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Vetiver ({m ciamipides. (L) Nash} has beenmdelly'used |5c'rutH Chma ﬁm ﬂmonw“ LT DR G L
control and ecological restoration, but it cannot be used in Nurth Chmh dué ‘tmpom rﬁslsﬁanm to Y
cold. To better improve the cold resistance of vetiver, a method was established to enhance cold | |

resistance of vetiver. 2.4-dichlorophenoxyacitic acid (2 4Dy and &Bmij;'ladenme (6 BA) at a

concentration of 1.0 and 0.5 mg I', respectively were most successful in md‘ucmg embryomc calli,

with an induction frequency up to 96.7%. Cytology observation pmved »that embryomc calll

ongmated from epidermal cells and parenchyma cells of v mﬂmx,_and farmed typu:al embryonic

structure of monocotyledon. The reseneration ability of embryonic caJJL could be mamtamed for

over two years, and the regeneration frequency was over 80% regardless of mbmlmre times. Plant

expression vector pl301UN-ois A was constructed by inserting the gfsA gene digested with Sac

I'’Xpn I into Multiple Colony Site (MCS) of binary vector p1301UN. The freeze-thaw method was

used to mobilize the recombinant plasmid into DH3a. Both Restriction analyzis and DNA sequence

analysis confirmed that the construction of plant expression vector p1301UN-of5sA was successful.

Moreover, an efficient genetic transformation system of vetiver was determined as follows:

embryonic galli were mfected with 4. fumefaciens EHAIOSIplB@l (ODg=0.4-03) for 20 pun..

and then transferred to co-cultivation mducttotn medmm (CIM) in the dark at 25°C for 4 days;

thereafter the infected galli were selected on sc:reeninginduchon medmm (SIM) in the dark at 25 °C

for 4 weeks. Using the optimized protncol 18%, of the infected calli. were hygromycin B (Hyg B)
resistant. Transient integration and expresmun we:re cmﬁ:med by GUS assay.
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Vetiver (Iefiveriag 6&&’.{&&%& (I.) Nash)? a peﬁmmal monocatyledon native to the
tropics, has been widely used in South China for the purposes of soil erosion control and

ecological restoration (Xia ef al 1998 Xia, 2004] Hnweve:r this plant can not thrive in
low temperature, zo0 if iz djﬂ?icult to be d:ssemmated in North China in spite of the fact that

the demand to vetiver m North Chma 15 becommg mcteasmgl}r urgent for the above
purposes. Therefore, it neces afy bo nnpmve the mid toierance of vem'er through =
bio-techmques. i i U
Genetic engineering opens a new av&nue m mprdve cald tol&taxme of plams Genetic
ansformaﬁon mediated by Agmbactermm l‘wnefaczm was ﬁrst repafted in the begmmng

........

become the standard meﬁmd to genehc it i MOdIf}' damtyledonous plants. Repeatable and :
efficient Agmbacterzwn-medmted ttmsfarmaﬁon of monocotyledc-ns was demonstrated

first in rice over 10 years ago (Hiei ef a.!, 1994) The key factors in this method are a
‘super-binary” vector and the addition of gggj" ringone (AS) to co—cult:wahm induction
medium (CIM). Subsequently, Agrobacterip—+——t=* 9 of many plant
| ~ species, such as barley (Hordeum vulgare) (T mailto: xuahanp@scbg ac. cn may:) (Zhaa et | it
al., 2001), and Italian ryegrass (Lolium gy Ctrl+CIu:k to follow Imk T

’|||i11 H,
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Efficient regeneration system is the foundation of genetic transformation. Embryonic
cally are an effective approach to enhance regeneration frequency, such as sugarcane

- (Saccharum spp.) (Ahloowalia & Maretzki, 1983), bermudagrass (Cingdon dactulan) (Li
& Qu, 2004), rice (Onza sativa) (Noor et al., 2003), and alfalfa (Medicago sativa)
(Szucs ef al, 2006). However, up to now, very few related studies on vetiver have been
reported except for fn vitro culture studies of vetiver (Mugcciarelli ef al, 1993: Ma ef al.,
2000; Ruth ef al , 2000). TR ‘ LIRS

Trehalose, a non-reducing disaccharide synthesized by gfsA gene. is broadly used as
4 protectant of enzymes and membranes in many microorpanisms under adverse |
environmental stresses such as drought, salt and cold so that it can enhance the resistant
ability of plants (Crowe ef al 1920; Drennan et al, 1993; Strom & Kaasen. Rt ey VR 1 ALY
recent years, many transgenic plants with gfsA pene, for example tobacco (Micotiona,|| |||
tabacum), potato (Solanum tuberosum) and sugarcane have been developed through ‘
apphication of new bio-techniques such as electroporation, microprojectile bombardment
and Agrobacterium-mediated transformation (Gedduyp ef al, 1997; Yeo ef al, 2000:
Wang et al, 2003). Among them, Agrobacterium-mediated transformation is often
preferred over other plant transformation systems because of its simplicity, low cost, high
transformation efficiency and low transgene copies integrated into the plant genome
(Ishida ef @l , 1996; Matzke ef al . 2001; Dong & Qu, 2005).
This present study aims to enhance the cold resistance of vetiver by transforming
Qliih gene into its cells through establishing an efficient regeneration system, a plant
_expression vector system and an Agrobacierium-mediated transformation system.

Materials and Methods

Plant materials and media: Vetiver materials collected from the nursery of South China
Botanical Garden, Guangzhou, China was used in this study. After vetiver had grown in
the nursery for one year, its stalks with nodes containing axillary buds were cut using a
sharp sterile sfainless stee] blade. Axillary buds were sterilized with 70% ethanol for 2 -
min.. snd then rinsed 3 times with distilled water and sterilized with 20% Sodium
hypochlorite (NaC103) solution for 10 min ; and with 0.1% Mercuric chloride (HgCla) for

- 20 min. MS basal medium (Murashige & Skoog, 1962) supplemented with different
concentrations of growth regulators was used in this study (Table 1). The media

contained 8.0% gpar and their pH values were tedtq 5.8 then they were autoclaved | ',
atlZI“Cfo ljmiﬂ_ ¥] FEREEEREES ’H‘ B ERY R ER AR |

Bacterial strains, plasmids and vectors: Escherichiai coli DH5a/ gWY (Wane at a1 T
2000) containing 1.431 Kb gfsA gene, provided by Beijing Institute of Microbiology,

- ‘l:‘l'l

Chinese Academy of Sciences, Beijing, China, and binary vector pI301UN (Fig. 1), .

| il | |
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dersvatives of pCAMBIA1301 (CAMBIA, Canberra, Australia), were used in this = LTV
transformation experiment T-DNA of the binary vector mncludes Ubi-lp;omotg;;M[, R LR LU Y

selectable marker gene and gy reporter gene (Ohtagzal, 1990). o
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Enzymes and reagents: All restriction enzymes, T4 DNA ligase and DNAPuﬁﬁpa‘ﬁgd.'; T TAAERRRARA R LA NAR R
Kit were purchased from JaKaRa Biotechnology Co. Ltd., Japan; Hyg B was purchased |||
from Roche Diagnostics Corporation Indianapolis, USA; Rif, Kan, Cef and other reagents
were purchased from Ding Guo Biotechnology Corporation, China, PCR primers were THAVERLY

synthesized by Shanghai Shenpon Biology Coporation, China, and DNA sequence ||
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| | nmse(ylwhen they were 30-40 cm high.
il !Constmcuon of plant expression vector p1301UN- gtzA: According to the sequence of

HIkHb St d 3' terminus of gfsA gene, specific primers were designed as follows: forward
T pnmer mclnded a Kpn 1 recognition site at its 5° end, and reverse pnmer included a Sac 1

recogmtion site. ‘

I LAY
Forward pnmer it GGGCCGGTACCATGAGTCGTTTAGTCGTAGTAIC 3" (m I)
Reverse primer: 5' - GCTACC‘I‘T’I“CCAAAGCTTGCGTAGQAGCTCGCCT 3' (Sac T)

PCR amplification system was 50 ul, and reaction procedure was one cycle of 24°C for 5
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min,30 cycles of 94°C for 30 s (denaturation), 55°C for 30 s (annea]mg) and 72°C for 2

min (extension); a final elongation at 72°C for 10 min., (one c)rcle) Then 1 43 KBPCR T
products of pg{sA, frapments were digested with Sac I/&ml whil;e bmzuy ,wector plSOlUNH (AR
was also digested with Sac I’Kpp I, and then the target fragment was hgated mto Mthple, 1

Colony Site (MCS) of binary vector p1301UN with T4 DNA hgase' to get the plant
expression vector pl301UN-otsA. The freeze-thaw method was,!nsgd to mpbd}ze
p1301UN-otsA into EHA105 (Hood et al., 1993). ' LRI AR P A W)

‘ ' i"‘ | |

The resulted EHA105/p1301UN-otsA was inoculated in YEP hqmd medium at the| i *

presence of 50 mg I' Rif and 50 mg I! Km until ODew reached about 1.0. Then the L AL

bacteria were collected by centrifugation (12,000 g for 1 min) and re-suspended m AAM
medum (Hiei ef al., 1994) supplemented with 200 pmol I'! W(AS) to make

ODew reach about 0.5 for co-cultivation with vetiver embryonic gally, LRV

Agrobacterium-mediated transformation and selection: Embryonic gallj were sliced | i
into small pieces (1-2 mm n dxamete:r),__,gg_j_ then immersed in AAM supplemented with

200 pmol I AS suspension for 20 min , and subsequently transferred to CIM 1n the dark
at 25°C for 3-4 days. Thereafter, the gallj were collected and rinsed with sterile distilled

water and 500 mg 1" gefotaxine (Cef) for several times, blot dried, and then incubated on

SIM 1n the dark at 25°C to inhibit Agrobacterium growth. Four weeks later, the ¢gllj were

subjected to two more rounds of selection. Calli growing wgorously under selection were
then cultured on screening differentiation medium (SDM) for 4 week., 'The incubation

temperature was kept at 25°C under a 12:‘12 hf (dayfmght) photopeuod (cool white
fluorescent light). Regenerated shoots were transﬁetred tmm sc:reenmg rooting medium

’ll I
(SRM) for rooting. \ ! i ..1,. \ | .“' |’. ||'\ | 'J ! ll.‘ .
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GUS histochemical assay: Assay for tranm i élxpr s Il n‘ﬂ'ﬂ 0 éﬂ;o]gene qfas petfcrmed by

|’H||’| bl

histochemical assays with X- (Jeﬁ'etsoh, 87)as the sub;trabé of the enzyme. Fyg B

resistant cally were immersed in the GU'S Hu ?' buﬁ‘m'gu&'t]m'gh lat 3.’?°C and then
observed under a microscope. ”'”' 1
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of 2,4-D even though the media contamed dnﬂ‘ com:_entra of 6-BA (Table 2). On
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Results and Discussion

the contrary, embryonic gglli initiated when | 2"4' ,i W'““lglrl?femt'a mespecmre of (the |

"ul'lll

concentration of 6-BA. The best proportion of 2 4—D 'é’n‘d 6-BA was with a combmahon of

*'I"“" RN RN

1 and 0.5 mg/L respectively, with m:nbxyomc g@u;mduchod frequency up, to 96. 7% From

0TI

above analysis, 2.4-D played a key role in rege:memhon of| vetiver. Ihzs result also has
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been demonstrated in many other species such as m chmrms (Lm et al 2004) and |
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i jGROBAC]ERIUMMEDL&TED TRANSFORMATION IN VETIVERIA

‘ calli came from both epidermal cells and parehchyma cells

Oryza sativa (Naqvi et al_, 200)).

swell two weeks after inoculation. The epidermal ce]ls were active, and their cytoplasm

| became thick and divided quickly (Fig. 24). Momm.'er some deeply stamed parenchyma

cells amund vascular bundles also divided qu;u:kly (F 1g ZB} Thjs mflem that the origin of
In strong divizion areas, cells

with typical embryonic structure could be found, mclndmg smgle c_gu, muple cells, four
cells, and multiple cells (Fig. 2C, 2D). (HA | ‘J '
Every embryonic callus of vetiver was megular Whﬁe g:r:inulose and compact (Fig

2F), and had the typical embryo structure of monocotyledon sm‘l:'h aﬁ scutellum coleopﬁle

and coleorhiza (Fig. 2E). Embryonic ¢alli began to dxﬁ‘&rentiate in the DM (F lg\ | 2G, ZH).

Regeneration frequency of embryonic galli was 92.0% for 18 momhs‘and 81. 6% for 24 i

months, indicating that the regeneration ability of embryonic ggluof vetner ma., stjll very

strong even two years later (Table 3) M I
' it

Constrcution of plant expression vector pl301UN-otsA: PCR amPhﬁcatmn pmducts \

were separated in a 1% agarose gel electrophoresis. Restriction analysis and DNA
sequence analysis showed that the full length of gfgA pene in Plasmid pW was 1.431
Kb, coding 477 amino acids. Bmary victor p1301UN was digested with Sac L'ipn 1 and
then recovered using DNA Purification Kit. Plant expression vector p1301UN-ofsA was
constructed by inserting ofsA fragment digested with Sac L/’Kpp 1 into the MCS of binary
vector p1301UN. The freeze-thaw method was used to mobilize the recombinant plasmid
into DH5a. Restriction analysis and DNA sequence ana.lysx., confirmed that construction
of the plant expression vector pl301UN- m‘sA was successful (Fig. 3). T-DNA region of
the recombinant plasmid pl1301UN-ofsA included Ubi-1 promoter hpt gene, gisA gene
and K5, gene (Fig. 4). One of the vector’s admntages is that pfsA gene inhabiting the
vector is driven by Ubi-1 promoter, which could ﬂeduce the copy number of foreign genes
in transgenic maize plants 30 1t rmght be useﬁ;l m avozdam:e of pene silencing in

.......

d r ' ‘

......

Screening press test to g};g B: ﬁ}g B a strong ce]l|growth mhtbltm has very high
toxicity to many plants and. therefore, is umall} nsed az a selection marker for genes.

Different concentrations (0, 23, 50, 75 and 100 mg 1‘1) of Hyg B were added into IM

respectively, and then embfyomc g@m, of wtma: were culmred on these media for 4
weeks (F1g 5)- AsaresuIL 50 mg 11 Tz, B was a per

,,,,,

~ Concentration of Agmbactemun nmmqfaams Agmbactenwn Mmefacm EHAI OSfp 1301
was inoculated in YEP liquid medium in the presmce of 50 mg "' Rif and 50 mg 1" Km

until ODey reached about 1.0. The bacteria were colle:cted by centrifugation (12,000 g, 1

min) and re-suspended in AAM supplemented with 200 umol 1! AS. The ODerovalue of |
A AM was observed once per hour, and then embryumc ga,u,g were inoculated in the AAM

* for about 20 min After 3 days of co-cultivation on CIM in dark at 25°C, the frequency of
GUS transient expression (GTE) was evaluated by number of GUS- expmssm.g galli over

the number of ¢alli infected (Table 4). The result showed that [h1gh expresmm ﬁvequencv

l

could be obtaned when ODaoo =0 416 (abcut 4 he), then the expmssmn ﬁequency | |
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'Formation and characters of embryonic galli: The axillary buds of vetiver began to

,,t selechon cmceﬂrmon for '
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highest on day 4. and then decreased on day 5 due to abundant prolifer

(Table 6).
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transformation system of vetiver mediated by EHAWSI pl’Bb]I was established as foll‘ows- i

embryonic calli were immersed in AAM snppleme:nted, mth QO@ ’iﬁnol It AS uatil the
ODéoa was up to 0.4-0.5, then transferred to C]M containin 200 pmﬁol AS in dark at 25°C |

for 4 days; thereafter the calli were incubated on SIM cpntammg 50' mg ll MB and
500 mg I Qgﬁm daxk at 25°C to yield resistant mu, T i ". ' ..'g
AR R | | |
Agrobacterium-mediated transfurmahon. Appromately one- to tWo mnnth old llghf
yellowish and compact embryonic ggm were used for tmnsformahon A total of 45 0 galli,
were co-cultivated with EHA105/p1301UN-otsA. After 4-day co mmnlhvatwn fmlbryomc
calli were inoculated on SIM in dark at 25°C for 4 weeks. During the period of selection

with Hyg B (50 mg 1), a majority of calli gradually tumed brown or even died wheteas
some yellowish Hyg B resistant galli were observed taking place 4 weeks after selection.
These Hyg B resistant galli were subjected to a lower level selection (25 mg [ Hyg B) of
the regeneration process. In the three transformation experiments, 18% gallj showed
resistance to Hyg B selection. However, the dﬂerenhahon and growth of Hyg B resistant
calli and buds were delayed for 10-15 days i t‘n pompamson with the control, and some of
them showed multiple phenotypic altemﬁoné su such as yellow wrinkling leaves, slow
growth, short and thin shape. Similar gmwth ,rertafdahm phenomena have alzso been

found in transgenic tobacco, potato and sugarcane due to the over expression of giz

gene (Goddin ef al, 1997; Yeo et al 00'0 W’N'
~ Analyses of Hyg B resistant SB!!L Aﬂe:r 4—déry co~cu1t1vatmn, GUS expression was
observed from resistant galli. Parts of calli had ﬂread} become distinctly blue, mdicating
that T-DNA of vector EHA 105/ 130 lUN-otsA had been delmmed into the plant cells (Fig.
6A). although the GUS expression 1&?&15 Vaned’ anmng them_ Fig. 6B showed Hyg
B-resistant calli after 4 weeks of cultwatlcm Qﬂ SW After 4 weeks of cultivation on
SDM, the gxg,B-resmtaﬂt mgpmuted hud& g 6C) lmt no buds in the contml (Fig.

etaI,ZOOS)
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To our knowledge this is the ﬁrst repmt ;elatéd m geneﬁr: engineering of vetiver. In
this study, a detailed observation on em'ﬂ yonic call

conducted and an effective and stable re genéraimn system for gene transformation was

lj and regeneration of vetiver was

established. 24-D played an mlportant\ role in| the process of embryonic galli

- development. The gally development was from epxdmin'al'. cells and parenchyma cells with
typical embryonic structure of mﬂnocotyledons,. mcludmg ggmdg!g, embryomc bud, il

hypocotyl, scutellum, coleoptile and caleorhjza. The regmeraﬁoﬂ abzhty crf embryonic

cally of vetiver was very strong, which could be mmn:tamed for over two years The whele_ !
| '. tir g tq' sml tm]a. abeut 3—4
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In the present study, plant empressmn vector pIBQIUNmHA Wascm
interting pfsA gene digested with Sac LEpn L ;nto | 1MﬂS of | ,
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| A ‘*"n.m_”'u.ﬂ il "u;,-}w i Il E-resmtzmt calli and plantlets, although some of them showed obvious crowth retardation
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