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Plant regeneration and transformation of grape (Vitis labrusca 1.)

via direct regeneration method
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Abstract  Efficient regeneration methods and transformation
system are a priority for successful application of genetic
engineering to vegetative propagated plants such as grape
(Vitis labrusca L.). This research is to establish shoot
regeneration system from plant explants for ‘Campbell
Early’, ‘“Tamnara’, ‘Heukgoosul’, ‘Heukbosek’ using two
types of plant growth regulators supplemented to medium.
The highest adventitious shoot regeneration rate of 5% was
achieved on a medium containing of Murashige and Skoog
(MS) inorganic salts and Linsmaier and Skoog (LS) vitamins,
2 mg/L of TDZ and 0.1 mg/L of IBA. Leaf tissue of
‘Campbell Early’, was co-cultivated with Agrobacterium
strains, LBA4404 containing the vector pBI121 carrying
with CaMV 35S promoter, gus gene as reporter gene and
resistance to kanamycin as selective agent, the other
Agrobacterium strains, GV3101 containing the vector pB7
WG2D carrying with mPAPI-D gene. mPAPI-D is a
regulatory genes of the anthocyanin biosynthetic pathway.
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‘Campbell Early’ harboring mPAPI-D gene was readily able
to be selected by red color due to anthocyanin accumulation
in the transformed shoot. These results might be helpful for
further studies to enhance the transformation efficiency in

grape.
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23 wFEgo] R EE2 sl P EQo o
gzol Sk ol FAIAS At flsiA AAl
A Qe ol AEAE R VleS o]&Al Y
& FAAE AR =9Yste FAAS Yol FA
A% 71eg ol &S AES =5 Aty HEiA =
AR R aEAQl A&t AA T o] glojof g
of FAAS T2 ARREI Qe 2 AR Y-S
Ao AR A AA|Z RS SO Ay Ak 5
2 RAAE AR F A 27 FeEe Wolt ofgeh B
HE Ags B 2 AxE FEdfofste 1go] Ha
okal, Aaste AlEAel A4 Hol7t A HAEA
ot thE FHE 7HA He A5 Stk 2 A0 A
= 1H & Z= YAuE Y glojuy YRR o)A HER
Az2E Fedte A3 A& e F559 2 (Kim
et al. 2011) =} =@ FF2 WA Ao HE3}F AA +
S fl8l 2 A5 sk =] - Agrobacterium
o oJgt 2= FAXME o5 ZI}(Nakano et al. 1994)7} o]
Foizl olg FAMT| et W A7 HarEo]

T}(Dhekney et al. 2009). o] 23t W& Afo|x EL5I0L
T2 A FF A3 AATE ob2 S e o] A X
sk, B3 FY A E EE A ES} dF(Kwon et al. 2000)
of olof, AR FAME A3} AaPH o] FFo= =+
S o} 7hA] AL R Hhe SichLes 2007),
o AEF ARG o] o f AEY A9 dWtHoR A
ubA o] X A3}, kA 7 Y] M, Agrobacterium ] X2
R 9 A T 22 EAgasS F
7FA 7171 Y5t AF7F g8 2= th(Olhoft and Somers
2001), B AT mEe] FAHS A BAL 9ot
o 2} a8 FAS s 24 Y Agrobacterium 2
3 xr Mg o tjgt GUS reporter
o

2

H
HollA HE FQ 2 FF Alde, &
guets ol &kt 1d = A
cmZ o] 2 Z&} polyethylene film & & 3
T AL AP ste] FHS BAIZE oF 10 em Z o] 9]
Mg pabste] AR AxE 3 emdolz Zek 70%
EtOHZ A A3t t}-2 3.0%2] sodium hypochlorite -84 of| A]
10 270 AgSa B 5~ 103] Waste] AHshg
th AlzeRE fed A 95 HFske] BA 1 mglL,
sucrose 30 g/Lo] 7% MS (Murashige and Skoog 1962) Hlj

4y o
ff>
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H
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Ao JFst 425 FE5FAL, o] 5SMSH|A o BA 1
mg/L, IBA 0.1 mg/L, sucrose 30 g/L, plant agar 10 g/LE 3
7bet $of pHE 582 24T FAHfA|of] X AFste] Ah
ajekstadtt Az wigFe 25CE A= ujokAoA
2,000 umolm™sec' O] W= & 16A17F F327], $A]7F oF27)
2 Sheth Az A 4% Fo] 1~ 15 m = o]
O] AZES 12 MS 7] F o) IBA 0.3 mg/L, sucrose 15
g/L, plant agar 8 g/LE H7}5l1 pHE 582 A3 W
WAR §7 W2e etk

ASYYRESEO| H=A9 M3 lxl=

AgzdE=do ot A=A AEetEs £AF6H] 9
o Add A Ad YAmntE Y A Z3 AAE FERY
T 59 xR =4 MS 4.4 g/L, sorbitol 30 g/L, IBA 0.1
mg/L, BA 2 mg/LZ} MS 4.4 g/L, sorbitol 30 g/L, IBA 0.1
mg/L, TDZ 2 mg/L (Kim et al. 2011)& AF8-3} a2, LS H]
E}Tl(Linsmaier and Skoog 1965)-% 5 ml/L (thiamin HCL 0.4
mg/L, myo-inositol 100 mg/L)= w2 F7}stFct 7Y =
U8 EE FF AUAY, 37L&, Zn4, P o
QARG AR, Z712 ZZHOAN 10902 X 45
o] kAo A 537F ujoF & 16A]7F 2000 umolm™sec' 3%
wo) YRR $ 2 27 vfopshuA 2 Aol A
A s Az ARSES HlL 2ASHC

Agrobacterium tumefaciens strainz} vector

FAAG e o] &-H pBII21 vector= AEFEA] upAZ nptll
8% 2K Vancanneyt et al. 1990)E -2 expression cassette, CaMV
35S promoter (Jach et al. 1995)2} Sglucuronidase (GUS) reporter
gene2 X35} It} Freeze-thaw =¥ (Burrow et al. 1990)
O 2 Agrobacterium tumefaciens LBA4404 strain (Hoekema et
al. 1983)0 WA ABSte] F22 AFESFAT pBTWG2D
vectori= Of 7] ol A 2] mPAPID+ A AE £l
Q= otEAJobd IFE HEA| 2 Agrobacterium tumefaciens
GV3I01 straine] A ABsFo] F72 AHEetgch e
g]ol= A YEP Hlj X|(nutrient broth 13.3 g/L, yeast extract
1.0 g/L, sucrose 5 g/L, MgS04 0.24 ¢/L pH 7.5) 50 mlo] &
AYA|(rifampicin 100 mg/L, streptomycin 300 mg/L, kanamycin
50 mg/lL)2 H7}ato] 28°C, 220 pmo A OF 24 AJ7F A=
Hlj 9F3}Fo] ODggo (optical density) 0.8 ~1.09] w2 AF&-3I%
ok W FH-2 22Tl A 108 Fot dalEe s, 344
pellets-2 WA §- = X (citric acid 5.88 g/L, sucrose 20 g/L,
pH 5.2)0] =] ODgy 0.7 ~ 0.8 = 3] 4] 3} 11, acetosyringone
0.2 mM¥} proline 1.0 mM-S 3 7}3lo] Aol A&3}5
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Agrobacterium tumefaciens ¥AXEE 2[5t T

3|

= JAASAE AAatstr] flske] ZIW =Q0EH A=A
SAMAZ &A 67 FHE A2 U 1~15 cm9
TR 8 AL AFESE T Agrobacterium FEM| A E 2
2Co| A 150 pm o2 ufjoFsto] HALS F= - 213 7,
Nztom Az 9 ARAYL AT, 2715 WA stop
2C o A 150 pm & &2 104 F2t v Fatact HE &, A
2= Jorge 5(2011)9] Wio] wet e o AHA L}
AAE, 2719 HFHE Z4A]7] 5, acetosyringone 0.2
mMI} proline 1.0 mMo| A 7}E FEuoF v X|(MS salts, LS
vitamin, TDZ 5 mg/L, IBA 0.1 mg/L, sorbitol 30 g/L, plant
agar 7 g/L, pH5.8) of] Z 107§ HHAE 103]4 5hsE %
gt &, 2= 25C, F&E 70%, oF AEolA 391 3%
i ATt Agrobacteriume HESHA o2 A AWA=
A7) 23 R ok Hl X(MS salts, LS vitamin, TDZ 5
mg/L, IBA 0.1 mg/L, cefotaxime 350 mg/L, plant agar 7 g/L,
pHS.8)ol 2|4ste FAAS 2= ALgsth 3%
i Foll o HHAE FAA7E H7be A A &3 ol
Z|(TDZ 5 mg/L, kanamycin 100 mg/L, cefotaxime 350 mg/L)
off 2/4dstAaL, 4 7+ 25C, AAFefoll A wfeFstlct. 2
Z= 2o} 1,000 umolm*sec’ FEZ HJYs}T }S 2 = =
oF 2,000 umolm>sec’ FEZ HjoFslAct 5 = Hof| £
ZAJ9] Ak vjR|(TDZ 5 mg/L, kanamycin 100 mg/L, cefotaxime
350 mg/L) = AhufFatach A WA AR =EE 10
T Floll &3t H Alx= AT §ls SAHAI(MS, BA
1 mg/L, IBA 0.3 mg/L, GA3 0.5 mg/L, sucrose 30 g/L, plant
agar 8 g/L, pH5.8)¢f| ©]Al5}o] =4 X171 5, kanamycin 30
mg/L7} A 7FE Z4) v x|(MS, IBA 0.1 mg/L, BA 0.1 mg/L,
sucrose 30 g/L, plant agar 8 g/L, pH 5.8)o| A} A A k5}i o},

P ot

=
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ET Q9 GUS transient expression =

X A E29] QoA GUS transient expressionS 1

7] 915k Agrobacteriumd} Q] AAUAE FF WiF o
37°C o A 5-bromo-4-chloro-3-indole-glucuronidase &4 of] 2]

A A7 th(Jefferson et al. 1987). 24A]7F & destaining -2 K
(70% EtOH+1% glacial acetic acid) &2 &M A]7] & GUS
PAES el 9 AUAE 2APhedTh P T2 A
= Agrobacterium™} % v|oF5tA] kS 9 AHAE A}
g3kt

A=A M3t

I Y2} AAE 5] 91 A3 At 2 IHKim et
al. 2011), ‘At E’ 9] A ESFE-0] =9k MS + LSvitamin
+ Sorbitol + IBA 0.1 mg/L + BA 2 mg/L¥} MS + LSvitamin
+ Sorbitol + IBA 0.1 mg/L + TDZ 2 mg/LE A-g-5}o] ‘74H
Qep, GPL, FRA, Bhehe] Aa AT AR
382 A tH(Table 1), 2=9] 7|U AAo] F&S
wAE AEAAe] BEs 23] B A7S B
BA%} zeatin®] ©-g B & 27} Al 29| A&t ml A
= 93K Goussard 1982), E= 2] Ho} 7]U wjoFA] BAQ}
IBA7} A1z A E3ke} WhLof uj2]= J3KLee and Wetzstein
1990), =2] $1A|of] W2 A% AE3FE9] Afo|E BA, TDZ,
kinetinS T8 9 &8 *2|5}o] 164 12 (Sudarsono and
Goldy 1991), ZE=ofA 4% =0 F4]& feiA= 1L
X9 cytokinind} AF =9 auxino] R 3lcth= A+ 2

Table 1 Effact of IBA in combination with cytokines on shoot regeneration and callus induction from leaf explant and petiole and

stem
_ IBA 0.1 mg/L + BA 2 mg/L IBA 0.1 mg/L + TDZ 2 mg/L
Cultivars explants — - - — - -
Calli induction (%) Shoot regeneration (%) Calli induction (%) Shoot regeneration (%)

leaf 17 0 56 4

Campbell Early petiole 0 70 5

stem 0 12 3

leaf 24 0 43 0

Heukgoosul petiole 0 51 1

stem 0 0 0

leaf 12 0 68 0

Heukbosek petiole 0 73 1

stem 0 0 0

leaf 25 0 52 0

Tamnara petiole 20 2 76 1

stem 0 0 0 0
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T}7F B 15 I tH(Chee and Pool 1983). o] &gt A+
& 48 A3t slotd ARz 2 5, 4
A 913 S0l ge A vA L AL
—.—E} 01—?01] A= IBA 0.1 mg/L + TDZ 2 mg/L %3}
WG4 WAL, GRE, FRA ERh o] 2
uHJJ( AELL TS 2 919l T, o] H3h AEA
HEHY 5o 292 259 24w Al Az
) ﬁg*é A& AF5E9 cytokinind} A5E 9] auxino] T &
sttt AaE E@]%E} Cytokinin®] & & TDZ9} BA
2 2mgl v=2 A3t 23} BA A FLET= TDZ A
SFolA S Az ARShES BT S Yotk ¥
FAoIA el W A9 A ste] glof4 TDZ 1
mg/L A 2]t H T} BA 5 mg/L A 2|tol A =2 Alx A&
35 UEtd dakele= tEd olE g Zpol= AlEY 7t
T FF "2t A= GE HH cytokinin®] FFE} &
EE 7R E AL R BRIt} X F71A] TDZ+= cytokininz}
SALet e 5= EXE dE A 9l o (Nayak and Rath
1997) BEA B A AlZ0] Z4lof 1A YAXEE
A2 Aok o] & &1 Q) th(Huetteman and Preece 1993).
uabx] 2 L= cytokininiFof §le] BA A g Et} TDZ
o A7t 2k FF9 4lx WA AEAE £3H4A17]
& 220 3l A@sicin pedn
= F3ol ue A ARs AdE mw Bu
. e, A Ao dAolol A ALSHE A
2o 27 W ABA WA AR AR AN A

_9.
HIm

LOZi l>
ﬂH
o:

Z E3tEls A BET 4 LA ohFig ). AE 9
oA A7t R3tE = L 2 ufAlof] o4 F 4~5
A7HA = Alz7t YA E A b dAA o v g do] #
e o] wof 1045 Az #3b7h Aol drhFig. 1A). v
2550l HHA =R ool A7 E th&(Fig 1B) ¥
& Szrioﬂé Zé Pa ol Al EA & E3latgich wjor| 7

AA A Hhpef Az27) ZetE= Ao
o HAZTE F71E AlzolM A

A AR AR AEAE SAMABA | mgl, 1BA
0.1 mg/L, sucrose 30 g/L, plant agar 10 g/L)2 71 & &3z
ShiTHFig. 10). ‘WA, BRL, SRAD, Fukep
o HI7HA 55 § AEekEol 7MY w2 M) &

=5 OIQ-OH A] Agrobacterium tumefaciensS ©]-2-3F A A
3 27 AmEgg
AgrobacteriumE 0|8%t L ‘ZHHZ O FANet MYx

a4 48

Agrobacterium2 0]-&3F L= ‘A d) o] =] GAAF W
of QlojA E&= ‘R[uLE’ Q] AL Ad}, acetosyringone
o] M7t A & Zii'l:r“’ﬂ’ﬂL gus FAATE HEEH=
AAAE 4& 4 AR 100 uM 0] AFS] acetosyringone
29Uy $E uﬂxloﬂ HATAE A gus $07 9]
o] e S ™, 200 uM 2| acetosyringoneS ] 2] FS o
Vg 2 wAES ebichKim et al. 2011). TrebA
HAde] FF5 ol &3 o & A4 =Y A AA
I acetosyringone®] A =5 200 M=E A3}t o
WhA o 7 ALY Al Eo) A acetosyringone ] 7Hof wE A
A Freitge FAA A Ao SlojA dAY AlE
e At dFS vAA g Aer dHA ey
(Smith and Hood 1995) %714 A1&ol & eko] &2 A3t
oA S-&HiFul A oll acetosyringones M7 S W B
Aehgol, F7FekA] ok f Kot 48 o] Zo7t o
th= A7} B 11% ¢l th(Belarmino and Mill 2000). ©] 23§t
A= T FEA A acetosyringone] H7F7}F A&
53 E5o) el YAABEE FAAYE o 2
£29098 UEth uehg HEAY EEL olg
Y & AR = AF A= acetosyringoned] A
FEE 200 uME X 2]3}$ 1L, acetosyringone H 7= L
$AA A A7o] FaT 4T T Ao ArHL

IT FAAZ) "o

o

ZF & particle bombardmentE |

Fig. 1 The induction of shoot formation and plant regeneration from ‘Campbell Early’ A. Adventitious shoot from stem B.
Adventitious shoot from petiole C. 4 weeks after transfer proliferating on the MS medium supplemented with BA 1 mg/L+IBA 0.1
mg/L



214

J Plant Biotechnol (2013) 40:210-216

L34 SARE NHA 0T ToJ5H HH(Vidal et al. 2003)
oL} Agrobacterium< ©] 83t FAATYH TS EO R
sto] A agS FHIAT = HFLE o] Fof
2 SFTh(Li et al. 2006). 7L = Agrobacterium< wj7| =2 3t
FAAgHYH o] Wol o] &H o HHA o FFol w
ehAl chopabA 937b ARE ST Te, AREow
= X 9] Z 20|} selection marker, B ¥R A 9 v X 2 A
SolA ZFol7h ik & AtolA = =HlE o AHA|, A
A, 275 TS ARZ AR ST, Agrobacterium
= 0|83 GUS A B a&o 93 vA+= 82
% velelote] HES 2T 2R PuhE"e] 43 o
TFA, o2 AA Y wF F= Aew nm 03004 2HF
% =5 Ago nm 083 3|43to] M3 2ANA gus
AR} are go] 7h =) Urebto 2 (Kim et al. 2011)
Qg o® WES ek TONAY) A2 A Y
29| Aol Agrobacterium®] EE7F SQ23F @lo|gt=
A A7) Qo v (Humara et al. 1999), Al &9 Fo|u}
F&ol wet Bte ol F=7F vjx= gl dAsHA
ZFol7F U= A2 HoK(Seong et al. 2003), Agrobacterium
o 24 g Tyl FUHVEE £Y % A
Hojzltk webd Ha Aol H wal sheelore] A7

e dor e HUAE o8 2 FEAS A

off do o

A

Tol 289 4 9 Aoz Az,

G A A 3of| A8-H pBI121 vector+ reporter gene 2.2 [
-glucuronidase (GUS)E 3E3}slal ¢l 0w pBTWG2D vector
of 71 holl A &2l gt mPAPID+AAE RSk
AEAlOP I SHHA| = FEA]ofH o] AEA <
A% o] F2MAS UehfA oy Ao ks
oA g A3 23 pBlI2L vector7t =Y E A=A
2578 Aok Adzxs A BFEsSAY A% sMe
Hoz|uk pBTWG2D vector7} =1 H A &A= H
o) A7} A B3LE QI ThFig. 2). A &0 FAATA A
ol Abg-H = AlzAl Aoy A A A
o] B, BAELE & 4 Qe aRIFe 2 HAAE
AgsHA S FAARE AEAY EAHCR AZE
of gtow GUS Tdoz FAx =i gelstA =
AEA7F 2 E = Tdo] qlth tEAJobH o dpE o
2 gt A YA = AxDAANARE =
Ao Aol 758t A L L (Fig. 3A) AlZoflA oFE] A
o AEAE EA Sk A =S FEelE] 9
3 PCRY} Southern £40] & @3t thA o]th. GUS transient
expressiong 27| 99k A oA AHE A=) o] glofA GUS
Hrgo] 25 LUEbd O 24 (Fig. 3B) 2 AL o &
& AR} Agrobacterium 558 %ol S A A=A

e e

Fig. 2 Shoot regeneration can be observed in leaf and petiole of ‘Campbell Early’ transformed wiht Agrobacterium tumefaciens A.
mPAPI-D expression can be observed in leaf and petiole of transformed ‘Campbell Early’ B. Shoot regeneration can be observed

in petiole of ‘Campbell Early’ transformed wiht gus reporter gene
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Fig. 3 Leaf of ‘Campbell Early’ transformed wiht Agrobacterium tumefaciens A. mPAPI-D expression can be observed in regeneration
shoot of transformed ‘Campbell Early’ B. Leaf explants of ‘Campbell Early’ transformed with Agrobacterium containing GUS reporter
gene

°
o
=
o

>

F = o] FAHMge] 7Hsstthe 74l
Qlth B Aol A Agrobacterium} %%
O] =&} HHA G frof QlojA] A<

Me o g2 A sEs *}ﬁﬁﬁok - Zifli s
AF7kA] 2= 0] A3t A A FSof T3k 3
Al cordl’, el A, =9l Kober 5BB O A
At A Foln & ApA A= 2AutE el HE Y
28] 23}t AAE 5ot e Abu et 2
< OE Bof HsiA ARehEo] w4 gon o dH
A Hobs 32 QAFAA AESE = Az HEo
=T S Woll Al Agrobacterium 5-F S E ©]-& =
o] FAAS | tigt A= ‘2 AIFE o A GUS transient
expression©] H 1% A X THKim et al. 2011) & & EH] AY
Aol ofg AT AT glon & Aol 2R £
E39 WAL FAND 2AE TR ol
I3 I

R
EE
3]

X
?—4 £

iy

r
M 1o oy
Tg‘%(lj).ll-)l

¢

2 (Vitis labrusca L)} 22 o

o §AA 2L e B AR Pt Y
A AA LHo] Fadlth £ ATE HBHFRA

20| ME $ 711 E5e) W2 AgHA ZE A
2 B3 A A L28kgick IBA 0.1 mgLe} TDZ 2 mglL,
IBA 0.1 mg/Le} TDZ 2 mg/Le] 23+of Linsmaier and Skoog
(LS) vitaminS w2 2 7}t Murashige and Skoog (MS) Hl
Ao A HE A, gy, (BTE, (SEA S AEe)
99 zAFAE Y IBA 0.1 mgLe} TDZ 2 mgl S A 7hat
Hj Aol A A A o] A Zoheo] s%= yiith A

2]’ @} F-EHl 3t Agrobacterium strain CaMV 35S promoter
2} GUS reporter -3 2}, kanamycin®] A4S 2= §-3
A7} Q)+ PBII21 vector7} =45 LBA 4404% OFE A] o}
U AgAS 2H8st=s SRR SHA mPAPIDGHA}
£ 7}R| 3L Q1= pBTWG2D vector 7} =915 GV31010]tt.
o B0 FRABAE Qe oz

AZA AL AT S e Bye w
23tk mPAPID S A A7} © o H 7

i
3}
o
‘:l:l"
W) 94 4gs Aat B edas 4 a0 4
_/’\_
?‘
o]

il
o
m}i
[o

ol otEAJolU o] 24 wRo|t}. o|aFt o
gz}l‘g gom Pude o FAMT a s P 9
SHA| ol-8E 4 & Aotk

Ab At

o] =E- 20139 H2ATH Ao ATARI(PI06793 2013)
o 1l 3 sWstALY
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