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Isolation of Protoplast and Establishment of Transient

Expression System in Grapevine (Vitis vinifera L.)

SHU Xiaojuan, WEN Tengjian, XING Jiayi, LU Long,HU Jianfang”

(College of Agriculture and Biotechnology,China Agricultural University,Beijing 100193, China)

Abstract:In order to establish an efficient transient expression system based on grapevine protoplasts, we
used the mesophyll and callus of grape ‘ Heixiangjiao’ to analyze the key factors related to isolating effec-
tively protoplasts,such as cellulose and macerozyme enzyme composition, concentration of mannitol in en-
zyme solution, duration of enzyme dissolve,and so on. The protoplast was used as a vehicle to explore the
establishment of a stable, efficient grape protoplast isolation and transient transformation system,and lay
the foundation for building a transient expression system. The results showed that;(1)the optimal enzyme
solution for leaf protoplast isolation was 3. 0% cellulase onozuka R-10+40. 75% macerozyme R-10-+0. 6
mol/L mannitol. The digestion was conducted in the dark under 28 °C for 14 h,and the protoplasts yield
was 4. 09X 10° per gram, the vitality was 83.12%. (2) The optimal enzyme solution for callus protoplast i-
solation was 2. 0% cellulase onozuka R-10+0. 5% macerozyme R-10-+0. 5 mol/L. mannitol. The digestion
was conducted in the dark under 28 “C for 14 h,and the protoplasts yield was 6. 05X 10° per gram, the vital-
ity was 84.13%. (3) The transient expression vector pEZS-NL with reported gene coding green fluorescent
protein (GFP) was transferred into protoplasts by 40% PEG-4000 method. The GFP protein expressed
stably and clearly in all over the protoplast. We establish grape protoplast isolation and transformation sys-
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tem in this paper. The gene can be expressed efficiently in grape protoplasts with a small amount of plasmid

DNA , which provides technical support for grape functional genomics studies.

Key words: grapevine;protoplast;leaf;callus;genetic transformation;transient expression
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A. Leaf;B. Callus; The same as Fig. 4
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Fig. 5

‘ Heixiangjiao” protoplast transformed by using pEZS-NL-GFP vector

A. Leaf protoplast without transformation;B. Leaf protoplast with pEZS -NL-GFP;C. Callus protoplast with pEZS-NL-GFP

PRVZEL 3 v i B A R AR AR 2. 91 X 10° AL iE 1
84.03% , FUHLAR A 6 A 0B dm A% M A v S
JEA FARGE 1. 57 X 10° AN iE il 79.41% . R
BRAECY L4 A3 B b N B e TR X 5 Y
B A& @O L MR IR R T & R R R X AR
A0 B RN RE 5 10 5% W) B o8 21 800 B i R AR T {4
1X10°~2X10° A, 16 1 e i Al ik 80% ~90% . 7
ARG R B R BE by 2 00 £F 4 WA 0. 5 06 B AT
it T A 25 A 00 4 2 FH Uk BE Ol 300 £ 4
0. 75 Y0 5 A7 it 1 Ak A 5 T R & 2T LAy B M R

WeAE AT 52 N B AR S v B il A
VS U5 355 43 5 11 0 380 R 80 ) T D A
= R IR R R N A IR (EP ¥ N
T[] 5 e o (] R0 V5 V002 358 Hs 2 ) 3E K i 1Y)
B0 R RN O R LT 2 5. W B E R
R ) A T R L L R A L p
FE DA TR 43 B b A B e R Sz AR g Al
FHHB 3 A R e T g i, kIt j i
TR AR 53 5 1) Foe 3 e A IF (R D 14 h SRl T VR A
0.6 mol « L', 5o A5 AR M 45 SEAH L. W)

i % B 05 40 2 D AR AR 1498 38 /N T R R A
A AT LA HE 70 A 4 v R M B ARk E A A S
1B E RN R .
XS [ 0 i 1 BF 5 2 B A 0 A ) 4 8 B FE AR
F 1 AT B 0 JE A R 7 B — Bl 7X10° ~2 X107
AT — R T0% ~90% . AHESE b, I B A
KR g v i i 245 30 A9 J5 2R TR 7 o 4. 09 X
10° AN {6 712k 83. 12 %0 5 4 5 A 475 41 40 s A= Joi 4% 7
HR6.05X10° 4,30 71k 84. 13% ., i FH x5 4
SR ) £ B A TR TC A8 2 7 o 3 2 T T AR e
FHME R LAAR SRS 2 R 5 I S (AR OC 1Y) 28 31 A 4k
FGT R 7 {4 2 A 400 2 R AT D A o AR
53 B
H AT AR O 8 06 T4 % 1 J5 A iR 4y B R &
R A TE  FLRE 56 T A 4 i A O AR 35t 4% e Ak 1 U 5 i
fef A 4RE . R GFP (@ e &E ) .CFP(E &
POLHEH) YFPOE 90 HD 2¢O hrid il o
FE AU B O 2L R A RO A T L A] DR R
J5 {4 2 H bR 8 EE A0 b . AN R
AU ) A A S AR AR P i R s A B R R
S 5 53 €0, 5 S AR F A ORI T B 5% % 1) A A A 41



1268 [T A i N // = S 35 &

BEA AR 2R R B LA O AL 200 B A SR AR TR AR 3ROSRy AL DT Y B E AL . AN . B
AT DU DA W ik S A i BAR A R . ARSI R A A B R AR RS R O 1 R ORI 2% 5 T R
FOR A AL R AR AR R PEG A ik SREAEMORMK SR .

AR pEZS-NL-GFP 3 5 A AR 5 A 3 1l 2 4=

SE Wk

(1]

(2]

(3]

(7]

(8]

[9]

[10]

[11]

[1z2]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]
[21]

[22]

23]

[24]

DE SUTTER V,VANDERHAEGHEN R, TILLEMAN S,et al. Exploration of jasmonate signalling via automated and standardized tran-
sient expression assays in tobacco cells[J]. Plant Journal ,2005,44(6):1 065—1 076.
MARION J,BACH L,BELLEC Y,et al. Systematic analysis of protein subcellular localization and interaction using high-throughput tran-
sient transformation of Arabidopsis seedlings[J]. Plant Journal ,2008,56(1) :169—179.
ZHAO L J(B 22745, ZHU SH HRSF) , ZHANG X YK #52) set al. Subcelluar localization and ligase activity of AtPUB18 and its ex-
pression pattern in Arabidopsis thalianal]]. Acta Bot. Boreal. -Occident. Sin. (V4 ILRI ¥ 24 4R) 2014 ,34(5) :873—877(in Chinese).
SHEEN ]. Signal transduction in maize and Arabidopsis mesophyll protoplasts[J]. Plant Physiol. ,2001,127(4) :1 466—1 475.
FISCHER R, HAIN R. Tobacco protoplast transformation and use for functional analysis of newly isolated genes and gene constructs[J].
Methods in Cell Biology1995,50(1) :401—410.
ZANG A,XU X,NEILL S,et al. Overexpression of OsRAN2 in rice and Arabidopsis renders transgenic plants hypersensitive to salinity
and osmotic stress[ ] . Journal of Experimental Botany ,2010,61(3):777—789.
KITAJIMA A,ASATSUMA S,OKADA H,et al. The rice a-amylase glycoprotein is targeted from the golgi apparatus through the secre-
tory pathway to the plastids[J]. Plant Cell ,2009,21(9) ;2 844—2 858.
YOO SD,CHO YH,SHEEN J. Arabidopsis mesophyll protoplasts:a versatile cell system for transient gene expression analysis[ J]. Na-
ture Protocols ,2007,2(7):1 565—1 572.
UEKI S,LACROIX B,KRICHEVSKY A,et al. Functional transient genetic transformation of Arabidopsis leaves by biolistic bombard-
ment[ J]. Nature Protocols ,2009,4(1);71—77.
MANAVELLA PA,CHAN RL. Transient transformation of sunflower leaf discs via an Agrobacterium-mediated method: applications for
gene expression and silencing studies[ J]. Nature Protocols ,2009,4(11):1 699—1 707.
LI H E(ZZ#) ,GUO Q Q(FH5%). Progress on molecular breeding for grape disease resistance[ J . Acta Horticulturae Sinica ([ 2%
42),2012,39(1):182—190(in Chinese).
LIAO F(BE 25, TANG W ZH (B &), HUANG M K (# % B , et al. Isolation of protoplasts from pollens of wine grape variety
Guipu 1[J]. Journal o f Southern Agriculture (5§ 7 M- 4) . 2011,42(10) ;1 181—1 184 (in Chinese).
LU CHP(BKY),SHIX HCAEM) , XU Y(#  #i) et al. Protoplast isolation of Vitis davidii Foéx[J]. Journal o f Hunan Agricul-
tural University G 4 K2F24R) . 2005,31(4) :393—395(in Chinese).
YU CH(ET  #).YANG X(#5 3 . WANG ZH H(F %) ,et al. Research on preparation method of protoplasts from callus of grape
[J]. Journal of Fruit Science (FEM2#4),2013,30(3) :433—436(in Chinese).
NATACHA F,RUI S,CELINE V,et al. Purification and functional characterization of protoplasts and intact vacuoles from grape cells
[J]. BMC Research Notes,2010,3:19.
YUAN BCE M) .PAN X JO&2#Z) . Protoplast isolation and purification of Vitis quinquangularis Rehd[J]. Journal of Southwest U-
niversity (PG K3 %) ,2010,32(12) ;97— 101(in Chinese).
KALLIOPI A. Grapevine Molecular Physiology and Biotechnology[ M]. New York:Springer,2009:458—490.
YANG ZH,JIANBIN S,SHAN D, et al. A highly efficient rice green tissue protoplast system for transient gene expression and studying
light/chloroplast-related processes[J]. Plant Methods,2011,30(3) :30.
LANINE E,DAVID A. Somatic embryogenesis in immature embryos and protoplast of Pinus caribaeal]]. Plant Science ,1990,69(90) ;
215—224.
BIE. A AN CREIM. JE g 4 ol ik, 2003: 25— 153,
SUN H(#h  #) ,LANG ZH H(Bg# %) . ZHU LK #i) et al. Optimized condition for protoplast isolation from maize, wheat and rice
leaves[ J]. Chinese Journal of Biotechnology (¥ T 4R) .2013,29(2) :224—234(in Chinese).
LIAO ] M(BE ) ,WANG B CH(EAH) . WANG Y CH(FE 5 )11) set al. Optimization conditions of Arabidopsis mesophyll protoplast
isolation[ J]. Acta Bot. Boreal. -Occident. Sin. (WL P 2#4R) .2010,30(6) :1 271—1 276(in Chinese).
JING Y CH(#E) , KANG X YA FH) . WANG J(F ), et al. Isolation and purification of mesophyll protoplasts of Populusalba
L. var. pyramidalis[]]. Acta Bot. Boreal. -Occident. Sin. (VG ILAEY) F 4% »2007.,27(3) :509—514(in Chinese).
LI Y ZH(Z=E®) ,SHI SH LJfi i #L). Selection for protoplast isolation and culture condition of Alfalfal ]J]. Acta Bot. Boreal. -Occi-
dent. Sin. (FGILFI W) ¥ 4R) .2014,34(1) :184—192(in Chinese).



