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Executive summar). 

The project aims to develop ~~m-resistant Ornirhogdum plants of two barieties one from 

South Africa ( 0  rhyrsoides x 0.dubiwn) and one from lnael(0 dubiwn) using pathogen- 

derived resistance. Transformation protocols using panicle bombardment-mediated metbod 

(at the ARO), or Agrokrerium-mediated method (at ARC-Roodeplaat) to deliver genes into 

the plant tissue were developed. 

At the ARO, 0 dubiwn cell clusters were bombarded with four target gene conmuls (the 

riral c o a ~  protein (CP) and replicase (Nib) genes, each under the control of the LBQ3 and 

ASV promoters). Since stable GUS expression was evident in the culhues bombarded with 

all the four constructs, the cultures were transferred to a selective medium suppl-led 

with 80 mgn kanamycin. Following a selection period in the dark. the cell clusters urre 

transferred to the light for a regeneration of transgenic plantleu. GUS expression was  

etident in most of the plants recovered bum the culnuff. Hlmdreds of tramgenic plants uwe 

recovered for each of the target gews and the presence of the selective marker (npTI), the 

reporter gene (GUS), and target gene was verified by PCR analysis. 

The South African team calibrated the system for Agrohrenwn-mediated trans&- of 

leaf tissue as an ahnat ive to nicroprojectile-driven transformation of callus. Plants 

recovered following selection on kanamycin were GUS-positive. Tbe optimized 

Agrobacrerium method was used to transform leaf disks of the South African (hnirhogalwn 

clone with the same constructs used by the Israeli team to transform cell clubm of 0 

dubium using panicle bombardment. Most of the recovered plantlets showed GCS 

expression. The presence of the transgenes was confirmed by PCR analksis. 

Following the molecular verification for the presence of the transgenes, Tbe w a r s p i c  

plants developed both in South A6ica and in lsrael will b e  to pass an impohant bsis: Tbe 

aansgenic plants will have to be challenged with virus infection using either mechanical 

means or by vims-carping aphids, in order to determine whether the selected Omifhogalum 

plants carrying the various hansgews are, infect, resinant lo t h  infection 



The objectives of the project were: 

Genemting virus-resistant Ornirhogafm plants of two varieties, o w  from S o d  Afiica 

(0.rhyrsoides x 0.dubiwn) and one from Ismel (0.dubium) using pathogeo-deriued 

resistance. Establishing transformation protocols using particle bombardment-mediated 

metbod (at the ARO), or Agrokrerium-mediated method (at ARC-Roodeplaat) to delivet 

genes into the plant tissue. The steps for echieking theses goals included: 

1. Establishment of in v im tissues of Urnirhogalum suitable for eansformation 

including the caliiration of the types of tissue, culture media aod conditions for 

plantlet regeneration. 

2. Determining and optimizing the conditions for successful bansformation of 

etiolated cell clumps by particle bombardment (at the ARO), and 

Agrobucterium-mediated transformalion of leaf discs in breeding lire A2 (at 

ARC-Roodeplaat). 

3. The cloning of g&c construct that include h e  viral coat protein(CP) of he 

Israeli isolate of OrMV and virus replicase (Nib) genes. isolated in South 

f i c a ,  each under the control of the UBQ3 and ASVB promoters. 

4. Transformation of Ornifhogafm breeding lines with the gene constructs and 

selection of transgenic plants 

5. Molecular verification of the presence of he target-genes in the regeaerated 

plantlets. 

6. Challenging the transgenic plants with virus infection and estimation of he 

level of virus resistance conferred by the target g e m .  



B. Research accomplishments 

B.1. Activities at the ARO. 

Summay of the main scieotiiic accomplbhmenb of the project: 

Establishment of in vitm tiwoes of OmirL&um saitabk for tnmforrmtion 

Tissue culture and plantlet reeeneration: Two alternative plant ti- wfxe initially 

considered as a possible material for tmnsforrnafion. The first being leaf seaion fiom eitber 

aseptic cultures or greenhouse-grown plants. the second being de-differeotiated cell c l u s m  

from liquid cultlrres. We have a well-calibrated system for adventitious plantld regemmion 

from 0. dubiwn leaf sections. Agar-solidified medium #206 (MS+2 mg.4 B A 4 .  I mgl &3./. 

sucrose) is used at the ARO for this purpose. The second approach, using cell clusters grown 

in liquid culture was initially excluded out of con- for somaclod variation. ~iaificadon 

and a loss of morphogenic potential. We have nevertheless, decided to pursue this approach 

following its maxsfd implementation in wnsforming Liliwn long$'- 0. &iron cell 

cultures were started from callus that developed from basal parrs of plantlets of a selected 

clone from our breeding liws (ATD) propagated in a long-term culture on a solid medium 

#206 in the light This firm. compaa callus was maintained in a liquid medium on a gyamry 

shaker (100 rpm) in the dark until ready to be used. Upon wnsfer to rhe lighr (16 h 

photoperiod at 24'~). this culture became embryogenic and developed plantlets The dark- 

grown cell clusters maintained their regenerative capacity for many months with no apprent 

decline in efficiency. 

Comoetencv of liquid-grown cells for transformation by oarticle bombardment We 

conmwkd a particle inflow gun (PIG) (bat was used to propel 15-3 mg gold pmicles 

coaled with the appropriate co- The plasnid DNA for the particle bomtmrdment was 

isolated h E. coli strain DHSa, purified using plasmid Midi-Kit (Qiagen k., Valenciq 

(2.4, USA) and concentrated to I d 4  prior to bombardment The ratio of 1 DNA to 0.7 

mg gold particles in 9 4 ethanol was used. Samples of 2-3g cell cl- were used for e d ~  

bombanhat  and every sample was bombarded mice. In order to evaluate rhe c o r n m y  

of liquid-grown cells for tmmfonnation cell clustm w z e  bombarded twice si th gold 

particles coated with the plasmid pUBQ3uidA(GUS). The two p b  had nearly 7000 blue 

spots of the transient GUS d o n .  Two important fiodings were evident: f -  (bat callus 

that was more compact appears to be more competent for particle bmhardment than 'I-" 



clusten and, second, that the transfer of the cultures to a fresh medium one upek prior lo the 

bombardment also significantly increased the number of the blue spots. 

Kanamycin as a ureferred selectable marker: Our anempt to use the herbicide Baaa as 

a plant selectable marker did not yield any transgenic Ornirhogalm plants. Obvious 

difficulty in obtaining putative transgenic plants resulted from the drastic response of the 

explants. The presence of I mgl  Basta yielded too many "escapes" u-hle 2 mg/l d tbe 

tissue to bleach and excrete oxidation products into the medium with no obvious shoot 

regeneration. The use of the herbicide Basta as a selectable marker um discontinued in botb 

ARC and ARO because of a very narrow margin be- a concentration lhat is harmful ro 

Ornithogalum and one that allows a reg-tion of non-wnsgenic plank We had similar 

difficulty in the transformation of Lilium l o n g i ~ o ~ ~ m .  which we overcame after changing the 

selectable marker to kanamycin. We have used the same approach in the current project and 

tested kanamycin as an alternative marker also for Ornithogalum. It was clear that uhol 

Ornithogalum cells were exposed to kanamycin there a strong reduction in cell 

proliferation and a total block in regeneration but the medium remained clear uitb no 

obvious excretion of oxidation products or cell death even in concentration as high as 150 

mgl. Kanamycin was found to totally block differentiation and development at 

concentrations as low as 20 mgl, even when applied at a Later stnge when some 

differentiation had already initiated. A two-week ex- of such cultures to kaaamlcin 

was sufficient to cause bleaching and death even when the tissue uw subcultured onto a 

kanamycin-free medium. Kanamycin, therefore, was proven to k the appmpriare selective 

marker for Ornithogalum. 

Construction of bmsiormation vectors: 

Four different gecte constructs were built for transformation pllrposes. Tbese included tu.o 

targd genes: the protein gene (CP) of the Israeli isolate of OrMV (Zeidan et al.. 

1998), and the virus replicase gene (h'lb) isolated in South Africa These were placed 

under the conh l  of one of the two constitutive promoters: the Arahidopsis polyubiquirin 

v o t e r  (UBQ3) and the strawberry vein-banding virus deleted pmmtcr (ASVB. 

accession no. AF331666), and cloned into a pCAMBL42301 vector that bas both npl1 

gene, conferring kanamycin resirtance, and a GUS reporter gene (both under control of 

35s promoter). In the comnmion of the chimeric gem standard procedurrs of DX.4 

Rstriction, subcloning and propagation in E. coli were employed. Firstly, a SOS 

tffminator was PCR cloned into pCAMBIA2301 Kpnl-EcoRI sites to create pC.LMBL4- 



2301-NOS. The SVB deleted promoter (ASVB) and the Aroh~dopsir LBQ3 promoter 

were then PCR cloned into the Hindlll-BamHI sites of pCAMBIA2301-SOS ro m e  

pCAMBIA230 I -ASVB-NOS and pCAMB1.4230 1 -L'BQ3-XOS. The Israeli O r m - C P  

and the South African OrMV I V I ~  genes uere then PCR cloned inlo the BaLIHl site or 

BamHI-KpnI sites of eiiher pCaMBLA230 I -ASVB-NOS or pCaMBLA230 I -UBQ3-SOS, 

respectively to create pCaMBIA230 I -ASVBCP or .%'Ib and pCaMBIA2301 -UBQ3€P or 

NIb. S e w  orientation of the CP gene was verified by PCR and restriction anallxis. -411 

otber constructs were verified by restriction analysis. The conrtnrts were handed over to 

the South African research team at ARC-Roodeplaat. A11 four constnrts with the hso 

target genes gave very good transient GUS expression after bombardment of cell clusters 

grown in liquid cultures. 

Partick Bombardment-Mediated Tmfomation of Omithogohm clyb*rrrr 

Omitbogalum cell clusters with high competency for transformation were hbarded 

with gold particles carrying the cloned vecton that contained the target gene for their ability 

fm to cause transient GUS expression in the cultured cells. Two day3 following 

bombardment with plasmid DNA tbe bombarded cells w e  d t u d  onto k p d  

proliferation medium #206 supplemented with 80 mg/l kanamycin for prolonged selectiao in 

shake flasks in dabess. The cultured cells were subcultured into a 6-esh medium at 1-2 

week intervals. The 0. dubiwn cells were kept on tbe proliferation medium for 6 maoths fm 

the development of clusters of transformed cells prior to the bansfer to tbe %-tian 

medium in the light. Following the prolonged selection in the pro l i fdon  medium the dark- 

grown cell cultures were bansferred to shoot regeneration medium in the light (16 boun 

photoperiod). Plaatlet regeneration in Omirhogalwn UJ~S induced on MS medium dewid of 

any grouth su-ces, with 3% sucrose and 50 mg/l kansmycin. Upon mgenedon, plants 

were transferred to agar-solidified MS medium containing 50 mg4 Lanamycin for continued 

plant growth and development. It is worth noting that the developed plantlets were. initially, 

highly viweous. It look several months on an Agar-solidified medium for hese plants to 

recover h m  tbe hyperhydricity and develop into normal-looking transgenic plants. This 

caused an unforeseen &lay in the projecl. The entire pathway for the developeat panicle 

bombardment mediated transformation of Omirhogalwn dubium is v t e d  in plate I. 





primer and 0.75 units of Taq DNA pollmerase. The reaction nm 2 min at 95'~. follo\\ed b>- 

35 cycles of 60 sec at 94'~, 45 sec at 57'~. and 90 sec at 7 2 ' ~  with a final emension aI72Oc 

for 5 min. For amplification of the GUS (uidA) gene the forward primer 5' - GAC GGC 

CTG TGG GCA TTC AGT CTG G - 3' and the reverse 5' - GTG TAG AGC ATT ACG 

CTG GCA TGG A - 3' were used, resulting in amplification of 487 bp fragment. For the 

amplification of OrMV-CP gene the forward primer 5' - CG GGA TCC ATG GGC AAA 

ACG AGA TAC ATT TCA G -3' and tbe reverse primer 5' GG GGT ACC TCA CAT ATT 

AAC ACC AAG TAG TGA ATG - 3' were used resulting in amplification of 900 bp - tbe 
entire length of the clowd gene. For amplification of tbe replicase (.W) gene the forward 

primer 5' - GGA AGG GTA CAA CAA CGT GCT CAG -3' ad tbe reverse primer 5' - 

GCT ATC GAA CTG TGA GCC GTC AGC - 3' were use to amplify a 490 bp 6ag111ent. 

The PCR reaction was performed in 30 p1 reaction volume as above. PCR pmducts were 

separated on 1% agarose gels and visualized with ethidium bromide. 

The putative transgenic plants of 0. dubium were analyzed by PCR for the pmemx of tbe 

transgenes (Figs. 1 ad 2).Tbe presence of the nptll gene was mntirmed in all of the 

analyzed plants, as was expected since the plants were maintained on high levels of 

kanamycin though all stages of development. In fact, the majority of tbe plants showed co- 

transformation of both tbe reporter gene (GUS), the selectable marker (qII), and the targd 

gene (CP or Nlb).ln some plants, however, the presence of GUS was not confirmed 

indicating a possibility for genetic recombination (Fig. 1). 

Mokuhr verijiation for the presence of the gena 

An important issue to be dealt with suc~essfully in order to fulfill the ori& objectiva of 

this projed is that the hansgenic plants will have to be challenged with virus inf& in 

order to estimate the level of resistance, if any, conferred by the tmge~ gews  This has bern 

done in other plants using e i k  mechanical means or by ~ ~ i n g  aphids. 

Omitbogalum plants grown in commercial fields get infected readily by ~ ~ i n g  

aphids and the entire propagation stock gets totally infeaed and become wmmacially 

wortbless in the third year. Infecting the transgenic plants artificially bar been proven to be a 

challenge. Virus was extracted &om virus-infested Omirhogalum plants by grinding with 

mortar and pestle in the presence of phosphate isolation-buffer. Conml (noabansgenic) 

plants were sprayed with abrasive carbonmdum powder and the virus nas applied to the 



Fi. 1. PCR analysts for ihe reporter gene (GUS), the seledabk marker (@I), md Lhe Wget CP 
gene in putative Omithogalum dubium trenstormanb. Lanes marked vilh M pfesmi 1 W 
DNALadder.LaneCoisanunbamformedaxlbdandlanePisihe~radorThe 
plants in lanes 2 and 8 shcw the presence of the npll and lhe CP gene but nd thal of lhe 
GUS repmter gene. 

2 PCR for ihe target rephcspe (Nlb) gene in Omilhogehrm W m  
-. Lanes marked with M present 1 kb DNA tadder. Lane Co m a 
unt rans formedcont rdandLaneP6W~rador .The~gene ismss ighanW 
plant in lane 15. 

leaves, using a cotton-pad. Alternatively, aphids were allowed to feed on virus-infected 

plants and than allowed to infect the virus-free (control) (knirhogcrlum plants Tbe same 

p r o d u e s  were used to infect Chenopodium quinoa and C k n o ~ w n  a n ~ ~ c o l o r  

normally used as test plants for virus infection. Symptoms appeared on the tes( plans sithin 

7-10 days whereas the Ornithogalum plants had virtually no symptoms. The challenged 
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plantlets were tested by ELISA. 21 days afler the infection the frequency of challenge plants 

that were tested positive to ELlSA was very small. ?he highest frequency of infection was 

5W and many times there was no infection at all. Test plants that were used as conml 

plants had, in the same experiments, infection rates of IOW? suggesting thal the problem 

originates in the Omithogalum plant material rather than the vim-extraction method or the 

infection method. Using the virus-canying aphid method did not have any advantage over 

the mechanical method, they both showed very low rates of infection of the Omirhogdwn 

plants. 

The d t s  meant that we could not artempt to subject the transgenic plants to these 

test before firrtber improvement of the infection methods. In addition we had to clonally 

propagate each and every transgenic plant in order to minimize future false-negative d t s .  

This problem caused a further delay in the culmination of the projecL 

1. Cloning of the O W  comtmcb 

Due to the unsuccessll cloning of the ARC-Roodeplaat constructs into the pCAk4BI.A 

vectors, it was decided to continue the experimental work with the consbucts &@led in 

Israel. These constructs, IS-OrMV-CP (Omifhogdm mosaic vims coat protein gene) and 

SA-OrMV-NIB (Omithogdm mosaic virus replica% gene) are under mnml of either the 

ASVB or the UBQ3 promoter. The constructs were transformed to E.coli and DX.4 u-as 

isolate with a @age# mega plasmid k i ~  

2. Biolistic wnsformation for stable transformation of the Israeli con- 

Orni~hogdvm callus was bombarded with the different Inaeli cwstnrts using the BioRad 

PDS Helium deviceg for stable transformation. Two days afkr bombardment the tiaue was 

&erred to regeneration medium (O.lmg/l NAA and h g / l  BA) sq@anented uith 

8Orng/l kanamycin (for selection). These plates were cultured in the growzh room with a 16hr 

pbotoperiod at 23OC. The plates were transferred to fie& medium with h selection agent 

kanarnycin every 2 weeks. Altbough some shoots regenerated soon after bombsrdment on 

the selection medium, the kanarnycin started to have an effect and the callus which became 

discolored and died off. No successful transformants of the Omifhogalum hybrid .A2 were 

obtained using the BioRad PDS Helium device'. 



3. Leddisk tmnsformation of Agro&cfcriwn with the Israeli promoters 

Agrobacterium twnefaciens strain AGLl was transformed using the consnucts cloned in 

Israel, IS-OrWCP and SA-OrW-NIB under control of either the ASVB or the UBQ3 

promoter. The optimized Agrobocterium tume/ociens protocol developed during 20020 \sas 

used to transformed Ornithogalw A2 leaf disks. Leaves of in viwo plants were d i d  

into pieces and incisions were d e  on the surface to create woundmg sites for 

transformation. The leaf explants were then dipped into the Agrobocteriw cell suspension 

and multivated for 3 - 5 days. The leaves were transfened to prpselection medium with 

250 mg/t cefotaxime. After I I days the leaves were hansferred to selection medium 

containing 80mgll kanamycin and 250 mgll cefotaxime. 

The shoots developed on medium with 2rng/l BA, 0.1 rngl NAA supplemented with (Ukngl 

kanamycin were subcultud to MS medium with 80mgll for rooting. In the previous year 

five putative transgenic plants were selected on kanamycin (Table I). Number .U:I 

traasformed with ASV-nib-OW, Number A2:4 transformed with the UBQ3 IS-OrMV-0 

gene, number A2:9 transformed with the ASV-SAOrMV-Nlb gene, number .42:24 

transformed with the UBQ3 IS-OrWCP gene and number A2:32 bansformed with tbe 

ASV SA-OrW-Nlb gene nwived on selection medium with 80mgll kanamycin All of tbe 

leaves stained blue, indicating Gus activity. DNA was isolated using the GRlelule p h d d  

kit@. PCR was performed on these shoots in order to determine if the GLS and npll  gems 

were integrated into the gemme of these plants. It was found that number A2: I ,  A2:4, A2:24 

and A2:32 contain the burGus gene and plants At:l, A2:9, A224 and M:31 contain tbe 

nprtll gene. Therefore, it can be concluded that plants A2:I. A2:24 and A232 arr aabk 

transformants (PCR results in previous year report). 

Folrrteen more putative transgenic plants, numbers 41 - 54, all uansformed with tbe 

ASV SA-OrW-Nlb gene construct (containing the South Aliican O W  qlicase gene with 

the sbawberry vein-bending virus promoter), were selected on kanamycin (8Omg:I). PCR 

was performed on these shoots in order to &ermine if the gus, q U ,  O W  replicase or the 

O W  coat protein gews were integrated into the genome of these plants. The pesence of 

the gus gene was confirmed using the followkg GUS primers: GUS inhon L aod GES 

inrron R. The presem;e of the nprU gene was confirmed using the following q n  primers: 

nptU L and the nptn R The GUS gene fragment is approximately 1 000 b.p. long and the 

nprtll gene h p e n t  is approximately 700 b.p. long. Fifty ng of DNA was used per reaction. 



The MgC12 concentration was 4mM. Both primen sets anneal at 61 O C .  The following cycle 

profile was used (Table 1. )  

Tabb 1. PCR cyde profile 

Figures 3 and 4 sbow the baods obtained h m  the PCR mactions on 1% agarose gels Tbesc 

results showed that the plants have been stably transformed with the construas and h 

Agrobacterium hcmefmiew can be used for transforming Ornifhogdwn bRediog Lioe A2. 

Table 2 shows the plants that survived on selection medium and wbicb aairrcd positive 

for GUS activity. They also had the conect PCR bands for the gus and rrpril genes Tbw 

were transformed with the Ornithogalum replicase Gene, OrMV-NIb or the Chnirhogdwn 

Coat protein gene, IS-OrMV-CP. 

~gcmJ:Rwpesencsd~~usgens~confmadusigth ,OUSinbmlsndWSnlrmRPrimn.(1)  
v; (2) em; (3) A 2 . m  conbd: (4) A2:l; (5) A2:4 ; (8) A29. (7) -4; (B) A2:D: (8) A2:41: 

(10) A2:42; (11) A2:43; (12) A2U: (13) A2:45: (14) A2:46: (15) A2:47; (18) A2:48: (17) A2:49: (18) A2:51: (19) 

A2:52; (20) ~ 1 5 3 ;  el) A2:W. (22) Gus Gur m 
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Tabk 2: Table listing the putative transformed plants 

Pbmt # Promoter M b  CP Exprrrsiooof PCRrratl for* PCR - 
geac gene GUS.etiviiy GUS- 

f o r h n p ( l  

A2: l S V  I 

A2:4 L W  

A29 Asv 

. U 2 4  m 3  

A2-32 S V  1. 

A2:4l S V  . 
A2:42 S V  x 

A2:43 S V  x 

A2:u Asv . 
A245 Asv . 
A2:M m . 
A2:47 s v  1 

A2:a  AsV I 

A2:49 Asv I 

A2:51 AsV 1 

A2:52 AsV 1 

A253 AsV 1 

A254 S V  1 

. F u a b d  

1 F u a b d  

From the results shown in Table 2 it can be concluded that the following plants are wt stably 

transformed with the gus and nprn genes; A2:9, A2:46, A2:49, A252 A253 and A2:W 
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The putative hansformank were multiplied using leaf material on medium conlaining img 1 

BA and O.lmg/l NAA. These plank will be challenged with he virus in he glasshouse. 

C. Scientific Impad of CoUaboration 

In order to find the most efficient promoters for the use in Ornithogdm mndonnation 

six different promoters were compared at ARC-Roodeplaat for their efficiency to bring 

about hansient GUS expression in Omithogdm callus by miaoprojectile bombadmeat 

Three of them were constructed by the Israeli team and the other three were constructed in 

South Africa Tbe South Afiican compared the fuoctioning of six promotem in callus of 

Ornithogalum A2. Since w one promoter performed discernibly berter than the others and 

all of hem were fimctional and gave more or less the same results, it was decided to use 

UBQ3 and ASVB promoters. UBQ3 was used after proving to be very efficient in dri\ing 

GUS reaction. The ASVB was used because it was found as efficient as 35s in otha ~~ 
as well as being tke of patent restrictions. Tbe Israeli team cloned both the lnaeli i s o h  of 

OrMV mat protein and the NIb (replicase) gene tbat was isolated by the South African team. 

under the contml of UBQ3 and ASVB. These four constructs were used by both 

collaborating groups in the attempt to transform Omirhogalm clones ltring eitba 

Agrobacrerim-mediated hansformation (in South Africa), or the particle acceleration 

method (in Israel). All the construct use include kanamycin as a selectable uwrkex follo~ing 

he m d  decision made to discontinue the use of the herbicide l k i s ~  as a selectable 

marker for transgenic Ornithogdm, due to the narrow margin between cwcentratiom that 

allow "escape" of non-transgenic plants and the one that caused necrosis and cell dcetb. 

Calibrating the metbods for artificially infecting plank with virus should be awtbcr ism for 

wllaboratioa The inefficiency of the present infection methods is &dent in both South 

Africa and 1-1. We need to improve these metbods in order to verify tbat the bmqcnic 

plants are, in fact resistant to virus infection and put k m  to a test in both countries. 

D. kr ip t ion  of Project lmpad 

The Agrobacrerim method seemed to be more efficient for the South African Chnithogalm 

than the biolistic transformation method. In con- the Israeli self-constructed panicle 

inflow gun (PIG) used for biolistic transformatio~ was found very efficient in transforming 
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the Israeli selection of Omithogalum dubium. In fact the system is so efficient that h e  

number of putative transgenic plants is too large to handle. The BioRad PDS Helium de\ices 

was found by far less efficient than the selfconstructed inflow gun assembled a! a fraction of 

the cost a! the ARO. It is possible that chis gun is a! least partially to blame o w  of h e  

reasons for the unsuccessful attempts by the South African team to transform callus \ia 

particle bombardment. Agrobacferium-mediated transformation is usually less effective for 

the bansfonnation of mo-tyledous plants. The research team a! ARC-roodeplm 

calibrated the system for Ornilhogalum. Tbe knowledge gaiwd in this project may prove 

very useful for future tninsformation of other bulbous crops. 

E. Strengthening of Developing County Institutions 

Techniques learned and the lmowledge gained bom the project using either he 

microprojectile technique or Agrobocrerium-mediated transformation could be used for 

future transformation protocols for other bulbous crops. many of which are indigenous to 

South Africa. In ARC-Roodeplat, there is an active breeding program of k h e d k  an 

impomt  flower bulb, which is also a f f d  by the same virus. In addition, he system could 

also be used to hansform other Crn,ifhogalum breeding lines with other genes of meritr. like 

ones that confers resistance to bacterial diseases such as Enviniu, which is a major cause of 

yield losses in Chnifhogalm, in k h e m l j a ,  Zanthedeschia, as WEU as in many otba 

bulbous crops. The transgenic plants, if proven to be resistant to the virus, coukl be 

distributed as such following rapid commercial propagation. Altanatively it could be u s d  as 

a source of virus resistance in the active breeding program aiming to offer high quality 

propagation material for the growers. 

F. Future Work 

In published reports on attempts to transform various crops for virus Rsistmx two hqp 

are evident The firsf is, that target gene does not have to be srpressed in order lo prompt 

resistance to the virus. In fact in most cases, v i m  Rsistaoce is induced by gene silerming 

rather than expression. Secondly, the presence of the v i n ~ ~ - m s h a c e  geae in he transgenic 

plants does not necessarily mean that the eaasgenic plant is a d y  resislant. C q t l y .  

trausgenic plants have challenged with virus infection in order to confirm Lbeu nate and 

level of resistance to virus infection. The rate of che con f i ed  infection using either 

mechnical means or by virus-carrying aphids was too low for confirrmng ulmh the 
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transgenic plants are in fact resistant. The method of infection has to be perfected in order to 

bring the project for its successful conclusion. 

Section 11 

Managerial issues 

None 

Budget 

As per previously submitted invoice 

Now 

B. Colhbontion, Tnvcl, Tnining lad Pnbliatioas 

Results of this project were reported, in part, at the IX- Symposium on Flower-bulbs held in 

Niigata, Japan in April 2004 and was published as a paper: 

Coben, A., et al. 2005. Particle Bornbadrnent-Mediated Transformation of Chnithogol~m 

dubium for Ornithogalum Mosaic Virus Resistance. 

C. Requests for American Embassy Tel Aviv or AID actions 

Now 


