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ｊＦ∂ゐαczg池丿澗-mediatedgenetic transfbrmation of camation (1)ianth14scaryophyHusL.)

using leaf explants derived fi7om 訥ｙ治’Q plants･

　　　Chalermsri NONTAswATsRI‘ and SeiichiFUKAI

　　　　　　　　　　　　　　　　　　　　　　　　　　　　Abstract

　Genetic transfbrmation of leaf explants fi･om jl vjzm plants of five camation genotypes （ Killer，Laurella，

Master，Setono-Otome，and Tanga）was developed using jg?･Qゐαcze池丿剤zzj刑弓/22cjglAGLO with pKT3

plasmid consisting of GUS and NPTIl genes.　Preparation of explants was an important factor to obtain the

transfbrmed plants.The GUS-stainingarea Mzaslocated only on the cut end oftbe leaf explants.0nly those

explants with a cut end close to the leaf base （connectingareabetween node and leafl）produced GUS-positive

shoots， The transfbrmation efficiency of leaf explants from jz2吻g plants variedレdepending on the genotype

and the position of the leaf on a shoot.Cultivar Master produced the highest mlmbers of GUS-positive shoQts

followed by Setono-Otome，Tanga，Kiner，and Laurella.AIl the trans盆）rmantsgrew and flowerednorTTlally.

No visible variation was observed.

Key word : jg?･必acze,仙刑，camation，genetic transi1〕rmation，leaf explants.

　　　　　　　　　　　ブAbbreviations

　AS，acetosyringone ； G418，geneticin disulfilte;･GUS，

β-glucronidase ； IBA，3 -indolebutyric　acid ； MS ， Mu-

rashige and Skoog ；NPT II，neomycin phosphotransfbrease

II； TDZ，thidiazuron.

lntroduction

　Several≒protocolsfbr genetic transformation of carnation

usint no面explant恥ツ｡14）and leaf explants （5j have been

reported.hl these protoco知，explants were derived fiom

greenhous（plants　because　such　exp!ants　were　more

susceptibleﾌto jg,･。知cr6rjzj謂than jl vjか∂explants（5）.

Therefore，fbw protocols for genetic transformation using j｡

vjzm plants ｀areproposed.ln this repo祗　we propose a

protocol for genetic transformation of camation using 訥

vjZ?’aleaf explants with an emphasis on the importance of

the　cut　end　position　of explants　fbr successfiﾕl　genetic

transfbmlation.･

Materials and methods

Five gen（jtypesof camation （Killer，Laurella，Master，

Setono-Otome，and Tanga）were cultured on MS medium

containing　l mgl‾1　BA，0.1mgl- I　NAA， 20 91‾1

suむrose，and 2 91‾1 Gellan Gum for a period of l month（6）.

The leaves were detached fiom the first（the top，mny

expanded leaf）to the sixth nodes of the j,2yjZrQ mother

plants.ThQse leaves were then cut into 3 mm long explants

coptainilig thg leaf base （connecting area between the leaf

and the stem）｡

　IIl order to ･verify the regeneration ability of each

genotype，100 explants were taken fi･om each node position

of nve genotypes and cultured on MS medium supplemented

with 0.5mgrl lBA，0.22mgrl TDZ，20 91‾l sucrose。

　and 2 91-I Gellan Gum｡

　Subsequently 100 explants firom each tlode position of

five genotypes were used in the genetic transf印即ation test.

The jg,･Qゐ,2crgrjzj澗zzj刑咤/2ldg政sAGL0，containing a binary

plasmid pKT3 vector consisting gf NOS-LI-GUS and 3 5

S-L-NPT II（21was used.Bacteriawerecultured overnight

in LB medium at 27℃under dark conditions.The bacteri-

al density was 祠usted to O. 5 （OD600）with the solution

of lO mM glucose and 100 μM AS. The explants were

immersed in the jgrQゐαcZa･jzjz?lsuspension，blotted brieny，

transfbrred onto a filtirpaper moistened with 5 0 μM AS in

a　plastic　dish，and　then　co-cultured　fbr　5 days.The

explants were transfbrred onto MS selection medium supple-

mented with 0.5 mgl-I IBA，0.22 mgl-I TDZ，20 91-1
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sucrose，20 mgl-I G418，250 mgl-l cefbtaxime，and 400

mgl‾1vancolrnycin.The explants weresubcultured every

month onto a fiesh selection medium in which G 4 18 con-

centration was gradually increased fiom 2 0 to 40 mgr1

AIl the cultures were incubated for a 16 h photoperiod at

μmolm‾2s‾l at 25℃.

　
６

・
　
り
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　Explants and regenerated shoots on the §election medium

were subjected to a GUS assay according to the method of

JefTerson‘8'.The　nul!lbers　of GUS-positive　shoots　per

explant were recorded｡

　Genomic DNA was extracted fion1 10 g of young leaves

of GUS-positive plants by the CTAB method，as modified

by AUanabi gz�ク9)for removing polysaccharides in the

extracted　DNA.PCR　and　Southem　blot　analysis　were

perfbrmed as described in our previous paper‘ 2'･

Ｊ 〃
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Results and Discussion

　First，the explants with base areas at various posltlons

were inoculated with j.lzl－1/kjez7s and subjected to the

GUS assay.　The results showed that the GUS-positive area

was located only on the cut end of the explants.　Although

the】eaf explants had large wound areas，the transformed

cens were located only at the cut ends of the explants. When

the cut ends of the explants were at a distance fiom the leaf

base，the explants fililedto produce GUS-positive shoots

（Fig. 1-A），while the explants whose cut ends were close

to the leaf base had GUS-positive cells at the leaf base （Fig｡

1-B）and produced GUS-positive shoots（Fig. 1-C）.The

study previously conducted by us revealed that regenerable

cellsvverelocated only at the leaf base （6）.Therefbre，

preparing explants in which the cut end is made close to the

leaf base is the key to success in obtaining transfbrmed

01･4ll5
k'll､i

ﾍl.Iりμ

Fig.1　GUS assay of exp�nts･regenerated shoots and acdimatized plants，and nowering of transformed 5

genotypes camatlons.

Ａ

Ｂ，

:GUS assay of an explant with the cut end at a distance fiom the leaf base（arrows）.The GUS

staining a;ea was loaated only on the cut end （arrow heads）.

C : The leaf ex lant with the cut end close to the leaf base （arrows）had transform cens at the

leaf base area
?;rrow

heads）and produced GUS-positive shoots（C）.

GUS assav of re2enerated shoots in vitro（CO），a shoot and a flower bud fiom acclimatizedD : GUS as

　　plants（

ｒなe回票旨比忿昌ぷ営

　　　　■　　　㎜　　＝　　　Ｊ　　　ＪF : Five genotypes of transformed camations showed nomlal growth and were true to type

-

Ａ４

４

OLIVE 香川大学学術情報リポジトリ



６

s
l
u
e
l
d
ｘ
ｅ

／

Ｓ
ｏ
ｏ
ｑ
ｓ

ｐ
ｅ
ｌ
ｅ
Ｊ
ｅ
ｕ
ｅ
６
ｅ
』
・
Ｏ
Ｚ

１

０

NONTAswATsR】and FUKAI : Genetic transformation of carnation using in vitro leaf segment.
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Rg.2　Effects of leaf positiQn and genotypes on adventitious shoot regeneration and GUS-positive shool production.

shoots.ln case of explants with the cut ends at a distance

行om the leaf base，althoughA.誼謂咤βzdgzzj could transfonn

the cells at the cut ends of the explants，those cells could

not p･roduce any shoots，resulting in failure to produce

transfbrmed shoots｡

　Adventitious shoot regeneration varied depending on the

genotypes（two to five shoots per explant）and leaf posi-

tions on a shoot，as shownin oUr previous report（6）.

Higher numbers of adventitious shoots were produced fiom

explants delived from the upper position of a shoot （Fig.2）｡

　AIl the five genotypes produced GUS-positive shoots.

Master l!nd Setono-Otome produced hjgher numbers of

GUS-positive　shoots,l　followed　by　Killer　and　Tanga.

Laurena was least productive.Explants derived fiom the

upper position of a shoot produced higher numbers　of

GUS-positive shoots｡

　Due to hyper-hydricity of the initial regenerated shoots

from explants， the shoots were subcultured on MS phyto-

hormone fTee medium until normal healthy shoots developed，

The top parts of the shoots were successfully acclimatized

and grown in a greenhouse｡

　AIl the GUS-positive plants were PCR positive in both

GUS and NPT n gepes（Fig. 3-A，B）.Some shoots，

which were randomly chosen，were subjected to Southem

blot analysis.They had one to three copies of both GUS

and NPT Il genes （Fig.3-C，D）｡

　Some in vitro shoots （Fig.1-D①），shoots and nower

17

buds（Fig.1-D②）from agclimatized plantsw＆e subjected

to GUS assay once again，and were observed to be GUS-

positive.Seednngs　raised　from　self-pomnated　seeds　of

transformed plants were also observed to be GUS-positive

(Fig. 1-D ③)，thus indicating stable genetic transformation

A11 the acclimatized plants，from all the five genotypes，

grew and nowered normally （Fig. 1-E）.No visible genetic

variation was observed｡

　A comparison of the genetic transformation efficiency be-

tween leaf explants from in vitro plants presented here and

node explants fiom greenhouse plants inourprevious report(2)，

using the sameA.zz∂tzがi2d6zlj and plasmid，showed that

node　explants　produced　higher numbers　of transformed

shoots than leaf explants.The difference in transformation

efnciency between the node and.leaf explants may be due to

the size of explants and their regeneration ability.Node

explants from grQenhouse plants produce ten times more ad-

ventitious shoots than &z yifr∂leaf explants.Therefore，the

node explants･have a higher chance of producing trans-

formed shoots.Even though rather low transformation effi-

ciency， the　jji vjtr∂　materials　have　some　advan-

tages in genetic transformation study.　0btained　trans-

formants fiom jylyjzm starting materials are expected to be

clean，and they can be evaluated their characteristics just

after acclimatization.Some genetic transformation studjes，

such as an attemt)ting to introduce virus-resistantgenes into

plllnts，also required clean materials.
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M　P　C　Transf1)rmed plants M　P　C　Transfbmled plants

Southern blot

438 bp

　　　　　　　　　　P　C　　Trans励rmed ljlants　　P　　C　Trans励rmed plallts

Fig.3　PCR and Southem blot analysis of transformed carnation.

　　　　PCR amplification of a 9 54 bp f¥agment of GUS gene （A）and a 438 bp fiagment of NPT n gene （B）.Southemblot

　　　analysis using the NFr n （C）and GUS （p）probes.（C＝negative coptrol （non-transf1）rmed plant），M＝size

　　　　maker，P＝positilve control by pKT3 plasmid）.

　　The protocol presented here is reproduむible and applicable

to other genotypes of camation.　　　　　　　　　＜
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ln vitroの葉を用いたカーネーションの形質転換

　　チャルムシィ　ノンタサワッシィ・深井誠－

　　　　　　　　　　　　　　　　　　　　　　要　　　　　約

　５品種のカーネーション（キラー，ローレラ，マスター，セトノオトメ，タンガ）のin vitro桂物の葉を用い，形質転

換の方法を確立した．なr必aa幽m AGLOおよぴプラｊミドpKT3（GUSおよびNPTⅡを含む）を用いた．ＧＵＳの一過

的発現部位は外植体の切り□に限られた．外植体の調整方法が重要であり，葉の基部（葉が茎に付いていた部分）が外

植体め下端にある場合のみGUSポジティブなシュートが得られた．上位節ほど再生能力が高く，形質転換効率も高い傾

向にあった．形質転換効率は，マスター，セトノオトメ，タンガ，キラー，ローレラの順で高かった．得れらたカー

ネーションは正常に生育・開花した．　　　　　　　　　　　　　　　　　　　　　　レ
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