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Transcriptional Analysis of the Gene Lbi14-3-3b in Wolfberry and
Functional Characterization of the Transgenic Lines in Tobacco

XU Rui,ZHOU Li, LI Rui-guo,FENG Jia-xin, YUE Si-jun,MAO Gui-lian,ZHENG Rui
( Western Biological Resources Protection and Utilization Lab of National Education Ministry/
College of Life Science ,Ningxia University , Yinchuan 750021)

Abstract: By analyzing the proteome datasets during the anther development in wolfberry variety 'Ning Qi
No. 1", we identified and isolated an anther development related gene Lb14-3-3b that is observed in floral organs. In
order to further understand its transcriptional characteristics in floral organs,we determined by real-time quantitative
PCR approach the transcriptional level of Lbi4-3-3b at different stages of wolfberry anther development. In addi-
tion, we transformed this gene into model plant tobacco via Agrobacterium tumefaciens mediated transformation , driv-
en by the constitutive 35S promoter. The results showed that Lb14-3-3b expressed at all stages of the wolfberry an-
ther development, particularly at the stage of two-nuclear pollen grain with the highest expression level. Compared
with wild type, transgenic tobacco plants grew delayed growth and dwarfed phenotype , floral organ distortion,such as
one petals and stamen absent, four angle flower patterns. We speculate that Lb14-3-3b gene might play a role in
regulation of tobacco plant growth and floral organ development, despite that its functional mechanism in wolfberry
remained unclearly. Thus this work provided a starting point to further explore its functional mechanism involved in
the growth and development of Lycium barbarum L. .
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R SWEAMEEN, 14-3-3 A “HE
IR Z Bk, AN TR 9 2 1 R T8 EL A R R ) 40 A
SR AT PR S Y R AL 1 5 R A A
&, H5AEEFZEEN A AR, S 5
MRS WM T BRI E SR A
s 55 5 A A R an i T

HET Y 14-3-3 A TEFE Y B H A5 ia
25 B AR b & A T AR IS T R R F
FiE, CAEN—F G THEG SRR TR
FEEZER A 2 0 A= Wb 2 B A 5 i 45 4 3,
g B BBAE Ghl4-3-3 (15 5% BR {3
S AT I BR E 5 AH G EE R Y A i T 5
U P e S | e o A= MR N a8 5 1 )
W, 14-3-3 B AT ABF (VR R S e 45 6 BT
SRR R G TE AR R R iR A R D hE, —
HHIEAER , ff ABF #5515 ABA N ¥4 PK-
ABAT AR AR T A S 00 7 R Fn o 25 R k42
KREE 14-3-3 FERIFACIURE I & B0, G SE DR A vk U
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KACK W BB R, REMHL T 14-3-3 HEAM 3
FhfA] TR 14-3-3A 14-3-3B i1 14-3-3C By 50 5E
SENL RN IR K- BF 98 W, 3 Fh S 4 PR 2 78 /N
2 RE 3Rk XU R IF 14-3-3 KK GRFI-
GF14 FEH MR RY], TER AR AL T GF14 73
FIEPER T 28 VR T AU Ak FE2 FITE
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FEFLL AN K A SRR LA R AR T IR FL 2R 2
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M, 14-3-3 HEAEA & EHL R 50, Erh BRZE
25 AEZGAN 2L AR AR Sk Hr L 3 30k | dE ad A 5
AI-REE R (FC) FIBLFRE (PM) H* ATP B8 I M5 ()
RERR A B K BRELI, 5 14-3-3 BHAM
HAEFET PM H* ATPase & EPT GER T B S 168
(g K& FAERY A AR ) L SR MIAT 14-3-3 R
WFFEiRIE IR LD

TR ( Lycium barbarum L. ) & i B AL &
ZAEFEMAER ATERLREZE— %72
FR A L 2 B ) R e AR B 25 ) YiE Ok iR G 44
SR, T RIS E A MOAC M R SR R
R R R A R 2SR
HAEARURA . BREFRW, TR MR AR
K B R 195 I 0 IohJg | Bt 30 ok of A B Ak | 98 2% 52

¥ SRR GRE IR MORC R 25 A0
FEEE SR 245 SUAS B )3z N Al R R R
B H A EPRsE R s n = mz—, o
SEMIRCAE 245 Ko AU M K B B4 I 2% 20T IL i 3ot )
FHEE R T8 45 T B 48 v Al AT ™ ot A T A o 22

AR S8 % i A AT T B AAL TAC 1 5
AT R TR S SRR B RERARG Y, %
EE T — N ERFRIBR 14-3-3 HEARKER
Lb14-3-3b, ZHEYE B 0, 1% B K ORF 4K
747 bp , H gt )& H A ALY 14-3-3 K%
SEREN, 5 A R N SR GO R AR, A A A or
SyMT R B, B AR AN b Rk, KR =
PCR 73 M Hi i) 25 Fe ik Rt & B, Lb14-3-3b FE R AE
Mitc e B UL 38, HEM A AT Lb14-3-3b JE[H
MRS S EN AT SR Rt — A
76 E PCR /ML Lh14-3-30 JERAE A2 &
AR B FRIBRRE IS EAE ) I FaR AR A
ORI IR B, R 9T 1% I B D RE, S B 1b14-3-3b
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By SIRIAE Ry Y] 7 AN T SR A L
SIS HAEL Lk, T T K EAEEE th 1B A R
RE WAL  WAGR RIS A - 80 C &,

AL H0E A R A P HOR A R w5 A 2
RNA $2 000 & $2 U [R] BB 1E 245 RNA, H]
1 Invitrogen 23] B 5% i B B cDNA 25— %6
TRANAL RS IR G W B T, FE2Y cDNA {47
F -20 CHH,

T B A A A A 236 DR AT = AR AR s 1, 22
NaClO JH # 5 #Fh T 266l MS i 2 [, fr A K
25 ~7 em BA]

1.2 Lbi4-3-3b BEEERAREHRIRIESH

A Primer 5. 1 FAFBEATHIFC Lb14-3-3b 5L
£ PCR I TS, qLb14-3-3b-F : tcaatctgageta-
accgttgaagaa, ql.b14-3-3b-R; cactaataccacatgttcategt,
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DIAIARC A R ek 22 ) Actin IR, E RS 180>
9 A7 Lbactin-F ; gaccttcaatgttceegetatg, Lbactin-R ; ge-
catcaccagagtccaacac, IR AN 6] % & I AR 2Y eD-
NA W79 6 %E f: PCR A1, B FESL
3, RMZESE 222kt
1.3 Lbi4-3-3b EEEY TR IEHEHHE

DI 5 IE B 4 Lb14-3-3b-pGEM-T Easy Vector
AR, PCR §7 38 J5 [l B 9 /- BEE A pMDI8-T 3,
RFF Wt % )7 0], F Takara 23 5] PL) B Quickeut
BamH T 1 Sal 1 X ) iE [a] Lb14-3-3b-pMD18-T
Fz A& pCambial305. 1-35s, 43 54l Ak [0 i s 1 7 i
F2 A6 DHSa KA1, 0 2 B i %, BAR 5 vk
SHRGRRE"
1.4 ¥ Lb14-3-3b EFFEERIKE KRR

FH W& % Rl vE K Lb14-3-3b-pCambial305. 1-
35s HAH BOR A ARV AAFTIE GV3101 1, LIoRFE AL
AYAAT RS O BREAT R 9% PCR ARG 0 22 BH 14
BRI R B A, IR OD 0.6 24 i P
AT R YT IR 2 d 0 = A A B SR A
fRYEIERE TR 2 d A 50 png/mL RIFER
150 we/mL Sk 6155 2 W HUETR L5 S 1 97 3 1
e @42, i 14 ~ 20 d Je iR B4
BRI LA E 28, AN E 2R K H) 1 ~2 em B HZ
NEMRREFRIE A KES ~7 em BHERT 15 $EH
M 22 DNA #E4T PCR %52 , 0 26 FHPEATL B

1.5 ¥ Lbi4-3-3b EFEHHER] Real time-PCR #ill
BEMLIEH T, (T, fCPH 5% Lb14-3-3b Fe PR M L
FERE, BREAE T RNA Jf 5% 56 ¢DNA, LA ¢DNA
R AT 9 G E fE PCR, K6 I M8 #E b Lb14-3-3b
MRBNEO, 510 WS BT kS
1.2,
1.6 % Lb14-3-3b EEFAEERRIINE
W T AR ) K B T 28 NaClO T8 7 )5 #
T 50 pg/mL RABEEZR MY MS JERlE I b &
JEBR R LA ZF ARG Y 2 R K KAt +
£ PCR i g A% T, A0 5L PR 5 L8810 SR A ik
AR KR ERESMACEE ML kK B RHE,

2 HRESH

2.1 Lbi4-3-3b EEEMICHHG LB REPHIFRIE
Lb14-3-3b FEH R IE L TR AL 48 B R ik & i
B, AR SRR R ZE AR AR
UREEF G B PCR FAR D TA LR BlE 1824 &
BRI FRERE, L P Lb14-3-3b FERLEMFCAEZY
AN LB I EA Rk TE4E 25 ki RN B B, B4
MRS SEI TR AN N R, 3%
IR RAR, DU o (AR B T 4 Sk i 1, 1) — A%
FERPITIA  FR R BN (B 1) o -k Bt R 3R,
AFAE T 5 JF Y | s A A AN R 41
NHHRIEZE R AR E 54 MIHERBE
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* AR MRS R AR A i 22 57 3 (P <0. 05)
% ; Compared with the stamen primordial period ,the expression levels were significantly different( P<0. 05)
B1 #MIREHREXERE Lb14-3-30 REKFRIE
Fig. 1 Expression level of Lb14-3-3b at different development stages of wolfberry anthers

2.2 Lbi4-3-3b BEEEYITRIZHENEFLEE
Pl Lb14-3-3b-pMDI18-T Ay £ 47, F Lb14-3-3b

M3 09519153 3 BEAT T T PCR %85E , 7309 1S 3
747 bp 864 bp [HRFSFIE 551, 22 W% T 21 00 A
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W, F M13-R/Lbl4-3-3b-R Fl M13-F/Lb14-3-
3b-R 3%t 24 FHVE SE R AT PCR, BERRAG I 45 2R
Shy BE - BRI 1 o e i BUSRORE FH Sph T il VD SGIE
54533 — 25 150 bp K/NBYRe PR 5540 . Xt Lb14-
3-3b JP I U)7 45 5 W45 0, 72 )7 511 596 bp kb H
Sph 1 BV &5, 454 pMD18-T #444& | Sph T {3 547
BT, %7 Sph 1 B#Y) Lb14-3-3b-pMDI8-T 15 5] —
2150 bp B9 5545 Lb14-3-3b W IE [i] JEHE . Ko I 45
RFLW] PCR 45 R ANBEDI 45 R — 20, 1F L E A 3k
AT (E 2), #E—2H BamH 1 1 Sal T XLfEFY)
1E X H 2H #4442 3 pCambial305. 1-35s |, PCR
FEREA BamH T F1 Sal T XUEEYIRG I 15 5] — 4% 747
bp 1 44512 B Lb14-3-3b-pCambial305. 1-35s
R (K 3) .

M 1 2 3 4

1000 bp

750 bp
800 bp
864 bp
747 bp
250 bp
100 bp

150 bp

M:DL2000 marker;1:14-3-3b-F/14-3-3b-R 5|4 PCR;
2:M13-F/M13-R 5|4 PCR;3:M13-R/14-3-3b-R 5|4 PCR;
4. M13-F/14-3-3b-R 5|4 PCR;5 ; Sph T 2D 5 41 ok
M:DI12000marker,1:PCR by 14-3-3b-F/14-3-3b-R,
2.PCR by M13-F/M13-R,3.PCR by M13-R/14-3-3b-R,
4.PCR by M13-F/14-3-3b-R,5 : Digested recombinant plasmid by Sph I
& 2 Lbl14-3-3b-pMDI18-T {5 m#EE
Fig. 2 Direction determination of Lb14-3-3b-pMD18-T

M 1 2 3 4
1

1000 bp
750 bp

M : DL2000marker; M1 ; DL15000marker;1 ~4 ; [# 7% PCR %5 ;
5.BamH | iﬁﬁbjﬁgﬁﬁﬁfﬁ;BamH 1 A1 Sal 1 XUEEFY) B 20 ok
7:BamH 1 BARFYIFURL;8 : BamH 1 1 Sal T SUAGYI R
M :DI2000marker, M1 ; DL15000marker, 1-4 ; Colony PCR identification,
5 : Digested recombinant plasmid by BamH | ,6:Digested recombinant
plasmid by BamH 1 and Sal I ,7:Digested plasmid by BamH I ,

8. Digested plasmid by BamH I and Sal |
3 Lb14-3-3b-pCambial305. 1-35s Fifii PCR K EEHIIGIE
Fig.3 PCR and digestion identification of
Lb14-3-3b-pCambial305. 1-35s

2.3 % Lb14-3-3b ERAERRKREBINETE

AR AR FT TN TR G = A AR R 5 4b
R 4A),7 ~ 14 d J5, K4 A B35 P15 07
IR B A A A 20 HLAR R AT R 43 BT U
BEBATTE BCA A AL, HE AT 2 4 3R 3 b R IR
R RIA T (K 4B) . FEHL A
fEREFRIE T 14 ~20 d J5 , RS R 2E (1 40) .
AA SR LU I G, BU% BB WA,
AYIBAM B ZF R AR IR 115 ~
20 d JEFFURAAR I R KRB (81 4D)

(- r --- - :
7 [
ARSI B @Y C R E2E ;D F R

A:Leaf explants, B Callus,C: Adventive buds,D:Regenerated plants

B4 RHENSELEE

Fig. 4 A. bacterium mediated transformation in tobacco
BEMLILI 6 PRILHE [N MR R B [N 2H DNA, LI
Lb14-3-3b-pCambial305. 1-35s JFki ky BH 4 %) B8 | Y
A B B RE PR 2H Sl BT B 34T PCR A, Horp
A5 BOMBIYE T BONBAYE (B 5) |, B 25 B e £ B
PHPEAR bR AR S 1 5% L EIR

M CK+CK- | 2 3 4 5 6

1000 bp

750 bp 747 bp

M:DL2000 marker; CK + ; FHPEXT A (FE4TB0RL)
CK — IR B (AR AL ) 51 ~ 6 e HE R R A
M. DI2000 marker,CK + :Positive control ( recombinant plasmid) ,
CK - :Negative control (wild type) ,1-6:Transgenic plants
5 HEFEMFEPCREXE

Fig. 5 PCR identification of transgenic tobacco plants
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2.4 Lbi4-3-3b EFEEWEHHIRIE

REMLZEHL 7 #k PCR A BHAME M) T, | T, 1R 5%
Lb14-3-3b FERUHEAEE #1725 % & PCR 20 #T .
45 8GRI Lh14-3-3b KPR 7R 5 J PR B rh A

Fik AR bR R Rk AHZE A (E 6) .
2 R R R IR R 1.3 T 6 5 AR AUAR X
Tk B LW HILHRR 2 4.5 F17 5
P TE

1500 [
ok
R 2
5 | * % *k &
2 - *% *%
! i T T
: 0y ; i
@ 1
b
=
??i 500+
e
Foy
L=
D I I 1 1 L 1 1 L L ]
WT 1 2 3 4 5 6 7

MHEER R Tobacco lines

WT B A R 1 ~ 7 LN RRR AR 5+ o FESE AR MRAH AL T A B 25 R i 35 (P<0.01)
w o R SL DA ARM AT A B 22 57 1 35 (P<0. 05)

WT . Wild type tobacco,1-7 ; Transgenic tobaccos, * #* * ;Transgenic plants showed significant differences extremely compared to

wild type (P<0.01), * * ;Transgenic plants showed significant differences compared to wild type (P<0.05)

6 Lbl4-3-3b EREMREHRHRIE

Fig. 6

2.5 % Lb14-3-3b EEMEERETWL

W T AR B FH A 5 35 DR AR o b 1 75 05 4
RN RIREE R R IR 3 1,5 ~7 d FFAR A
BB  WIZFEARE S ABOE RS, R B IER
AL R, SR B R 20 DNA S I0 BH A Ak LB
A R EEAR R A R R 6 15 R BE P RE DR R RE R A
PRIRES  F EE MRAE RAE KR B RN 218, FH AL
B e R B, I TR /N H AR S 3% 7 AR
B MRS BT R AR (] TA ~ B) o B 15 BRI
AC SR AR A RRRR S R A T HES ), B 3 bR O —4L, i
Itk 22 Ratit, & K g o b, 5 i L R Ak
A3AGHARMKSZESMEE, 1 AEREE 1
HARE (K ) , S AR B P A
MG FERRACI X 15 BRIG FE DA B F AL B #1740
TR, HAbg T —3L 74 25 HPIEWES E A 39
S B 1 R AR 21 S5 B 2 R 14 2k,
HA 4 R AR e R R U ALR A 4 AN IESE Kb 22
Hrpfg 1 AN e 22 S0 R K S e i 2

Expression level of Lbi4-3-3b in transgenic tobacco plants

(Bl 7C~D), TiEFARIHE AL H 5 7 AEIRFZH L,
SEUIRAE RS | HAT 5 AR AL 22 | e 55 Bl S5 e HE
SR EME TR (FTE ~F), XEERMLAE T, T, 48
H A I |

A C.D FEIPIMAR ;B E F B A BUH R
A [C.D:Transgenic plants,B E F: Wild type
E7 BEEEKRERETE

Fig. 7 Phenotypic variation of transgenic tobacco plants
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140
120 p
100 |

D X
(=R

¥k (cm ) Plant height
SRS
s 3

(=]

1 2 3 4 5 6
JHELRK 2 Tobacco lines
1 MPAR RN 2 ~ 6 FE BE PN RRR 2R 5 = » R IEDR AR bR
AHAL AL T 25 il B 3 (P<<0.01) 5 = FESEEDRIM AR
AHAL Y A 70 22 5 (2 (P <0. 05)
1:Wild type tobacco,2-6; Transgenic tobaccos,

# % :Transgenic plants showed significant differences extremely
compared to wild type (P<0.01), * :Transgenic plants
showed significant differences compared to wild type (P<0.05)
B8 % Lbl4-3-3b HEREHEMKE
Fig. 8 Plant height of tobacco transformed
with Lbi4-3-3b gene

3 e

T Sy AR AT B R E TN —A
BT AR 2 B AE K AL 7% B A0 T B 4 4
ERIEH & T A B ) 45 Fh 58 i AT B b £ 5%
F, AR YL R ST A6 24 R B DR 88 D 1) A6 S 40
JiL A R T s 0 A B R A 24 S WUBE 95 Sy 1k 53 15
AN ARSI R A 7 SRR AR
Z IR ILRI IR EE R il T/ B AR
S5 -L I 58 R 4 4 TE G U A4, 55 /SIS /IN AL
T 1L 1 00 22 4 L AR 2 53 % R IR A i e fe . 2
VU4 DRI A 2 R U o PR FL A B R e v A
T2, Hrp AT AT — AN 25 R B PR e A 2 AR 2
BOREMZERL, 7R E , B A B A
B Blan, & AT ik g 5 IR 7 e A
LbMS2-2 FETEMAC AL 45 B h 2R3k JUHLAE L 43
TACIST 38 | BAAZAE R ISR 0O A6 by i S ek i e v
HAAR R RE SRS B AL LT,

14-3-3 HHR—KEEN/ N FRTEA, T
FE 0 A R B A B A A5 5 7 5 b R
FER, & HA IR A2 () St R[] R) T AL
A4 AR TRE ™" SR f T i A G
B AR TE R AR, 14-3-3 EARAR TS
FUEM A BRUR R, LR F R R K2
M, 51 Tk R EEEARE N BTARIR K

PR 8 A 14-3-3 JL[H ( MaGF14a-MaGF14h)
WA & B A Rk B P e, X 8 4
FERTERN T8 & 1AL R B o B P i R s AT
MaGF14a MaGF14c¢ Fl MaGFI14h TERh T8 K i 3 d
R, AT 5 AN R 5 B Rk K
FTABF 5T & RMIAC Lb14-3-3b K AEAL 28 B P 34
Foik, s B R T HAA R

AWFFE LB Lb14-3-3b FERAEMIALAE 2 & B %
BB 2235 AR AE R B I RS SR | 17
S 61/ INAE 1 20 i B 30 2R 3K AF X ASEAER i DA 1Y
SHRBT TG kKN, 2 AR B R Fe
iR, BSEAE A I SO BTRRAR, fERE R AL A
Pk H IR, Lb14-3-3b FEH Y ek 5 & A ARk,
I Lb14-3-3b W e 2 SR EGE LR T
W FE, Lb14-3-3b FE R BE AL 55 E — 0 R B, B ik
AR R BIRGE R IE /N bR B R E 8, LA
WA AR | i/ — R AR AL R 2 DU b —
M HAE 2 K E T, 45 FUE M Lb14-3-3b
FERS I TN RS B A R T, AT 14-
3-3 AN S 5 RE M AL B R, il
RN AT, UL S HEEEAA WL, &
TRl 2L R A 28 B & B Y, K #0 w  E—2P
ARV, AW EE RN i — 25 Al s AL 4k
fEMTIZIE R 1 D REFR 4G T BRI AR
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