 2 8 i A= W 45 W
() RF S ST - FESULRE T rh mT ARG in 28 B i 5 2 1 AR
B0 Luo S5 IZ I R AL B, KBS T M
L2825 A o 12 HOOU BRI 17 65 3%, s A I 5
HEEILE] T 72mg/g DW,

FE LB R AR JE 8 L E A ATt AT, B B
PRI PRIC AR R e 4 E gt 2
— BRI B PR B 2R O 28 BRI A R T R DR AUE 9 A A
Mo BETTR AR I BB MR EEAHET R
gi80) | HEAL R G FEE 4L K Cre/lox, FLP/
frt f1 R/Rs RAEEN S R EEA RS ", ik
P A R G R A R T Ak S 0 AR
ELB W R T e 1] R BRI B 3 T H, H Cre/lox
RGN i 2 MR EEA A S Fr A R
85, RS T 1981 4E7E P1 MR h kB B
N T sh W 5 SE R WF 5, 1990 4, Dale 55 B UK
Cre /lox ZRGE N T 55 L PR B ST 43 F AR
SHERERA ) Zuo FE WM K T —MMb2piE SR
1) Cre /lox REGL, WRGE T, g L0 Y cre FEIAE
W RS S T 3R B 2 A loxp 1V A5 22 B Y X [E] 4,
FE TR IC I EE 43 B 59 V)45, ITT 35 B 2 B) NPT 11
FEEEMM . HET RS 2 R H TR
T T Z R M CE B AR iE AP R E

DR EEMNREEYZ—  J8 Tk, R
AR 87 FH 2 A8 75 b 149 7 125 00 Bt o 2 R e T s
Wi h Z b S WS RARE AR N T ik
— 05T AMYB12 5E IR ) D) fig DL e M RS S
Cre/Tox ZRGUTE h 4% v (i 157 FH AR 50, A= 32056 A1) 4%
FEPR H A K # Y G 2 $ bR A0 2K pX6-patatin ;
AtMYB12 % N3 82 38 K I NPT 1T PR 5] B 3%
AR [ s 4 e R 6,335 (HPLC) 7 T, A 4% 2
PR B R 0 & 5, S AMYB12 ik PTT
A B S B AR AL AT HO A, DA R 12 38 TR 7 i 4
SR R R A BV T, S ) 3 TR P el AR
Hr S S AR R — AP Y LS AR

1Bk

1.1 #F

AT R AGLL AR FF R DHS o A SL %
TRAF . TEEPERIC R GEXOTRIBHAK pX6-GFP, i 4E
TRl R E SR AR R T L B B R ) T
Desiree Bt #5180 BT 1 LU ZR AR 5% g v 3 B 0
A

L S AL R R . MO: 1 x MS, 0.2mg/L
NAA, 0. 02mg/L GA,, 2. 5mg/L zeatin riboside, 20g/L
WM, 8e/L BifEH) ,pHS. 7 ~5.8;M1: MO + 500mg/L
cefotaxime ,pHS5. 7 ~5.8; M2, 1 xMS, 0.02mg/L. NAA,
0.02mg/I. GA,, 2mg/L zeatin riboside, 500mg/L
cefotaxime , 50mg/L kanamycin,20g/L FERE 8g/L iR
A3, pH5.7 ~5.8; MR: 1 x MS, 500mg/L cefotaxime,
50mg/L kanamycin, 20g/L 0%, 8¢/L BifigHy,pH 5.7
~5.8,

1.2 1E4%) DNA RNA HJ$2EX

R H P B 4 5 i DNA 42 HOCR ] CTAB
U B0, Sg e ATRNIMIAE I T, L 300l DNA $
B 2% b W ( SOmmol/L Tris-HCL, 25mmol/L. EDTA,
300mmol/L NaCl,1% SDS) W% , I A AT R )
DR R CBEUUHE , e A AT S0l TE 3 T
JG 82 PCR 8} - 20°C & HHAAF

TEP A 20 RNA 142 HUCR ) TRI reagent ( Sigma,
SN L F G G U B A . R ASFEEY 100mg
LRI BT B 47 B, BRI RNA 5 f# 7 50 JC RNase
FETKT, -80CIRAFEH
1.3 PCR ¥ #5#0 RT-PCR ¥ 1%

FARF T I Patatin J7 317 AtMYB12 FE R Y
PR A E PCR, 7518 Phusion #{f H. DNA R4
BiE(FINNZYMES, 75 %) ##AF48 S 347, 50ul PCR X
F_\iﬁ&%(@}%ﬁfﬁ@é‘ 1 x Phusion HF buffer,200 wmol/L
dNTP, 0.5pmol/L Primer each, 0.02U/pl Phusion
DNA Polymerase, 2ng/pl DNA) £ ABI9700 %! PCR %
S 25y :98C TR 1min; 98°C LT 10s,58C
Bk 10s, 72°C FEfi 1min, 35 46 B ; 72°C & 4E fifi
10min, B4 I A4 b P2 K 1% 200 BT BH P G 00 A A
PRIREL R FT P A 0 341 5% FH 6 B PCR, 107 >R H] TaKaRa
1Taq DNA Polymerase, 20l PCR W R &R (LW 4L
% 1 x PCR buffer,50umol/L dNTP, 0. 2umol/L Primer
each, 0.05U/pl rTaqg DNA Polymerase, 2ng/wl DNA)
N 5 A7 : 94°C T 7L P 3min; 94°C 28 30s,58°C iR
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K 30s,72°C ZEM 1min, 35 MG ;72°C K FEH 10min,
g b B 5175 Kt 1,

PURG I+ AtMYB12 JE R 47 3% R FH P 20 3% RT-
PCR, %5 1 % ¢cDNA 5 B>k H Prime Script RT reagent
Kit with gDNA Eraser i & ( TaKaRa, Ki% ) , #% i ]

FHfE, DR —HEA UM cDNA 1E M5 — 2 PCR
PR, FIH S 4 AIMYB12F1 #1 AMYBI2R1 %}
Si—4% cDNA MEAT 2L PCR 973 | 5207 1R 2 Fn 414
UM SBN

=1 KB ERNSY

Table 1  Primers used in this study
519 A 2]l PEA A BELI (0L 5
primer gene sequence enzyme digestion site
AtMYB12F2 AtMYB12 57 -ATGGAATTCACTTTTGTGGTCAGTGGAATA-3’ Eco R1
AtMYBI12R2 AtMYB12 57 -ATGCTCGAGAACGGATCAATCAATATCAT-3’ Xho 1
AtMYBI12F1 AtMYB12 57 -ACTTTTGTGGTCAGTGGAATA-3’ —
AtMYBI2R1 AtMYB12 5’ -AACGGATCAATCAATATCAT-3” —
Patatin PRO F4 patatin 57 -ATGACTAGTGTTCAGTAATTGACCGGAGAC-3’ Spe 1
Patatin PRO R4 patatin 57 -ATGGAATTCAATTTTGTTGGTGCTTTGAG-3”’ Eco RI
NPT II F NPT 11 57 -AGCCAACAACGCTATGTCCTGAT-3” —
NPT II R NPT 11 5’ -TGAATGAACTGCAGGACGAG-3’ —

1.4 RikFEaE

% M RT-PCR 4% K #| Hl 5] ¥ AtMYB12F1/
AtMYBI2R1 MR FT Col-0 Hi B4 AsMYB12 JE£[H |
WL TERE I PCR 74 se B 4T 280 7 S04k 5 Col-0
FERA P00 L AT 28 48 | T e 2 48 4 4 e 5 )
AtMYB12 By BE AR, DL o B O B AR, AtMYBI12F2/
AMYBI2R2 5| #1414 PCR "3 J5 P24 4 Xhol HI
EcoR1 XU V1], % #% 3| pBlueScript SK I ( + ) -Xhol-
EcoRlI-cut ik I TP iU I 204K pBS-AtMYB12, DL 5
B E 4 5 DNA N B A, F] ] patatinPROF4/
patatinPROR4 259" 14 tH T 44 % Patatin F& K )5 ) T
A FEE4T Spe 1 Fl Eco RI XU YIALFR , I 3% F2 A Spe

1 A1 Eco RI XU Ab B A9 3k 9% 2k K pBS-AtMYB12 , 4=
BTG A ZK R pBS-patatin: ; AAMYB12 , 58 i 42 )T %)
OPMTRNERIE . 1 — A R FH WL VDR 3% 22 SR s, 3 5
Xho 11 Spe T RURGUIR: b A 3o 8 2544 v 2 2 58 B i)
Patatin: : AtMYB12 J7 Bt B AR W) I8 84K pX6-GFP
Xho 1 ~ Spe 1 X [H] i - B, 50 Bl 2R A4 A8 2 3w 44
pX6-patatin: : AMYB12 (& 1-A) | 244 2 BURED] 46 11E 40
B 1-B Fi7R . R b (0 2 M TR 38 5 i 2 b2 AR FT
W AGLL, T 58 B WL k.,
1.5 SHENBEAEL

DRI BG AR FH D B B A &R
%7 Steve Millam FJ775"" , d#EK 21 ~28d fith:

M I 2 3
- 00
G10-90 XVE KAN OlexA-46  Cre  Xho | EcoRl Spe | ? bp —
RB bl = Tl im LB 300 bp —»
Laxp LoxP Patatin: AtMYB12 200 bp —
B-Estradiol i 5
G10-90
RSN
-—

Loxp  Patatin: AtMYB12

P Ay s 2 P 0 e 2 O D) S8

Fig. 1

Schematic diagram of the vector construction and characterization of the recombination plasmid

A HPFIREA pX6-patatin; : AAMYB12 T-DNA #5378 =K Fl B-Estradiol /55 DNA S5 1754 ;B B4R pX6-patatin;
AtMYB12 Xho 1 /Spe 1 XUEFY] ;M : Trans2K™ Plus 1T DNA #3ifE; 1 ~3: 48 Xho 1/Spe 1 B (4 B 41 ok
A schematic diagram of the T-DNA region of the vector pX6-patatin: : AtMYB12 and putative products of the B-estradiol-induced DNA

recombination ; B: identification of the recombination plasmid pX6-patatin: ; AtMYB12 digested by Xho 1/Spe 1;
M: Trans2K™ Plus IT DNA marker; 1 ~3: recombination plasmid digested by Xho 1/Spe 1
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1Y 25 2 Desiree %%ﬁ, BT ZE B (K
0.5cm) ; 7E ODg, {4 0. 8 By LA H B I7 iR Wiz
Yo 20min &, R0 K R AR L, W T Y B
W, AJERE SRR IR AL MO |, F 18°C MG A S5 5% 345
HREFRZEB AT ) M1 B 55 35 BT N T A
21°C £1°C \16h/d  JEHR R B 20001x 454 F #4781
WAL, 12d JEE BRI LB RIFRZEE, A M2
IR IR LA T BB 5% UG B 14d $5482 1 18
EERRBS 3 A A LSV B K AR 2 fR AR
KB 2 2em &0, 585 8 & RID & 2 F k18 &R
(Cef) PAARBEFRIE MR LT A MR I 8 5 AR R At J5
BRREKE AR, P ERERERK R 21 ~
28d, V] HL 0.5 ~ 1.0em B9 25 B¢ B % i 75 M1
( & 3umol/L B-estradiol ) AR IR g SR ,12d
JE i 3 M2 (7 3umol/L B-estradiol , /NIl kanamycin ) 3
PEPERGFRILNG AR B9 14d B8 1 OB SRIE H BB
ZE R H] 2em KB, U) T % 21 248 MR 85 35 A AR I
PHTIRE RS,
1.6 EEMZINF HPLC iElE

FRBOER Y S5 B | FE R4 Y Lem BY/NER,
0¥ % T 4 #lL ( EYELA FDU-1100, TOKOYO
RIKAKIAI CO. LTD) & T 5 Wk K. DL&E mg
TR AR T 30u] 70% B0 LE 0 % f O, BT
20°C 3h #EAT 2R B 42, 42 UK 248 1600g 250 )5 H
0. 45wm JEAR IS U8 I W, B 20l 3 U8 WO T HPLC
3BT, HE B Luo 25178 HPLC 404, R 5 J % T 0
W23 By 2= A5 7 (43 %W B Sigma Al Extrasynthese 2
Al) o

2 R0
2.1 HEFEKRBEMERNSIRCEERSIR

FIHIAAT A T 52 4L 52 % Desiree, HUR UL H)
EREAOHARE S RE AR Td EARIBTAEA

M 1 2 3 4 5 6

1429 bp —=
925 bp —=

& 2

7

HE G, 12d J5 i ARPEER R B SR, @
it if i 1 AR g, T @ A giA K 28 ~
35d Ji BB B2F s df /NG . /NS B 2em 2
A ) R R A AR SR L E TR IR AR K A
Ji , B ROIRES 5 A 5 2 DR RS AR TG I 8 22 5 9 1 A A
PRI 0 0ty 25 BE |, FEHT e 1) 6 1 A AR s 7 3k I i B A
N, HIRIHEE pX6-patatin; ; AtMYB12 R (1) P A Al A
(T, 10)35 #k. ¥4 35 BRAEER 7 $2HL DNA 17 PCR
R, S5HRILAG 28 FRYTHT I TR R 1178bp 1Y
AtMYB12 BER S0 e B, UERH H B9 3 R 2 TR A
S| LA B Desiree (& 2) , FHPERIEF] 70% ( FHPEAE
MR/ HRN BN 28/41)

#£ PCR Kl BHPE A AR R h BEAILBE £ T, 13 2 8k
F (G50 117 F129) 47 B-ME —REs T, bk R 01k
W24 50 BRTEHEAT B PCR, MBI 2R R ehRic NPT
1E AE e 102 BRI 2 RO AERE T, R 31
NPT IT 3K 2575 1 Marker-free 200 9 £, £
2 B-ME RES TS IR IR R R AE AL ROR IR B
T 8.8% A (KI3) ., SR UM A SRS 3
B cre/lox A RS AE D E 1S3 TAREFAIN H .
2.2 BHEFRADHREHRZNEEMS=N

DA R ARG , 2 1] Luo 4517 F | HPLC
TN AtMYB12 %% 5 DR 3 7t S 5 v 28 S T 14 Oy v, X
i B R RN R L K Lh 48 2 Desiree HZEFEAT TR
ER R AAMYB12 3E R Y Desiree 2 2 TRy
S 0.051 ~3.091mg/g DW A& (£ 2) , 1 xf 7
BB T (F4,%2), FABEHEY 31. 095min
Y BT D oAl A By 25 &, & A # 0.041 ~
0.951mg/g DW, 545 AMYB12 5 [H 3 i A 6] 1) 2
B AMYB12 BRI B B H Ao 2 Mol it A il B
PR 4) MR S S RS R R
AtMYB12 JEH7E 8 S h g R SRS 5 548
ISR A R TR

8 9 10 11 12 13 14 N P

FESL R FERR TR H AL AtMYB12 |1 PCR 61

Fig. 2 PCR analysis of the AtMYB12 gene in transgenic plants
M. DNA marker( A-EcoRT14 1 digest) ;1 ~ 14 %% AtMYB12 BEPRURERE ;N BAPEXT BE ;P FHHEXT B8 ( BokE pX6-patatin; : AtMYB12)
M: DNA marker( A-EcoRT14 1 digest) ; lanel ~ 14 . transgenic potato plants with AzMYB12; N. negtive control;
P positive control ( pX6-patatin; AtMYB12)
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M 12 3 4 5 6 7 8§ 9 10 11 12 13 14 N Pl

2000 bp =™
1000 bp —=

M 1 2 3 4 5 P2 N6 T 8 9 10 11 12 13 14

500bp —=
3 IS S B e AR A P AR AR PCR AGH
Fig. 3 PCR analysis of part transgenic plants induced by B-estradiol
A AtMYB12 JE[H B PCR 9714, B, NPTIT 3£ [H () PCR ¥"3#% ; M. DL 2000 DNA marker; 1 ~ 14 ; 784> HE
T ST 0 TS B 1 N B X IR ( Desiree) s P1; BAPEXS I ( pX6-patatin; : AtMYB12 JFkL)
P2 B IR (%5 pX6-patatin; ; AMYB12 F£H B4 5
A:PCR amplification of AtMYB12; B: PCR amplification of AtMYB12; M. DL 2000 DNA marker; lanel
~ 14 transgenic potatoes with pX6-patatin;; AtMYB12 induced by B-estradiol; N: negtive control
(Desiree ) ;P1 ; positive control ( plasmid of pX6-patatin: ; AtMYB12) ; P2. positive control ( transgenic

potatoes with pX6-patatin ; ; AtMYB12)

0.4
03 AR SR
- transgenic
4 ptoato
0.1 A B C D
0] | P | -
10 20 30 40 50
Fef fA]time (min)
P4 FEEIN BB 2 2 v S B 5 fAG
Fig. 4 Flavonoids content analysis
of transgenic potato tubers
A }ﬂ B:%Jﬁ*%%;C:JHT; DIJJZ??%E{FT?
A and B: compounds are not identified;
C: rutin; D: kaempferol rutinoside
3 ihe

Bk T A R o A A AR G AN, B |
P BT S LA B TR S 7 Th A S R A i Rh T
e 5 & B AR S AR . Lewis %532 ] HPLC %
Xt 26 FA (6 IhAS R 8 SR A BRZE AE v 32
FALE Y& BT T 455 N v 2
FRAE ,I5E] 1000 ~3000pmg/g; K M, 2 500 ~
200/ g; 2L A, K 200 ~400pg /g, HEZE P
1A 0 ~30pg/g, He25 iy 25 38 R Fh 2 35 20 0 ¥ e
Wi Al R R LRRR AR ILAS R, eH UL A
B F R4 B 5 B AR B2 R A e

®2 REFADREPAT ILUEBEZEENEE
Table 2 Content of rutin and kaempferol

rutinoside in potato transgenic lines

PCR 1 T iz A I
==} =)
Hahd PCR detection rutin kaempferol
sample No. rutinoside
Neri amygrz (MDD (mg/g DW)

85 + + 0. 138 0.092
111 + + 0.072 0. 078
63 + + 0. 051 0. 046

2 + + 0. 639 0.281

23 + + 0.253 0.076
69 + + 2.933 0.937
137 + + 0. 093 0.041

29 + + 3.091 0.951

20 + + 0.470 0.244
127 + + 0. 248 0. 064
117 + + 0.901 0.281
230 + + 0. 860 0.110
132 + + 0. 086 0. 099

6 - - ND ND

Desiree - — ND ND

T+ :PCR AN BHYE ; — (PCR G W BPE s ND : ARAGIN B 55 it
Note: + :positive by PCR; — :negative by PCR;ND: undetected.

AWFFEHE AAMYB12 JEP B8 B2 5 Bl Desiree $R2E
(B0FE B FIIA ) v T (M R = 1) & = AL 2
RIS EEEAE T 3.091 F10.937mg/g
DW , ifii A [7] 25 1 °F % BR Desiree 325 v 461 3] 3% 2
PR, X —WFE 4505 AMYB12 FE4L R I M = A
oot h F ik FECE I EE KRR IEA —3, 7F Luo 5§
T 7 4R B RS A AT AR BT ADMYB12 5
BIARE A IR AR 22 A Bl ) 223k BT 8, 1 I 3E i A
AtMYB12 JE PR A] LR 4 T 48 S v S B 1) 45 B

AR BB SRR b [ T AR, (H A B g 45 2R
F, HHE I I T REAA AR Z 4b (& 4)
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Luo 257 FE T it b B3R 56 % A, AdMYB12 A8 904 5
A 3+ E8 LR T Al LA RIS B R E 72mg/ ¢
DW (R B BKF, (HARIFGE KB, e R o T
AL & AL AE L B 3 M Img/g DW 2247 17K
L BEEMRT R A RAE, 2= 5 A AE T
REF P T THI R R P . — 7 1T, S48 2 Desiree W12
BER T S AR TG IR B AP 3 — 7 T, DA h e i
AR T e AN R, A i8e HPLC 458 s, bR
THTHNIEBZEFT & BRI, 04 2 Fik 2%
SERYIET A R BCIEL4) e = vl s A A=,
WAL R T T AL S By A, AR MX 2 Fhy
JRAERE AMYB12 LB AR I AL Ak A
P

TEAEHT AT, Wilmer 5541 H #55 F:/9 Cre/lox
HHRG , EDEE RIS T2 4. 7% 1 marker 5[4
ERRRRP , A58 A1) FH ME — B35 519 Cre/lox E
R Gl T4 B marker JEPH LR AR AT T
8.8% . (AR FL A & (a1 45 DLEUA [R], DNA 4 A7
AR T 5 i DRt 2 7 5 ) ) A [ e B TR 2R 1) ) 25
ROR B — A E marker 3R £ RBCRIA 75 XA
KRR TE— 2 A

AHBFFEUESE AN IR AMYB12 JE [F e 45 T 4% 2 vh
FHETIEY A Mg R, FECS B EY P T ANl 2
T 22 5 7 R R R B R R N, 43l 38 31 B =5 3. 091 Al
0.937mg/g DW , XA F| Filk — L HE & SR 1 5
BREESNFR . I B-estradiol 16215 1) Cre/ lox R4
IIERAS T marker-free FRAE B8 00 | bR 3L A A9 25
BrihF] 8. 8%
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