HIIEAL FEIR2A4] 2019, 20 (6 ): 1523-1534
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20190506005

Fapbd Lb14-3-3¢ H DAyl S e AL Ly e B 5L

oA WL ARE i &0, EBE L ORI R D et e &
(VT ERAA AR EBE / VGRS B IR AR S R A TS SR A 1] 7500215 7 TEOR: / T RSB ORI T
BRE S S AR 1] 7500215 FESRGRRHIFT, AR 750002; * F MO KA Y S IREE 2EBE , B AT 210037 )

WE: £, 1433 RO A RRZ T LA T2 RAMER, AREEA AR PCR(RT-PCR) # K, A
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Clone and Transformation into Potato ( Solanum tuberosum )

of Lb14-3-3¢ Gene from Wolfberry ( Lycium barbarum )
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Abstract: In flowering plants, 14-3-3 protein plays an important regulatory role in plant growth and
development.In this experiment, a 14-3-3 protein family gene Lb/4-3-3c was cloned from the anther of Ningqi
No.I by reverse transcription PCR ( RT-PCR ) .The expression characteristics of Lb/4-3-3c¢ gene in different stages
of anther development were analyzed by real-time PCR.Plant gene construction Lb/4-3-3¢ overexpression vector
pCambial305.1-35s-Lb14-3-3¢c ( + ) expression vector and the plant inhibition pCambial305.1-35s-Lb14-3-3c¢
(- ).The over-expression vector was transformed into the young stem of potato Zihuabai by mediated method,
and a positive transgenic potato plant was obtained.Bioinformatics analysis showed that the protein encoded by
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Lb14-3-3c gene is on the same branch of tomato as the phylogenetic tree, and has the closest relationship.Real-
time PCR analysis showed that the gene was expressed in all organs of the sputum, and the expression was highest
in the stamens.It is expressed in all stages of anther development and has the highest expression during microspore
mother cell. The exogenous gene Lb14-3-3c was successfully loaded into the plant expression vector containing
the strong promoter CaMV35s, and the plant overexpression vector of the gene was transformed into potato.
Five transgenic plants were identified by phenotypic observation and PCR positive identification.The growth rate
of transgenic plants was better than that of wild-type plants.The content of wild-type and transgenic starch in
seedling stage was similar.The starch content of transgenic potato in potato and mature stage was higher than that
in wild type.This study provides a reference for the further study of Lb/4-3-3c gene regulation of starch supply
during the development of anthers, and provides a demonstration of the function of Lb14-3-3c gene during plant
development and molecular genetic improvement.

Key words: Lycium barbarum L.; Lb14-3-3 protein; gene cloning; transgenic; potato; starch content

T E A iRk, A& , BHL T 44 : Solanaceae,
FhHLT 44« Lycium barbarum L. ) &3 FEUL G i) 4 5
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PCR FHMESE AT 3 5 PR IL M IR, & BURE BE R HE
PRAS L T 57 A= RO AR, B 40 A 0 5 e B A R
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JA R R AC A6 25 L 7 B SR T R R L
¥R, R AR ) 5 RNA £ U & (b a3 |
EYHARARA A ) $EIAEZ S RNA, PRGN B2
HRHR) & U B A5 64T, DT TR Tl 20 06 BE 11
FE RNA W [ 46, F Takara 23 7] PrimeScript' ™
RT Master Mix U sl &5 i cDNA 55—, 3%
MEVETUKE LT, B 1 RNA B, Gtk &
IR : RNA 1~2 pg. 5 x PrimeScript "'RT Master Mix
2 uL, A ddH,O L EAFRN 10 L, PCR AR
H4:85 °C 30s,4 CLRAF, cDNA H A BT -20 C
.

FIHH Primer5.1 A B 51 9, 51917 510 0
Lb14-3-3c-F: atggcgtctccacgegagga; Lb14-3-3¢-R:
ttcattattatctggttte . A T A YA PR wl & 51
Yro LA =20 C 5% F7 B 4 AL AE 25 cDNA Sy 45 Al
1T PCR Y " ##4, KW AK & S 25 pL 2 x Master Mix .
2 uL L5 9 (5193 BE SR 10 pmol/L ), 2 uL T
W5 4 (51 %) He BE R 10 pmol/L ). 2 uL cDNA
19 uL ddH,0, ¥ 3% 2% 5 : 94 C 7l 22 ¥ 3 min;

94 °C 7% £ 1 min, 48 °C iR X 1 min, 72 °C i fif
1 min, 35 /MEH; 72 °C 10 min, P~ 2 V1L R
4% % pGEM-T Easy #i{A ( Takara ), BHH: Bk B
A T A TR AR
1.3 EMEEFESH

F] FH BioXM2.6 %% 1, NCBI-BlastP & ExPASy
(http: //www.expasy.org ) 7EZ& B AF 73 B T 25 11 it
BEARAE T, ] SOPMA #4473 #r 2 1 JoT — R &5 449,
SWISS-MODEL 7£ 4% 1 /1 i A7 = g 45+ 1, H
DNAMANS #k 4 Xt Lb14-3-3¢ J& PH 2 1 1) 2 1 itk
T2 750 EE, -l MEGAS. 1 8501 (1) 408 122 5 #g i it
TR
14 BZERESH

F1) 1 Primer 5.1 % % 11 #0 Ad Lb14-3-3¢ ¢ Ot
#E 1 PCR [ T ¥ 51 % ( Lb14-3-3¢-F : tecgaactaaccgteg
aaga; Lb14-3-3c-R: tgatgccacgtgttettcat ), LA ) £ 2 J
BRI IR IEA Actin N2, K5 1915 512 : Lbactin-
F: gaccttcaatgttcccgetatg , Lbactin-R: gccatcace
agagtecaacac, T SEI9EOLE it PCR. WA G
BT EAE I R St 22, IR 2722 ¢ ik
OIMTARNT Sk i AR A 3K
15 HEMREHERIEE

LI TE B B9 Lb14-3-3¢c-pGEM-T Easy Vector
UKL g AR, HE AT PCR 44, S 44 2 1 G AR
A 50 uL, £ 4% 25 pL 2 x Master Mix . 2 pL | JiF 5|
Yy (51 ¥pHe A 10 pmol/L ), 2 uL FIE519 (5149
We B #7110 pmol/L ). 2 uL ¢cDNA #1 19 uL ddH,O.
Pya 2R . 94 CTIAEE 3 min; 94 CZAEME 1 min,
48 “CiR K 1 min, 72 CHEff 1 min, 35 MEER; 72 °C
10 min, ik a1l H /9 7 Bt i% 43 pMD18-T Vector
ALK IAT B DHS o, 3345 T35 4 50 mg/mL &
Ha RN b AR, PRI v R, LUBE A 4
KoY T s ke PCR BHPESEE

DASE e 235 R Ry PR %) o 20 B0 me A S AN, SR ]
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HH T4 3% £ B i " % % Lb14-3-3¢-pMDI8-T H
4 4R F A W) 3% 3K 2K 4K pCambial305.1-35s., J
1] Lb14-3-3c-pMD18-T i 21 £ 14 FI A 4 2% 1k 4k
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A = 20 %

pCambial305.1-35 s, 73 5liEAL KA DHS a o ¥R
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W 5 20 PR e ARV ARFF I GV3101 Hr, PCR Al
AT PAPE FERE .
1.6 RIFENSEHELDSRE

PEHL 4~5 JE A KRB B 47 19 H 4% 22 ( Solanum
tuberosum L. ) 346 FH JC T Wi, 7 0 & F T, 57
ISR B BT MS TR SRR AR I, 5 4kt
HE A T R3R 2 d I Bt ek sk
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W B IR B AMEL AR TG R K sk e 4R T, 56 R 5
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I, B I R AAAR G 1) Hh 48 2K B0 R
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tetggtttg-3' S bR UF 19, R i R 5 R AL # RE 50
% 5 #6477 PCR BHPE S22 . PCR KW AR & A SRR
A 25 UL, & A 2 xMaster Mix 125 uL, . FiF51 9
(10 pmol/L ) #% 1 pL, DNA A4 1 uL il dd H,0 9.5 pL.
PSR 94 CHIASME 3 min, 94 CZEYE 1 min, 50 °C
1Bk 1 min, 72 *CHE{# 1 min, 72 °C 10 min , 35 MG
1.8 HEFDGRFEMIENE

F P AR AR , RG0Sy B A i R T 4 2 4
Bim 5 AR AR MR AR SRR 3R o BRI (25 d ).
2 (35 d) ARG (60 d ) A H-, I S A 25
B R DA TR] A 30 1 B A R T 44 S X R 3G
WHE 3 WEL ., SRR FIE & ui i
BilF7,

2 ZEREHSWH

2.1 Lbl4-3-3c EFEH=E
PUTAC 1S M AT AE 25 B 7 > I 30 (e 28 D it

EF I 8 A 20 R 3 /AR A s 0 | 3 A s
AR B AR B R R AR )
VR & cDNA 4, 5K F RT-PCR J5 i, 47 &5 5|
Lb14-3-3 H AR R B, v 44k Lb14-3-3¢, B4 I
#4%%] pGEM-T Easy # /&It LR FF 1 DHSa,
W BE I R A AT I, DY R B R B
777bp (Kl 1),

1000 bp ——

750 bp 777 bp

M: DNA 434 DL2000; 1: PCR =4
M: DNA Marker DL2000, 1: PCR products
B 1 Lbi4-3-3¢ EEH PCR ¥ 18
Fig.1 The PCR fragment of Lb14-3-3¢

2.2 Lbl14-3-3¢ EHHEMEEFES

2.2.1 Lbl14-3-3c EERBUMRMEHETN M
BioXM2.6 #xA4-5H1 26 , Lb14-3-3¢ K:[Hff) ORF 4>
KK 777 bp, AT 4t 260 2R . ExPASy i
W, Lb14-3-3¢ A% S 73T 50 64.14 kD,
AL M 4.95, H TS5 R 175 4 o- BRE
44~ B- % ff 62 A~ TC KL 4 M 240 B, A AE £k
B {F SWISS-MODEL il iil] Lb14-3-3¢ % 1 1) — ¢
SN, ARAG T o BBUGE ARG B G X AR = Ak 25
(E2),

B2 FNA Lb14-3-3c EA=REN
Fig.2 The predicted tertiary structure of Lb14-3-3¢ protein

2.2.2 Lbl14-3-3c EEWEIRFFIEEXT  JH Lb14-3-
3¢ IR gmtit 5 2 LR 7 51 {5 BE NCBI ( blast.nebi.
nim.nih.gov ) £45 J5 H BlastP, & By 51 5 B 44
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( Solanum tuberosum L., BAV67085.1 ). % ( Solanum
Iycopersicum L., NP_001234097.1 ) J&42 4 ( Petunia *
hybrida hort.ex E.Vilm., AGJ98234.1 ) 5l ( Capsicum
annuum L., XP_016550580.1 ), £L & 4 * ( Nicotiana
tabacum L.,NP_001312922.1 ). Z24-1E ( [pomoea nil (L. )
Roth, XP_019172389.1 ) &4 0 A ALLEE 43 31 A 96%
96% .95% . 95% .95% 94% .93% , SiWINE ( Coffea arabica
L.,XP 027078282.1 ) AU HHL ( Capsicum annuum var.

NN A SIIR EENVYMAKLAEQAERYEEMYV
Solanum lycopersicum YUY ¢ LSNBNAAEVIN S :RYEEMYV
Nicotiana tabacum MASIIREENVYMAKL A :RYEEMYV
Lycium barbarum L.
Petunia x hybrida
Capsicum annuum
Ipomoea nil
Consensus
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Solanum lycopersicum FREER SRR EA RS

Nicotiana tabacum EQKEESRGNE MAs1|qeyrRskI1EELTS
Lycium barbarum L. HESX S SRIS Y /s 1 [8E Y

Petunia x hybrida STEQKEESRGNE EYRSKIERELTS
Capsicum annuum STEQKEESRGNE S K

Ipomoea nil S I EQKEESRGNE

Consensus

Solanum tuberosum
N TT e 2ze3 e/l L DTLGEESYKDSTL IMQRDNLTLWT
Nicotianatabacum ELDTLGEE YKDSTLIMQEMRDNLTLWT
Lycium barbarum L.  [RUESNcRe
Petunia x hybrida
Capsicum annuum
Ipomoea nil
Consensus
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ELTS
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ELTS
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ELTS
ELT S

RSKIERELT S

YKDSTL IMQ RDT\'[.T[.\\'TDMQDDG

eldtlgeesykdstlimqlrdnltlwtsquddgtdeikeaap.kpdnne-

conoides ( Mill. ) Irish, XP_016572083.1 ), K. ( Glycine
max (L. ) Merr.,NP_001340970.1 ). Z bk ( Sesamum indicum
L., XP_011097537.1 ). B 15 ( Medicago truncatula Gaerth.
AFK34151.1 ). = & ( Lactuca sativa L., XP_023735473.1 ),
Ik (Juglans regia L., XP_018806495.1 ) 25 HoAth 4y
Tl 2 B2 17 91 AH UE 7E 86% VA L, W SEfE 1)
Lb14-3-3¢ FEIH J& T 14-3-3 ARG, Ha
R HAT DR (81 3),

BT VEERNLLS KNV I G/ /R 1
BT VEERNLL KNV I G/ /R I

BRIRVAHAHRRENE 9815 / 5 A ASWRI
GARRASWRI

LKLLDSKLIG
LI LD S ICIL
LKLLDSKL
LKL L D) S IC L,
IR RIS ISR
ILKLLDSKL
LKLLDSKL

GDSKYV
GDSKVF
GDSKYV
GDSKV

LKMKGDYHRYL /
LKMKGDYHRY
LKMKGDYHRYL /
LKMKGDYHRY
GDSKV LKMKGDYHRY
GDSKVFYLKMKGDYHRY
GEVARMNIGD SKVFYLKMKGDYHRYL AE

saatgdskvfylkmkgdyhry

1
I
I
I
1
1

LKL L D) S I L
LKLLDSKL
L IKIL L D) S ICIL
LI L D) S I L
LKLLDSKL
LKLLDSKL
ILKLLDSKL

GDSKV
GDSKYV
GDSKV
GDSKVF
GDSKYV
GDSKYV

LKMKGDYHRY
LKMKGDYHRYL /
LKMKGDYHRY
LKMKGDYHRY
LKMKGDYHRYL /
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DMQDDG I NE
DMQDDG I NE
DMQDDG I . EQ
I K < NE
DMQDDG I E .
DMQDDG I Bl .
DMQDDGENDE I g

Solanum tuberosum L.: 4% BAV67085.1, Solanum lycopersicum L.: i NP_001234097.1, Nicotiana tabacum L.: ZLAEHHFE NP_001312922.1,
Lycium barbarum L.: ¥if\, Petuniaxhybrida hort.ex E.Vilm. : 55424 AGJ98234.1, Capsicum annuum L.: FFHH XP_016550580.1,
Ipomoea nil (L. ) Roth: Z24:-1 XP_019172389.1
Solanum tuberosum L. : potato BAV67085.1, Solanum lycopersicum L. : tomato NP_001234097.1, Nicotiana tabacum L.: safflower tobacco
NP_001312922.1, Lycium barbarum L.: wolfberry , Petunia xhybrida Hort.ex E.Vilm. : petunia AGJ98234.1, Capsicum
annuum L.: Sweet Pepper XP_016550580.1, Ipomoea nil ( L. ) Roth: Morning Glory XP_019172389.1
3 14-3-3 EAMIZFIIELYS
Fig.3 Sequence alignment of Lb14-3-3c protein with other known 14-3-3 proteins

223 Lbl4-33c ZERAMARGHML ST N Tt
— A B 5% M AL Lb14-3-3¢ £ 1 A1 Al 4 Fib 14-3-3
FAE IR OCR R MEGAS. 1 8 # T 4045
FIFC Lb14-3-3¢ S HABAEY) 14-3-3 EHHII R G AL
B CEL4), ARERX LAY 14-3-3 2R 13550 B
T B KRBEBIFRLAENHEL ( Nicotiana tabacum L.,
NP _001312922.1 ). % 4+ £ (Ipomoea nil (L. ) Roth,
XP 019172389.1 ) Bf A= I LA ( Solanum chacoense
Bitter, AAS78777.1 ). FEALMHEL ( Nicotiana sylvestris
Speg., XP_009786458.1 ) J#&7E 2} ( Petunia<hybrida Hort.
ex E. Vilm., AGJ98234.1 )., 3K #{ ( Capsicum annuum L.,

XP 016550580.1 ) Mt ( Lycium barbarum L. ), H54 5
( Solanum tuberosum L.,BAV67085.1 ). &t ( Lycopersicon
esculentum Mill., NP_001234097.1 ), % — RIE{uHE
HRimME ( Coffea canephora Pierre ex A Froehner, CDP
01506.1 ). % 4= M #i ( Olea europaea L .var. Coratina,
XP_022855003.1 ) M4 AE ( Erythranthe guttata ( DC. )
G. L. Nesom, XP_012840822.1) 5548 XU A ( Handroanthus
impetiginosus ( Mart.ex DC. ) Mattos,PIN12914.1 ),
Z IR ( Sesamum indicum L., XP_011097537.1 ), ¥kt 5
LT T TRk b R EAT T EA e
HIPEG KR X 527 O 791 — eSS 2L
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B4 Lbl4-3-3c EHRGEHUH T
Fig.4 Phylogenetic analysis of Lb14-3-3c protein sequences

2.3 LbI4-3-3¢c EFEMET = RiXFFE

PIMIAC Actin BRI Ry 8 2, 38 33 2 6 it PCR
AT, T Lb14-3-3¢ FEPTER AL 45 i B Hh i sk
SR 28 F KRR, KPR Lb14-3-3¢ FENAEMIAL A
[ B A R, HRAEAEN B2 i
SRS e, JLUCH G 7EAR 2R o AR AL
S HESE ACIRFIAEEE R A Fak I (& 5 ),

N
W
(=3
(=3
(=}

20000
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50001

AN} ik & Relative expression

5 Lbl4-3-3c EEEMRRARREPHRIX
Fig.5 The transcriptional level of Lb14-3-3c¢ in different
organs of wolfberry

[FE, S0 8 T Lb14-3-3c BN BEE L2y % B it i
[ FRRE, 25 & B, EMACAEZG AN TR & B s,
Lb14-3-3c FEHERAT FR3h, A6/ M REAN R Ze
iera B SR R i O RN U B N
FRAZAC R AR AR 22 AN I i, IR/ M LT
REARAAI . SRR I8 AR (& 6 ),
24 HEYEAREBENEE
24.1 TREFESMEREIREEZFRHEE
LA Lb14-3-3¢c B Gk AR, >k M13 E R i3]

WASE 55 A B BED AR 45 A, 0 B 4 B v B A b AT %
B2 07 180 149 0 B, %7 LA M13-F/M13-R . M13-R/Lb14-
3-3c-R Fil M13-R/Lb14-3-3¢c-R & 5| ¥, PCR 4% #
J B L M13-F/Lb14-3-3c-R 2N 5| ¥, PCR 4%
S, EcoR 1 S 5 21 0k, 75 31— 4% 500 bp
R S A5 U H B R B IE R (B 7). 4
M13-F/M13-R . M13-R/Lb14-3-3¢c-R 1 M13-F/Lb14-
3-3c-R PCR & BH¥¥:, M13-R/Lb14-3-3¢c-R PCR & [H
P, EcoR | B ) H 40 Jioki , 15 2] — 4% 250 bp MY%E
SR 0 E 0 R BOR I % (K] 8 ). PCR it
T, AT g A TR JORBE RIS, B8 B T 0 kAR
SRR, o —45nT e s 1 — R4 (151 8B ),
242 HEYWEAREHFEMEIE & Lbl4-3-
3c-pMDI18-T i 21 54 1% 3% 4% J5 In] 5, ] Bam H |
H1 Sal 143 5 W) pCambial305.1-35s . 31 6 A
ZH I fi Lb14-3-3¢-pMD18-T F1 41 i 25 15 8 21 5 hr
Lb14-3-3c-pMDI18-T, {8 H: 545 A [] 1) Kl 14 7K iy o
eI E R B, ) T4 SR 0 1, e AL R I FT
P DHSa, PRECR o fE , DLHOR R, #5477 PCR FHE:
oz, 75 38— 2% 777 bp [ H B 55445 (K 9A, 10A ),
P2 IRURE B 2 1 A TR, B AR AR B GV3101,
PR v i, DL AR, 64T PCR A, iF — 20
H PCR 45 5 Sk BH - 1% 25 4L 3 FH B il 1 9 B g
Bam H 1. Sal 13XV, 15 5] —4% 777 bp MR 5
17 (9B, 10B ), #fi A i Bt 5 v b B B K/h—34,
FEH BRI EE Lb14-3-3¢ SR A Y3 ik 2k 4
pCambial305.1-35s-Lb14-3-3c FIAEPIM ] Fe ik 24k
pCambial305.1-35s-Lb14-3-3¢c, i T — 4 il 33 %% fk.
R AW FMIAC , BAIE Lb14-3-3¢ KD A o g4 it
TSR A
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B 6 LbI4-3-3c BREMITHAREL FHIRIRIE
Fig.6 Expression level of Lb14-3-3c at different developmental anthers of wolfberry

A B M 1 2 3 4 C

mp promoter

MI3 fwd //

Lbl14-3-3c-pMD-18T
3469bp

AmpR

750 bp
500 bp
777 bp

A: 333K Lb14-3-3¢c-pMD18-T BifiL, B: PCR %55& , C: FANFYI%E ; M: DNA 7318 DL2000, 1: Lb14-3-3¢-F/Lb14-3-3¢-R,
2:MI13-F/M13-R, 3: M13-R/Lb14-3-3¢-R, 4: M13-F/Lb14-3-3¢c-R, 5: EcoR T Hiifi1]
A': overexpression recombinant plasmid of Lb14-3-3c-pMD18-T, B: PCR identification, C: single enzyme digestion assay,
M: DNA molecular weight DL2000, 1: Lb14-3-3¢-F/Lb14-3-3¢-R PCR, 2: M13-F/M13-R PCR, 3: M13-R/Lb14-3-3¢-R PCR,
4:M13-F/Lb14-3-3¢c-R PCR, 5: EcoR | single enzyme digestion
B 7 @FRAFHRHF Lb14-3-3c-pMDI18-T K BRI F BREEA LT
Fig.7 Identification of over-expressing recombinant plasmid Lb14-3-3c-pMD18-T

-

p promoter

MI13 fwd//

Lbl4-3-3c-pMD-18T Lbl4-3-3¢c
3469 bp . Xbal 1 750 bp

AmpR \B;rr’tnaHII 500 bp

C

M 5
777 bp
250 bp

A M| AT ALUFOR, Lb14-3-3¢-pMD18-T, B: PCR %3¢, C: B AE ; M: DNA 43 F-f DL2000; 1: Lb14-3-3¢-F/Lb14-3-3¢c-R;
2:MI13-F/M13-R; 3: M13-R/Lb14-3-3¢-R; 4: M13-F/Lb14-3-3¢c-R; 5: EcoR T Hifi1]
A': Inhibition expression recombinant plasmid of Lb14-3-3c-pMD18-T, B: PCR identification, C: single enzyme digestion assay, M: DNA
molecular weight DL2000, 1: Lb14-3-3¢-F/Lb14-3-3¢c-R PCR, 2: M13-F/M13-R PCR, 3: M13-R/Lb14-3-3¢c-R
PCR, 4: M13-F/Lb14-3-3¢c-R PCR, 5: EcoR | single enzyme digestion
B8 IMHIRIEEARM Lb14-3-3c-pMDI18-T R B R BEEABEE
Fig.8 Identification of suppressed-expression recombinant plasmid Lb14-3-3¢c-pMD18-T

B M 1 2 3 4




=

1530 oW o fF o W R 20 &

A
1000 bp
1000 bp
750 bp 777 bp

A:PCR%5E, B: [FJI%SE , M: DL2000 DNA 43-Fftb5if, M1: DL15000 DNA 73 Ffibrifi, 1~4: ¥4 PCR %E,
5: EcoR | ARV AR, 6: Bam H 1, Sal DRI EALIRE, 7: EcoR 1FARFUITAL, 8: Bam H 1, Sal 1) ok
A': PCR identification, B: Identification by enzyme digestion, M : DL2000 DNA molecular weight standards, M1: DL15000 DNA molecular weight standards,
1-4: colony PCR identification, 5: EcoR | single enzyme digestion of the recombinant plasmid, 6: BamH I, Sal I double enzyme digestion
of the recombinant plasmid, 7: EcoR | single enzyme digestion plasmid, 8: BamH 1, Sal | double enzyme cutting plasmid
E 9 EFFREHEFEE pCambial305.1-35s-Lb14-3-3¢ PCR PRI R B L E
Fig.9 Identification of overexpression plasmid pCambial1305.1-35s-L.b14-3-3¢ by colony PCR and digestion

A 1 2 3 M B ™M MI 4 5 6 17

1000 bp
750 bp

1000 bp

750 bp

777 bp
777 bp

A:PCR Y%5E , B: lEUI%5E ; M: DL2000 DNA 43 T-htb5ifE, M1: DL15000 DNA 3 F-HiARif, 1~3: H7% PCR, 4: EcoR [ i
VIBThL, 5: BamH 1, Sal TXUEEYIBTRL, 6: EcoR T SARGYIE L TOR, 7: BamH 1, Sal 1O 20 Bk
A PCR identification, B: identification by enzyme digestion, M : DL2000 DNA molecular weight standard,, M1: DL15000 DNA molecular weight standard,
1-3: colony PCR, 4: EcoR [ single enzyme digestion plasmid, 5: BamH 1, Sal I double restriction plasmid, 6: EcoR [ single
enzyme digestion of the recombinant plasmid, 7: Bam H I, Sal 1 double digestion of the recombinant plasmid
E 10 #PHIFRIEEEFE pCambial30.1-35s-Lb14-3-3¢ PCR PR R B L E
Fig.10 Identification of suppressed-expression plasmid pCambial30.1-35s-Lb14-3-3c by colony PCR and digestion

25 RHBENSHLIRE LEFBREEEAE ZE (B 11C), fFEAE K ZE 3~

BRI R AT AL AR e ) S 2B (D 4 om B B HER R BT R A RS RIS R AR
1A), BT 50 pg/mL RABEEZE MY MS #5583 I SRS EA T 2B AR S % A R DU A 7 T 4
WA, 15 d ALK IaGALI (K 11B),30d X,

A SR, B: R4S, C: A
A Explants, B: Callus, C: Adventitious buds
B REENTSERUDRE

Fig.11 Agrobacterium-mediated transformation of potato
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2.6 HEEEHRERENZSHELE

P E B A E MR RG IR BE )5, R AR 7 AR AR
(F 12A . B), EF T A K B, 780,
WIS HG K AR 2 P R R (& 12C,
D), 7 A AR 25 B O Bk B 80 H 8 2 i, BoH g
A, BEEUH A4 3 K 2H DNA, #5497 PCR BHPE % 5E

(& 13), BN AR LU A R Sh 3% SRR O X IR . il
LT AT LV S0, B R AT % 8 L B A TR R
FHZEAT, BILE RS ), e SE DB R A R, Bk s
A R T RFAE A, @) PCR FAMESSE S 158 5tk
BHAERE BEDRAR AR, 1 AR BAVEAR R , 254wt BAVEAE IR, 4k
SR PR 5 B A AR PR

A C:BPA:RL, B D: HAER bR
A and C: Wild type, B and D: Transgenic plants

B 12 HERDRIEK
Fig.12 Transgenic potato plants

1 2 3 4 5

777 bp

6 CK- CK+ M

1000 bp
750 bp

M: DNA 3 FifRifE DL2000, CK+: FIPEX IR, CK-: BIPEXT IR, 50 IR0 RERR , 1~4, 6 BATERG (b Atk
M: DNA marker DL2000, CK+: Positive control, CK-: Nega-tive control, 5: Non-positive transformation plants,

1-4, 6: Positive transformation plants

13 HERDHE PCRETE
Fig.13 PCR identification of transgenic potato plants

27 HEFRSHREBEMESENE

BEBLIE I 3 A4 %% 3 D B PR AR IR, DA A 70 T 4%
SERELAR (4 T 0 | 20 S U R s A Ry A X R
A3 I AR 2R A I I R 1 B i, il B 14 W]
DI BRE I Z A0, 3% 3 BRI AR Ik 4 S5 01 R i 22
WIRE R Frvems & i 3, AR TR AE AR
Bt 6~7, W] Lb14-3-3¢ D AT BEIE [ 845 TE b
2,

3 itig

TESTAERP T, i eSS AE 25 B ARt 1

207 A Y s JEE AR A 8 BT A AL A el P T,
A BB ) S SRR 7, AR 2 — Tl oo PR 35 e P
S HEPERC T, Qv AR . FETTAERT Befi a2
1~2 d J&, i T T ROT R, AERP R A 2F 1 fE
TR AR Sy T AR R XNV A A
L5V R BN, (Bt TAER M B R
AR /N, DRI AAE A3 F 1 U P Do P PR X, — i
LR IFFEACLS AL 2500 T eSS, B AU sl 2% 45
AN A2 1 RNA R 15, A il A
W SR E IR, BA P RAERRL A B T B
FR
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& Starch content

ﬁ“

W B4R Wild type

O #EH1 Transgenic No. 1
E3 3L A2 Transgenic No.2
O #:% K3 Transgenic No.3

Wil Seedling stage Z5 B Tuber stage

JRERIA Mature stage

R REDREARAR L TP 2, 25 5 25 (P < 0.05)
*: The transgenic plants were significantly different from the wild type ( P < 0.05 )
14 HEFIRFEMSE

Fig.14 Starch content of transgenic potato

14-3-3 HARE ARSI R E SN
PO R AR NG S s R A s
200 S SR 200 R T YT A G 1 P AR 1 R
AR HE e ik DR~ 5245 0 P L 2 R i) 7 440 L 4 155
PO RS Y R RN, 14-3-3 B TR
FE O A EE e 25 e AR R T & A5 T
1A — o 1 R EEAAE T, dufdi 2 B
A RS SRR P i g T

14-3-3 ARG Y R G5 WM 3 e
WA AL & B S A A EE IR . 14-
3-3 & AT LA 3 17 45 GA A LA 5G9 i 5%
T RSG, KRR N B GA K. BERESAC
TE R KAE 14-3-3 AT LS 24 i
ACS HAE, HAEF LS T g & 14-3-3 S i
SELBERRILI ACS 1 C A JH ST ACS 3G,
837 ACS 75 Z W A & iU S et 0, 16
KA R, 14-3-3 25 {38 o /R R e R
B, B R IR T R IR R 4 M RS B K T
() B, (A5 T By B s A2 S, B 25k B R O 3k
()2 h 2 B m, e A R ECE K L SR TEAS
B KB 14-3-3 JE AL T Kk B, B N
RERRTEAS S B30, HEI 14-3-3 25 (3 S H g5 A e
KB AR OB I AN SRR AR L Pk E B
FHI X FAR ARG TFH 14-3-3¢ RIE (3L A
KA R A TE A S RN 2~4 £, I H A R
ST I DA RR T B W i ot R A2 B 2, &
B 14-3-3 8 11 % 1 3 ] MaGF14a . MaGF14c

MaGF14h 1550 -1 & I 45 B 9 400G , MaGF14s 1
AR & T IR 2R 35, B 7E %) A 2340 i
A6, B RN TO 2R SRk B . AEAE R VR IS
MaGF14a . MaGF14e | MaGF14h . % 3 3k & 3
Jne HEM MaGF14 & AR GAERM AR L&
TR E TR A, EK 14-3-35 FENLE
AR R B AR P VR R HI B 45 B Tl a2
VR, 2 T PR 5 I R e R A B B ) e a2
DI EAEM B Kt B rp bR e B = AR . FORAE
WG R T, 14-3-3s FERTEEME A F & h RNA
FIER 1 KT B Rk 8T 8, 4 14-3-3s 5E K AE
AEMS BT T R FREAE

TR 14-3-3 B [ 2R A SR 75 5 e A ) 3R A
FR I, %oF3x o3k TR 14-3-3 25 110 28 Ay ok PR k.
PRIEAT T 530, 45 3R 2 I B DR AR vk i DR 2R 40 H 3
T, BREEA/INR N, e 3 R SO 4 S U RS T 2 1)
MERER YT AR IAEERT, M2 R 1 Rl 5
LU HEAE 012 5 14-3-3 $00 i %) 7 6 DR AR AR Bl 25 4t
UL e ZE /NN, R DR B 2 1 ek A T
I, 2k FRAE R LA W e K1 T i Pl 2 mT
P A LG 18 B I 1 0 o 3 58 1 R I
A T 48 SRR B, P A 0 2 3K R AR 0 i T 3 i
(NR ) 7 P 25 5 2 18 im0 B NR ) 9 45 % A e AR
Y, ELASHRS - [R1 84, NR 3 M A 34 in 5 B0 R £k /K
VR R AR 14-3-3 13 R IA 0 D 2 i
T TR T 15 TG P /K P S 3 T v, T L PR Y
AR A PSR R R RS 1
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BRI 14-3-3 JEPF 368 T 4, R B 14-3-3
P RIS R B B0 iy AR T s
LS B e 5 i3 0, FLG LR S8 s =R h iR
7 B K F] 69 % , 30 i TP AR AR 20,

HET, MR /N CKAEEL CHRE JRAR | PR
B A R TEAT AR 1) 14-3-3 B 3
EA ek 0 (B A LT 14-3-3 SR LEMIAL
WF 5% A7 H2 38 , PR SL R H AT Lb14-3-3¢ FE PR 7R H
FeAE K R B AR AT R R IR TR VE R, SRR R
MRS & B B2 FHILH X oie R AT A & 5 B 7 e L
HEEME L, AREEPR T 7 E Ml T 1
S RHERAR T S AR T ERFE A RA¥
ZRFIRNEA N T 2N ERTREAH
1433 IO EE N Z R E M. AL A A
5 5% RT-PCR £ AR, N T E AR TAS 1 SAE 2o
BeE 7 —A 1433 AR WE AN Lb14-3-3¢, 2% T
Fliess O R AR A U R O R AT AE S B
GYHT, AT TSR R M ALR R & B 145 25 B R
LU 23 IR R, BLTIA E TIZE  A
1 FE IR FAAR R AN F IR A, 2D R R AR
I AT R A A TS AR F SRR PG Sk
DR RE A , 30 ok o 7 L DR R R 1) R UL 2%, DNA 43
IKOF-SE 52, VE RS B g o M Lb14-3-3¢ FL A n]
RES SMIEE L) & T R, X ik — 2 U i3 A
AL B SR T AR A R A FH A T 5
B IRHED Lb14-3-3 A KR T REEIEM LB
R S HAT PR TIRE N — 20 R AR AT
A TR R AR, DF % B A R TR
ke A & B R B A SR A6 2 K B AR A3t
TR R, FEABFSE AT T RIAL Lb14-3-3¢
FEPR TR R R B gl T H AR Fe ik gk . S5
A L, MOAD 14-3-3 AL A Z b, ik, 4
JE TG T T b 14-3-3 [R) T AU K B i HL ) 6
R SR A 2 Ny B 3 DR 4 2 T O
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