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(1) PROJECT OBJECTIVE.
 

Short DNA fragments have been synthesized in vitro which code for
 
proteins shown to be high in essential amino acids. These DNAs (spDNA),
 

when fused to appropriate gene promoters, are expressed in Escherichia coli
 

(1). We constructed infectious Agrobacterium (Ri) plasmid cloning vectors
 

that contain, within the boundary of their "T" DNA, the chloranrphenicol
 

acetyl transferase gene (CAT gene). The spDNA has been inserted within the
 

confines of the CAT gene with the correct reading frame maintained and the
 

resultant gene fragment fussed to the Nopaline synthase promoter
 

(unpublished results). We infected potato plants with Agrobacterium cells
 

that harbor the above mentioned plasmid in order to obtain plant cells
 
which possess the Nopaline synthase - CAT - spDNA complex within their 

genome. 
 The primary thrust of this work has been to determine the level of
 
transcription and translation of this gene complex towards the goal of
 

improving the essential amino acid content of the potato.
 

(2) IMPORTANCE OF POTATO AS A BASIC FOOD.
 

Of the eight major food crops which may be regarded as staple, in the 
broadest sense of the word, seven are grain - millet, oats, rye, maize, 

rice, barley, and wheat. The other, produced in greater quantity, though 

on - smaller area than any one of the grain crops, is a tuber crop, the 

potato. It originated in the Andean region where it represents still today 

a major portion of the diet. Meanwhile potato is cultivated throughout the 

world which makes then of more than ordinary interest. 

Potato is very efficient in producing calories per area and time and
 

outranks the cereals in this respect. For the lesser developed countries
 

it is important that it is not only a source of energy but also of proteins
 

(2% in relation to fresh weight). The ratio for calories and protein is
 

adequate for human requirements. The quality of the protein with respect
 

to most of the essential amino acids is very good, only the sulfur
 

containing amino acids methionine and cysteine are relatively low.
 

Therefore, it would be possible to increase the methionine content in
 

the tuber proteins the nutritional value of the potato could be improved
 

tremendously.
 



Hoff et al found little variation in the amino acid composition of 

the proteins of seven varieties of Solanum tuberosum and in tuber proteins
 

analyzed from 45 wild species none was detected with a significantly higher
 

methionine value. Therefore, breeding for a higher methionine content will
 

be difficult because of lack of genetic variability. Any method which
 

would allow to add the trait of increased methionine content in tuber
 

proteins to a variety or breeding clone with many other valuable features
 

without the necessity to go through the sexual breeding cycle which breaks 

up the combination of valuable genes could be of great advantage.
 

An important aspect for the proposed project is that, in contrast to 

cereals, the potato is capable of being infected by Agrobacterium species;
 

in addition, it is quite amenable to tissue culture techniques.
 

Regeneration of potato plants from single cells, protoplasts and callus has
 

been described for potatoes of different origin and ploidy level (8), (9),
 

(10). Also a genotype dependence of the response in tissue culture, 

"tissue culturability", was found. 

Thus, the potato is very appropriate to be altered by gene transfer, 

utilizing recombinant DNA technology; if successful it would mean to have
 

improved a major food crop through this method.
 

(3) AGROBACTERIUM AS NATURE'S GENETIC ENGINEER. 

Agrobacterium rhizogenes causes a proliferation of roots on the 

plants it infects, and this disease has been termed "hairy root". The 

etiology of hairy root is quite distinct from that of crown gall, which is
 

caused by Agrobacterium tumefaciens. The factor in A. tumefaciens
 

responsible for causing plant neoplasms has been shown, without
 

equivocation, to lie on a large plasmid (pTi). Furthermore, a discrete
 

portion of the plasmid DNA (T-DNA) is found in the DNA of the infected 

plant tissue. This T-DNA determines two fundamental characteristics of 

crown gall tumor cells: i) the cells grow in the absence of phytohormones 

that are required normally for cell growth in callus culture, and i.i) the 

cells synthesize unusual tumore-specific compounds, called opines. The Ti 

plasmid also confers on the bacterium the ability to catabolize the 

particular opine that is produced in the tumor. This represents a classic 

example of bacterial transformation of a eukaryotic organism. It has been 

shown recently the hairy root disease, caused by A. rhizogenes, is also due 



to the transfer of plasmid DNA to the plant cell. Also, the hairy root
 

tumors produced opines as well.
 

One strategy for introduction of a foreign gene into a plant by means
 
of a Ti and tumefaciens
plasmid A". 
 is to utilize - small recombinant 
plasmid suitable for cloning in Escherichia coli, into which is known 
fragment of T-DNA has been spliced. This recombinant plasmid is cleaved
 
open at a site within the T-DNA. A piece of "passenger" DNA is spliced
 
into this opening. The passenger DNA consists of the foreign gene one
 
intends to incorporate into the plant DNA as well as a selectable marker,
 
say a bacterial gene for resistance to an antibiotic. This plasmid is then
 
recloned into 
a larger plasmid and then introduced into an Agrobacterium
 

strain carrying an unmodified Ti plasmid. 
 During growth of the bacteria a
 
rare double-recombination will sometimes take 
place resulting in bacteria
 
whose T-DNA harbors an insert: the passenger DNA. Such bacteria can be
 
identified and selected by their 
 survival on media containing the
 

antibiotic. These bacteria can then be used to 
insert their T-DNA
 
(modified with passenger DNA) into a plant genome.
 

It is clear that his protocol can give rise to modified plant cells
 
growing in culture. However, it has proven difficult to obtain healthy
 
plants from these transformed plant cells. It should be noted that the
 
same experimental strategy can be 
utilized employing the A. rhizogenes
 
plasmid and inciting hairy tumors and culturing the infected root tissue.
 

This would appear to be the method of choice as 
the Ri plasmids give rise
 
to transformed plant cells that can regenerate into intact healthy, fertile
 

plants.
 

(4) TECHNICALWORK PLAN FOLLOWED.
 

Introduction of spDNA into A.rhizogenes Plasmid 

Figure 1 illustrates the overall strategy of how to introduce the 
spDNA into the plant. The plasmid pGA414 (Figure 2) has been constructed
 
by F. White and possesses the chloramphenicol acetyl transferase (CAT) gene
 

under the cortrol of the nopaline synthase promoter. The plasmid also
 
contains resistance genes for the antiobiotics ampicillin and kanamycin.
 
The restriction endonuclease EcoRl has been utilized to cut pGA414 in one
 

position within the CAT gene, spDNA has been inserted in this position and
 
the modified plasmid closed with the aid of the enzyme T4 DNA ligase. 
 It
 



should be noted that spDNA, when inserted into the CAT gene, is in the
 

correct reading frame. The resultant plasmid pGA415.10 (Figure 3) has been
 
purified and cut with the enzyme Bam HI. 
 This plasmid has been ligated to
 
the plasmid pFW105 (Figure 4) which has also been cut with Bam HI. 
 This
 

step accomplished the task of insertion of the passenger DNA within the T-

DNA as pFW105 contains the Hind 11117 fragment of the T-DNA found on the A.
 
rhizogenes hairy root plasmid. The plasmid pFWl05.- (Figure 5) has been 
isolated from the previous ligation step. The plasmid can then be
 

transformed into a wild-type A. rhizogenes strain amd several 
kanamycin
 

resistant clones can be selected for the homogeneous product. To select
 
for the double recombination event a plasmid (pPH1JI; Figure 6),
 
incompatible with the plasmid pFWl05-2, will be 
 introduced by
 

transformation. The putative "double recombinants" were then selected by
 

their resistance to kanamycin and gentamycin. These Agrobacterium strains
 
were further characterized by Southern Blotting techniques and restriction
 

enzyme mapping to ensure that the spDNA has been inserted properly within
 

the T-DNA region. DNA sequence analysis will also be utilized to ascertain
 
that the spDNA is within the CAT gene and that it is in the correct reading
 
frame and that all is adjacent to the nopaline synthase promoter.
 

Infection of Plant Tissue
 

Preliminary experiments were carried out to 
 develop optimal
 

conditions for transformation of potato cells by A.r. Besides stem pieces
 

cultured on agar medium section of tuber tissue and stems of 
in vitro
 
plantlets will be utilized. Section of potato tuber tissues have shown
 

strong morphogenetic response when incubated on a basic MS medium
 
supplemented with cytokinins. 
 These tissues were, therefore, also used for
 
inoculation and incubation on 
the induction medium for adventitious buds.
 

The resulting outgrowths will be subcultured on hormone-free medium
 

in the presence of carbenicillin to eliminate the bacteria and select for
 

transformed auxinautotroph cells. Pieces will then be transferred to media
 
with different hormone combinations. Their capacity to induce
 

morphogenesis has been evaluated.
 

In view of 
the necessary exchange of the resulting transformed and
 

control plant material between Peru and USA, the most adequate tissue
 

defined in the preliminary studies was taken from pathogen-tested in vitro
 

material and inoculation and all following steps will be carried out unler
 

aseptic conditions.
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One part of the transformed tissue will be permanently kept on auxin
free medium and transferred to the same medium regularly. Samples of this
 
were 	sent to LSU after an importation permit has been obtained from the US
 
Quarantine. 
Similar tests were carried out by Jesse M. Jaynes as mentioned
 

above to determine if the gene is present and if it is being translated and
 

described.
 

The other part will be propagated and incubated on the optimum
 
regeneration medium which was identified in the preliminary experiments.
 

Plant regeneration in vitro were propagated and transferred 
to soil.
 
Their tubers were planted in quarantine growth room together with material
 

propagated in vitro of 
the original clone. Dry matter, and methionine
 

content of the tubers, as well as of leave tissue were compared.
 

(5) 	RESULTS.
 

Results are presented in the form of published papers (copies
 

attached).
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Increasing Bacterial Disease Resistance in 
Plants Utilizing Antibacterial Genes from 
Insects 
Jesse M. Jaynes, Kleanthis G. Xanthopoulos, Luis Destdfano-Beltrn, and John H. Dodds 

Summary 

The introduction of genes into plants
.notating potent antibacterialproteins, 
drn,'d froin insects, maY significantly 

ulyiment the lerel Of their resistance to 
i,,ierial disease. Usir-g modern tech-
niones. genes of choice can he introduced 
Into piant tissue and this tissue can be 
manipulated to produce viable plants. 
The potato has ben chosen as the model 
.'.'stem. not only because of its plasticity 
of dereloprn.nt, iw'hich allows for the 
relativeh" easy regeneration of whole 
plantsfrom transformed tissue, but also 
because the potato ranks among the top 
four plants in the world in terms of 
economic importance. 

Introduction 

Th "clfre of humaity is incxtricably 
b.ind up with the efcicnt cultivation 
of plants. Plant disese is a disruptive 
and, at times, catastrophic occurrence. 
For instance, late blieht, a disease 
resulting from aninfcction by a fungal 
pathoc:-,. caused th,."starvation of one 
million people and forced the immiera-
lion of another two milion to North 
America owing to its decimation of the 
potato crop (Ith infamous Irish Potato 
Famine of 18.4-60). Ctearly. th- eco-
nomic and social impact of plant 
disease can be substantual. It is esti-
mated that as much as one-third of the 
total crops lost to man can be directly 
attributed ioplant disease. I The loss in 
Just one crop. the potato. associated 
with bac .eral disease, can be as hi 2h as 
25'%, ab 4 biliion US S annuallvi of 
the total worldwide proouction.- While 
plan, bredin[:. the movemen' of de-
sirable traits betwee"n plants by the use 
of the traditional Mendeiian techniques,
has profoundly improved the important 
inheritable characters (particularly 
yield) of the world's mator crop plants. 
tlhere arc inherent weaknesses with these 
methods in relation o the production of 
discase-resistan: plants. For exampl. it 
takes a -rcat amnunt of time. pernaps 

as long as ten years, to introduce, select,and establish a particular trait into a 

plart cultivar and, often, some traits are 
impossible to incorporate by these 
traditional techniques.' 

When confronted with a disease 
problem, the plant breeder has relied on 
the fact that somewhere, among plants 
of the same or closely related species. at 
least one individual can be found which 
retains resistance to that particular 
disease pathogen. This single plant can 
then be incorporated into the breeding 
program by attempting to introduce its 
genes into traditionai varieties that are 
already well accepted. through the use 
of sexual crosses. It is assumed that this 
will eventually produce a hybrid plant 
which retains all of the desirable traits, 
including the new one. resistance to the 
disease. This has been the hallmark ofbreeding plants for disease resistance. 

Disease pathogens. like all other 
organisms of the world, are constanly 
forced on the'anvil'of natural seleciion 
and are \ery cFicient in evcntuallv 
oscrcoming a plant's defenses. So. ,a 
continual war of attrition has devcloped 
between the pathogen ano the plant 
breeder, with no apparent winner 
having been declared, 

One of the main weaknesses of plant 
breeding is its aependenc\v upon sexual 
crosses that are limited to the genes that 
exist in only one relatively small group 
of organisms - the species. Recombi-
nant DNA. the manipulation of genes 
in the test tube. allows the transcen-
dence of inter-species barriers and 
makes novel genetic combinations 
possible.' 

The direct intervention into the 
evolution of domesticated plants on the 
molecular level is possible because of 
advances on several fronts: () tryo 
ability to recenerate whoic plants from 
plant parts and (21 the use of .-tgro-
bacterium to transfer genes of choice 
into the plant genome.' These tech-
niuues alo% us to make gene combi-
nations previousl% impossible to 
achieve by con\entiona! means - to go 
beyond specie, tarrier. and enuo" 

plants with new genes of potentialsignificance. 

Humoral Immunity in Insects 

Humoral immunity can be induced in 
insects by an injection of either live. 
non-pathogenic bacteria or heat-killed 
pathogens. This phenomenon has been 
studied by many investigators in a 
number of different insects. However, 
diapausing pupae of the giant silk moth 
Hvalophoracecropia. have proven to be 
particularly useful experimental animals 
(mainlv because of their large size) to 
study the humoral defense mechanisms 
of insects. When H. cecropia pupae are 
immunized they produce a set of 
proteins which are normally not present 
in the hemolvmph of the animals., 
Immunized pupae of H. cecropia are 
therefore an ideal biolocical system for 
the enrichment of the RNA and proteins 
that are synthesized from the inductive 
genes for immunity. Boman and his 
co-workers have taken advnt.ace of 
this fact, both in the purification of 15 
different immune proteins and in the 
isolation of immune RNA. later to be 
used for the preparation of a eDNA 
bank. After a short period of RNA 
synthesis, the insects respond to the 
exposure of live bacteria by the produc
tion of a potent antibacterial ativity 
which is due to the synthesis of a, least 
three novel classes of bactericidal pro.. 
teins: lysozvme. cecropins. and 
ati.acins." The lysozyme protein is ver\' 
similar to that found in chicken eeg 
white. The three principal cecropins. A.
B. and D. are small basic pro'ecns with 
a comparatively long hydrophobI c 
region. The attacins are larger and thee 
are two main forms: basit. and acidic. 

lysozyme 
H. cecropia lysozyme was purified from 
immune hemolymph and was identified 
as a chicken-type lysozvme. The pri
mary structure of this cnzyme was 
eiucidated by determination of tie 
complete amino acid s-"uencec. A 
svntnctic otigonuci.-otidt, probe was 
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SEQUENCE OF 	MATURE LYSOZYME GENE AND PROTEIN 	 comprised of three major forms (A. B, 
and D). Comparison of the amino acid 
sequences of the different forms has 
revealed a high degree of homology.TGC CGT 7CG CAG 	 7TC GCT TTG CAT TGC GAT CCG AAA CGT TTC AC2 AGA TGC GGGCv.s Ar2 Ser GIn Phe Ala Leu His Cvs Asp Ala Lys Arg 
They all have a basic N-terminal regionPhe Thr Arg Cys Gly and a hydrophobic stretch in thePartial leader peptide/ ' C-terminal part 	 of the molecule.Mature lysozyme 	 It seems that the cecropins are products of

Athree
'T GT'G CAG GAG CTT AGG 	 related genes that, as in the case ofLeu Val Gin Glu AGA CCA GGC TTC GAT CAA ACT TTGLeu Arg Arg Arg 	 Gly AT, ACT AAC TCGPhe Asp Giu Thr Leu Met Ser Asn Trp 	 the attacin genes, have originated by 

gene duplication. Recombinant cDNA 
clones correspondingform 	have been to the cecropin-Bisolated which, whenGTC TGC CTT GTC 	 GAG AAC GAA AGC GGA CGG TTT ACC GATVal Cys Leu "al 	 Glu Asn Glu Ser 

AAA AT. GGT AAA GTT anae bee iolud ichrwhenGly Arg Phe Thr Asp Lys lie Gly Lys V21 analyzed together, include information 
for the entire coding region of the
cecropin-B moleculelo (Fig. 3).AAC AAG AAC CA 7C7 CGA GAC TAC GGC CTC TTC CAG ATC AAT GAZ AAA TAC TGG 

Asn L.s Asn GI- Ser Arg Asp Tyr Giy Leu Phe Gin lie Asn Asp Lys Tyr Trp 	 Agrobacterium: Nature's 

Genetic Engineer 
.. A. AAG GCSA'CC A C' C7 GIA AAG GAT TGC' AAC GTG ACT 	 The bacteria ofthe genus AgrohacieriwnCy~s Ser Lys G% Ser Thr Pro 	 TC"7AAT C G CA have been ofinterest to plant bioloistsGIy Lys A.sp Cys Asn Val Thr Cys An Gin Leu 	 hav eonest top biologitsfor many decades. Long before the 

developments in genetic engineering, it 
C.O ACT7 GAC GCAA"7 AGC GTG 	 GC7 ACG TGC GCG AAG was found that some strains of theseLeu 	 AAG A ' TAC AAA CG bacteria are the causal agents ofcancer-Thr Asp Asp lie 	 Ser Val At A1a Tbr Cys Ala Lys Lys lie Tyr Lys Arg like tumorous growths called 'crown

gall' in a wide range of plants." If a 
AC AA .. 7 GAC G:7 Tra, TAC GSA TGG AU AAT AC dicotyledonous plant is wounded with a

Ills Lys Phe Asp 	 Ala 'IrpTyr 
T AA CAT CA -TG CA sterile needle and the wound is thenGIt" Trp Ly. Asn 	 His Cys Gin His Gly Leu Pro iinfected with an inoculum of Agrobac

tertwn iuniefuci'ns, the area around the 
GAT AT ASz GA -.ound begins to swell within a few5 7Sdi
Asp lie Ser Asp 	 C~s Stop After three to four weeksdays.	 the 
Fig. I.tch ... ' ';J ( i,'!ae u .. ,i( ucd. t'La,;(s (,f i/ Cc'riopial oui:. X.Part,-.:..c Ira/crp*pte 

wound will have de\eloped into a largei ;,.,.ci:1cd hb a li:c ,;Jr ih. ri'.ipi hCc.aiuocnr. 	 cancerous growth. It was of greatinterest for scientists to elucidate the 

causal mechanisms of this cancer
constructed, based on the forming reaction andprotein se- fractionated according 	 it %sas not longtc :heir isoclec-	 until analysis madequcnce, and to cDNA 	

was of Agrohacused isolate 
clones. 	

tric point.' The results frz.mn the amino tcriun to determine if they containedOne clone, pCP701, with the acid sequence of the N-te.-minus of fivelarest insert 	 plasmids which may be responsible forsize of about 420 base of the attacins indicates tne presence ofpairs (bp). was seq uenced and found to 	
causing the aberrant growth. Resultsthree basic and two acid:. forms which were 	 rapidly obtained and it becameinclude the full structural information are slightl%difierent from each other. Itfor 	 clear that the tumor-,nducing principlesthe mature enzyme (Fig. I). The has been suEgested

primary seouence 	
tha: :he\ are the of Agrobactrieu are genes normallyof the mRNA that products of two relatec enes. Two oncorresponds to clone pCP70 	

found a large piasmid (pTi). Sinceand the cDNA 	 clones, pCP517 and pCP521, this time the determination of theamino acid sequence obtained were in wee isolated that corres-and to these factor(s) for the plant disease calledagreement except 	for one residue. More two 	 genes. Comparisor. of the two 'hairy root', adetailied studies, 	 which incluued clones has 
disease caused b\ A.re- revealed 76,, nomolou i rh:iutn,e have also been shown.poated amino a'cid 	sequence determina- the coding region (Fig. " and it has without Couivocat:on to lie on a largetions from difierent lvsozvme become evident that th. ,cenes orili- plasmidpreparations. identified three variants nated from 	

,pRij. These plasrnid., ha\'c a common a:'stral beenof enzyme. 	 -'ne, characterized in exquisiteIt is surmised that 	these are bio-The six attacin 	 form!, ::'ndalieli variants and that all could have 	
i the chemical detail, utilizing the currentlyhemolvmph are probabi produci, oforiginated 	 asailable techniques of recombinantfrom point mutations in secondar. modificatior cf the 1\%o DNA. and the molecular mechanismstheir respectie codons. precursor molecule:. involved in ti:c pian: transformationAttacmns 	 Cecropmns process have begun to N. understood.A turnin--point in plant genetic

Attac.ins are the 	 largest antibacterial The cecropinm
molecules found 	

are the Mos! potent engineering, wa, the discover\ that thein the hemolymph of group of the antibactrna. acior . with bacteriumimmunized ce'cron: ilits it\ response, hy actualls/. pupae, with a a broad spectrum o! anac.ileri.il .c- insrtin. a small tramentmoiecular weight of about 	 of the20.100 iviit\ igainsihoth Grbort:-':ai and hact.ri l Plaisnid lT-DNA. or transferdaltons (2(I ,Da 	 The. are comprised Gram-positiv%." hacteria. T: .". ,iall. Iinto. th-ir i I)\of six dif.'ren: iorrus. ikhici, car he around . tas.. 	
iane nucleus %knere I:an! Tie. 	 i. iiCfrptat into th- nianeare 	 i..tqii.. 

http:anac.ileri.il


genome and functions as a genc.'- This SEQUENCE OF CECROPIN GENE AND PROTEINdiscovery has allowed for the utilization 
of.4,,rohacicriumand their plasmids as 
\chicles to carry foreign DNA into the 
plant nucleus. There are, however,limitations to the application of these 
techniques. Thcy are as follows: (1) the 
plant must be susceptible to infection 
with the Agrohacterium plasmid and (2) 
the tissue-culture technoloey must tstbeavailable for regeneration of trans-
formed plants. These limitations have 
meant that dateto there are no 
successful reports on genetic engineering of cereals, as these plants are 
resistant to Agrolacirium infection 
and it has proven to be less than 
routine to regenerate whole plants 
from single cells.

The potato, an important basic food 
crop in many developedanddeveloping 
countries, is however, amenable to these 
techniques. We have successfully de-
\eloped routine methods for the inser-
tion of synthetic nucleic acids into the 
potato genome.' 

One strategy for the introduction of a 
foreign gene into a potato plant bymeans of A. rhizgenes is to utilize a 
small recombinant plasmid suitable for 
cloning in E. coli into which a knownfra'ement of T-DNA has been inserted. 

Tha recombinant plasmid is then 
clsiNgd ep-.n at a site en.hln theT-DNA 
Using a restriction endonuclease. A
pieceofpasscn-er' DNA is spliced into 
this opening. The p:!ssenccr DNAconsists of the foreign .ene (for cx-
am,ple. the cenes \\ hich code for proteinscontaining anti bacterial acti ity) one 
intcnds to incorpora;tc into the plant 
gcno me and a sclectable marker, e.g.
a bacterial gent coding for resistance to 

an antibiotic. This plasmid is then 

recloned into a larger plasmid and
 
introduced 
 into an Atrohactrtumstrain carryin, an unmodified Ri plas-

mid. During groth of the 
 bacteria, a 


rare double-recombination 
 will some
tmes take place be-lw-eer the homo-logous T-DNA retons rsun 


bacteria whose 
 T-DNA harbors an
 
nser: the passenger DNA. Such 
 bacteri can b- ioenitified and selected by 
te:r survivl, on media containne the 

antibiotiL.. These, bacteria can then be usce to insert their chimeric T-DNA 
into a plan: genome- (Fi, 4). 

At the outset. mosl 0 nur studies 
have cncentralco on the, insertion of a sy nnr o hrsnthetic.enecodiforaproteinhh 
in its content ofessential amino acid. as 

ATG AA TTC TCA AGG TTTATA TTC TTC GTG GCTTTC TTG GTT CTG GCTMet Asn Phe Ser Arg lie Phe Phe Phe Val Phe Ala Leu Val Leu Ala
Leader peptide--/ 

TCA ACA GTT TCG GCT GCA CCG GAG CCG AAA TGG AAA GTC TTC AAG AAA
Ser Thr N"al Ser Ala Ala Pro ,ItJ Pro. Lys Trp Lys Val Phe Lys Lys 

Mature cecropin 

ATT 7 TG kr CGC AC AT, CGA AAC CGT ATT TC AAG GCT GAIle Glu Lys Mlet( i Arg Asn 11e Arg Aslte G1.al L AlaG 13 

CCA GCC ATC GCG GTT TTA GGC GAA GCC AAA GCG CTA GGA TAAPro Ala lie Ala Val Leu Gl' Glu Ala Lys Ala Leu Gly Stop
Fig. 2. Nucicotide and deduced amino acid sequrnce. of the clone encoding for .theprecursor ofcerrapinB. The structure of the leader peptide and te mature cecropin B molecule is indicated by a line under 
the respecire parts ofthe amino acidsequence. 

SEQUENCE OF THE MATURE ATTACIN GENE AND PROTEIN 

GAC GC, CAC CC1 g ;.G CTC, TT AA T- GAT GT7 AC CAsp Ala His GIy Ala Leu Thr Leu Asn Ser Asp 
GZ G= GTG G77 

Gis Thr Ser Gly Ala. Nal al 

A.AA CCC 77T G7T GST AAC GAC AAG AA A7A GTA ASCLvs ' Pro Phe GCT ATC G'T T C CTAAla GIv Ast Asp Lys Asn lie Val Ser Ala Ile Gh Ser Vat 

AC TTA ACT GAT ASG CAG AAA CTA GGC G2T GZA ACC GCT G3A GTG CTG CATAsp Leu Thr Asp Arg Gin GCALys Leu GIy Ala Ala Thr Ala Gly Val Ala Leu Asp 

kAT ATA CAC-AC GST GSA CTA AGT CTC ACG GAT ACA CAC ATC CCC G:; TTC GSAAsn lie Asn Gly Ilis GIy Leu Ser Leu Thr ThrAsp His lie Pro Gly Phe GIh 

GA;..... .. c: , ;-: -- : --- CT ;., CA: c;,
Asp Lys Met Thr Aa2 Ala GIs Lys ',al Asn Val Phe His Asn Asp Asn His Asp 

AT AC5..-:":G AA3 C .TC CC ACC AG- AAC ATG Ccc AT AT GCT AAT c.TA CCTlie Thr Ala Lys Ala Phe Ala Thr Are Asn Met Pro Asp lie Ala Asn Vat Pro 

AAT TTC AAC ACT GTC cCT CC: GC-A. ATA GAZ TAT ATC TT AAA CATAsn Plic Asn "hr \'al GI, GIt GIs AAG ATT C'Tlie Asp "lyr N,"i he Lys Asp Lys lie GIs 

:C,;. T7 7:- A:CC C -7 A:ACC. GAC 777 A,-TC AAT7 C: A.A A: TAC. 7CT 277
Ala Ser Ala Ser Ala Ala Ils "hr Asp Pie lie Asn Are Asti Asp lyr Ser LeI 

SC: A.A A:. CT TT7CAA- PC77- G-----AT: A-C CCCAT TT

Asp GI.%L.s Leu Ast Leu Phu Lys 1 r ro Asp 1nr Ser lie Asp t .tAsn Ala 

Gh I'he LY Lys I' c Asp 
A CC 7CA7C- :::::c- C C AC. CC7 A I 7C 

C 7Clir Pro Phe Met Lys Ser Ser I rp Glu Pro Asn Pine 

a means of increasn, the overall 
nuritional value"of potato protein. Our T7A CT A' 7-. G;.. 
attention is no shifting. however. Gt I'.it ner Leo 5er L.s 1"yr P u slop Sloptoward, the" pos!.i ihl o ustng tboth Fi . i. \ut,ii tu ,i all.. a id am.i uuirni 1t tol,.f ita en, ,'mip t, "niuu, Iornt: w it, st u: titac'i 



GENE CLONING IN AGROBACTERIA also of interest to see how this newly
inserted genetic information would seg
regate and if it is transmitted sexually to 
the progeny. 

DNA 
•T°DNAAlthough terial diseases of po aamjry ofthere are a number of bac-

Bacterial Diseases of Potato 

the economic losses can be attributed to 
just two of them. A short description of
the etiology of these diseases follows.

Bacterial Soft Rot (Blackleg). The
causal agent of this disease is Erwinia
caroiocora. Symptoms occur at any 

Hybrid piasnid stage of plant development and thestems of infected plants typically 
exhibit an inky black decay which 

Gene encoding usually begins at the decaying seed piece
antibacterial (portion of the seed tuber) and mayprotein extend up the stem only a few milli

meters for its entire length. Stem pith(inner part of the stem) is often decayed
above the black discoloration, and 
vascular tissues in the stem are generallyHybrid Plasmid discolored. Infected plants are com
monly stunted and have a stiff. erect 

irimsformat on o growth habit, particularly early in theseason. Foliage becomes chlorot C (loss- Ob0of 
chlorophyll), and leaflets tend to roll 

0 
upwards at the margins. Leafits and. 
later, entiredecline, plants may wilt. slowlyand eventually-. 
 die. Youngshoots may be invaded and killed be'forecm ernce cc. Tubers can be affected
 
with soft rot Ohile in storL,2e or in the 
soil before har\cst, and seed tubrs 

V 
decay after planting. Infection occursthrounh lcnticInfection of pitsuead Is and wounds o,ea-:)jtuial protein regenerationof whole plants 
throuch the stolon end of the tuber inthe infected mother plant (Fig. 6).CBrown Rot (Bacterial il/). The 

'.. 
 causal agent is Pseudornonas soiana-
Fit:. cearum, which is4. Tnrourh In- miro' rrimtnn en:ve., noodmied Ri piiunud%can he 

infectious at any

iorzrn 
 constructedt':cit containrneA tn it-case. Inhienc.% encoutrr file nttactrrial proietn.mi Toe.e neit 

stage of the plan's growth. XVitin. ofnturotaucra ro A-ooictcrio un tlaese stramnt con lie o nc 
peinarnew can be leaves and collapse of sefls ma\b" uscad inme betranrornwd iiss r can rncwe niamani. Tic rcunant severe in young,into w'noit. 

of/ ncreaed highh susceptible varieties. Initiall. 
re'nrra reproaurlticft viab planw. atnd tfieir ec'el 

succulent plants of 
beuezeral a t. rr wn d e c a n t i a, scte a j e us a n d. o nly o ne b ran ch in a h i l l may sh ow 

wi!ing. if disease development is ranid. 
all leaves on the plants in a hill may wiltsynthetic and r-iiied genes as a way of quickly without much change in coior.use A. tumtlacns containing disarmedconierrin. Tubers are also affectednov: iorms of resistance to (non-tumor-formingl piasmids and 

by a general 
potato disease., and pests. re- decay and soft rot' (Fig. 7;.generate transformed plants fromThe potato I. leaf Total losses from bacterial infections_-modei plant for tissue discs. In this case a dru2 marker can in developing countries can amoun: toculture and its r.asucit\ oftie \.iopment be used
allows as an additional selection hundreds of milhion,piants z,b regeerated from permittimg of dollars (L'SS)onlh transformed cellsalmost any pian: part. to annuall and. in particularly bad 'ear,.Itis possible survive.therefore to mmcc: pozato pJant.s with A. it can approach several bililon doliarsAnother advantage in usin,r.::ogenc.% potato is wvorldwide. The extentand :.ducc the iormaton of of los., variesthat it is normally propagated ase.xuallyhair\, roots: tr..se roots can then be 

grcatl. from countr\ to country and isand therefore there are no probiem., ofcultivated and :r,,nsformed influenced by climate and condmtion., ofnlants re- segreation and ioss ofgenerated as s7.-wn (Fig, 
the inserted growth and storag. bacterial so,: ro: is5) In an information

anaiopou: manr: :. it is also possibi-, to 
through tiwc processe., of a mamr facror iimtting the sto-ag-, ofmeiotic recornhtn.,tior. Howeve.: it is potato tubers unu.: tronicai C-{triittr, 
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Lo.s can 
 c n 30- and lO UseofEncodingfarsenal
during the 2- to 6-months soaeBactericidal Proteins to Conferstorag Use of Genes Encoding 
period, where temperatures can be 
between 27 and 32 'C. 

As new heat-adapted clones are 
produced. allowing the potato to be 
grown in lowland tropical conditions, 
control of bacterial disease becomes a 
high priority. The cultivation of gencti-
cally resistant material has so far been 
the only effective method for the 
control of bacterial wilt. However, 
experience has shown that the available 
genetic resistance has a tendency to 
break down if the material is moved 
into climatic zones for which it is 
ill-adapted. Moreover, the genetic basis 
of the source of resistance. traditionally
utilized in breeding. is extremely small 
two Colombian clones of Solanum 
phureia.The reliance on this small gene 
pool has been a concern to breeders and 
plant pathologists for a very long time. 

!51 "~~.. .-
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Resistance to Bacterial Disease 
As mentioned above, the hemolymph of 
an immunized H. Cecropia pupa con-
tains at least three groups of anti-
bacterial proteins: lysozyme, the 
antibacterial protein found in egg white 
and human tears; and two other classes 
of antibacterial peptides: cecropins and 
attacins. Thus these insects have evolved 
a rather successful and novel means to 
fight bacterial infections with a system 
a traditional imn'unologist would think 
lacked specificity. 

Their antibacterial proteins have a 
rather broad spectrum activity and are 
very' effective in killirg many different 
types of plant pathogenic bacteria 
(Table I). With this array of antibac-
terial proteins, a genetically engineered 
plant would possess a rather potent 

. .-


A-

* ' 

composed of three differenthc to 
in different ways to actively 

destroy the bacterial pathogen. This 
multi-level defense system would pre
sent a formidable challenge to the 
invading bacteria, one which would be 
very difficult to evolve a means to 
circumvent. The probability that a 
pathogen would become naturally re
sistant to all three toxins at once is 
rather remote (about I in 1018). Also, it 
has been found that, when used to
gether, there is a synergistic effect 
exerted which will make it even more 
difficult for the bacterial pathogen to 

antibacterialatbceilpoenproteins which appearpert 

" compete. In essen,:e, it was demon
strated that attacir, enhanced the ac
tivity of cecropin and lysozyrne when 
tested together on E. coli. Primary
results obtained in our laboratory 
(J.M.J.) seem to indicate that, at least 
for the plant pathc ens listed.in Table 
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-"-" [ available for assessment of the level of 
expression of these proteins and it willthen be possible to determine the 

YA 
efficacy of this novel app.:oach to
supplement a plant's natural resistance 

pto bacterial infection. Therefore the 
genes encoding proteins derived from 
the humoral immune response in H.cecropiaare an attractive genetic system 
to incorporate into the genome ofplants to protect them from diseases 
induced by bacteria. 

;4:..-',,r, ~ 'S~Conclusions 
a r. ..,,.,,,.' 

-,#.. . 
Genetic engineering offers the possibi
lity of introducing a single trait, without 

.. 

ja 

-
""-:-

"tivars. 

altering other agronomically important
characters, into a well-accepted ortraditional plant variety, providing fora method of 'fine-tuning' specific cul-This technolorv will allow the 
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'.. 'rapidity, 
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 "success 
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i. 6.4 p!r,;tm .',t'd .'h.iE inia(b ,'kl) io en in thetop ph'to'ral. inilie (/,,rotic s chaar /eirizcdh'.ppi.'ra,'u e of :rfoai I ea c aLi-id, l cnd., i,,nire pilaai millent nu'lh. i,,fttlolo i and die.di eThidl /iogrqih i ,o I/i" 'ner'l .iiptonn aft/cuadi 
 e on the tuher ('laractri:dhi"anif, rot. 

Iand for some animal pathopens(Brucelia ahorus), there is a measurable 
synergism between cecropin and 
chicken egE-white Ivsozyme iunpub-
ished results). While the exact modes of 

action of these antibacterial proteinshave no! been conclustvelv determined,
it is clear that their acions are specific 
to prokarvotic organisms and are 
benien to Chane liver cells" and a
r'umber of other eukar-votic cells itt iro 
(unpublisihd results. J. M.J.)

The recent incorporation of a bac-
terial-encoded e ne for hierbicLide

'resistance' and the frefl% luciferase 
pene2' into toracco plants illustrates the
fact that gene transfer, at least in 
d ic o ty le d o no us pla nt . is n oss a ro utin e 
process Furthermor. 
 : has ntl\
been shown rct,that a gene (chloram-

phenicol acetyl transferase. CAT),under the control of a Drosophila
promotor, was efficiently expressed in 
transformed plants'. It is interestineto 
note that the le,,el or expression of the 
CAT protein, from this promoter was as high a5 the level of expression
obtained from the 35 S promoter of 
cauliflower mosaic virus (a verv efficient 
plant gene promoter). These datm 
support our beicf that we can achieve 
incorporation and expression of theantihacteria! gene., in plants. It should 
hL pointed out that. at this time,. e
ha\t not obtained transformed plant
material which contain the insect anti-
bacterial g'enes. hut experiments are 
c urre ntlhunersx%,aldti ,hi h should 

plants ina reasonabl\ short period oftime. These plants \sould then be 

incorporation of desirable and inheritable traits into plants, with some case, 
and with a high probability of

when allied with modem plant 
tissue culture techniques. The use ofthese new methods, however, is not a
goal in themselves and should be 

to conventional breeding in 
to achieve plant modification. 

. Antibacterial activity on represcntative 
pathoecnic bacteria 

L eth lconcentration 

for Cecropin A*
 
Organism 
 (P %1)
O s
 

hsp cies" 0 2F-0 36
 
P.arrteiruiian spccies
P 9S- 1.27 
Erania spccics§.
 11-1.5-28 
Claribacier rihtipanensjis"5"27 
Xontlhomonas species - 1.27-5.77 

The lethal concentration was calculated from 
the inhibition zones around 2inn. (21di totalvolume) wells tn thin agar plates according to
Hulimark Cta!1' SynthleuLc cecropin A has Deen 
shown to be as poteni as the natural cecropin B.21
determinationsThe data represents the averageThe baciena of two separatewere also testedagainst the basic fo-m of the atiacin. All specieswere found to be sensitive. however. onl.%one 
concentration was (075used ,g,.i,l).o\ing to 
tack of sufficient attacin to conouct a leihal 

Ii a.rewi a seis) w rslneirait, socnc.,concntrolswere usedsd aas controls
 
because of IhcTr
extreme sCesitivis\ to the
 
cecropins
 
: Four diicrent l.wuau,,nzna specie, 
 were 
. r d[lerent Erwtiu n cc., Were tested. 

inciudin' the pithoct: which causes :..in rot. 
Ciuamalewr naiot,'umnwl ssai included as it 

causes a rine-roi discas. in potato tubcrb 
"a an tn,,,,,,aspece , A rc thes% n c u d ed a , 

(citru, canke lorexampie,. ahnough none ofmator signiiticanc tn potato. 



"W-: j •or 

z ,,"-t-

v. A 
. , . 

-,' 7 A 
. ..-

.... 
"'" 

W, 

" F ,'_ 
° • ,, /:r"4 4 q I . 

[h ' , 

"~t 
:-' 

-.-
-22'7 

S, 

-_..4 
,,">,.-w. -.. * 

"" *''7" 

.... . - . 

A, , . "10 
S 

- .. . 

., 
 4 

. . 1-7-
" . .. -., " .. "," 

-.r-,-1 .',:-" - - "7o 4 . 
..-
.'- . , ,

I , . ":' . .[ ,'-,--'. ".r' 1'... -- " '' ' "i ' 

.O -, A., - .-

" " " 

-1 

,'a 
' 

:-4.. 

,._Zk.i 

. 

;.
2 


. . . ,- ..Ilk . .. . - ,z= . -:.", "I102,e ... . . ., . -, 

PK. udjrnonas (hatcrialvih) cati hc 
riurutrriz:rJhi a irrr rani,, :' i, h i tim n 

Fig. 7..4 punt rnlti'I srn in th" top phntoraph and i.T 
Thr holion: plhotrrup;,iliustratri ihe.TvIiton. of ttw

di.%rijn tIr tutcr. At ht,. Lrv.mnia. ere can ai.so i a rer exten.sin' jolt rot of the utor, 

When used to.ether, the scope is 
preatl, eniarped for hh possibilt, of 
plant improvement, 

Natural resistanct: to disease and pest 
orcanisms. in plants. is a very compli-
cated process A: present itis an almost 
impossible task tW tce.:!if',. Isolate . and 
chiaracterizc the eer responsible for 
patnocer resistarc \\c beieve that, 
with the introducii:, of the genes 
encodine antihactr: proteLns into the 
plan: ,_-enonc. a cror- Pi.nl's natural 
resistance: to et:r> .atno.ens car, b. 
st-niicantl. au ,mented.

The world i, l V2S: rc,:posito r of 

potentially valuable .cenetic material 
locked within or.:,nisms hy the natural 
barrier. which isola:. species Rccom-
binant DNA iczhn).oo,, allows the 

Earth's genetic resources to be exploited 
b\ providin a means of overcoming 
these barriers. Indeed, the potenttal for 
a ne" horizon in plant breeding is here 
and it may be possible. sometime in the 

near future. to endo plants with a 

permanent resistance to a vartct\ of 

pathogens. 
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Mitogen-Specific Nonresponsive Mutantsand the Initiation of Cellular Proliferation 
Harvey R. Herschman 

Summary sion. Mammary-gland celi. provide a cell culture population that could rever.4hirt,v twun/cr of muic u/ar, ph.fio-
l(Il~( ci! ~ ~ 	

second example, under the influence of siblv and synchronously exit from and~ K/o.(l.a'd ,ic ~~WU~m pregnancy-induced 	 mitocen i'cpuut:./atlf 	 stimulit't~i itt'c-cItrap,it:u"jr)n 	 si i enter ycrnu.these cells 	 into the cell cycle inxtforesponse ntoundergo a hy-r-plasfic as biologically relevant factors. Thc clonala qa/c. c-ctn, r,(otir ','a, . ta:tc. 
/z . to a well as a hypertrophic rcnsc. A thirdh,: cr, 'ti dih 	 murine 3T3 cell line'eocxamplc is that 	 has many, of theof hcpat'teo.cs; thesevtu, , u:t.t('/ in 	 desired properties. 3T3 cells grown int]e c-i':mjit . cells .are stimulatcd to grow. in response, ol,, .i., orcl,.'uto 	 medium withfin 	 hcpalectomy. An altered or inappro-

differing serum concen
trationsvic-i'. To approuch ios proh/cm we 	 exit from the cell cvclepriaLe response to 	 atsienals reculatine densities proportionalh ieoa/t 	 to the serum 

liltcratn 
d m . -.iSTIc 	nonpro- controlled entrY into and cxi: from theuartant. o, S cl/. nari 	 cell cycle forms the basis for 

level ano enter a nonproliferating. 'G,'
rang. of pathologies, a wide state. When subsequentlv exposed to anctt/ hnie.; 	 elevatedtia ar utnaih, it mounlt 	 serum concentration, the cellsa It isdifiicult to study events related to re-enteramogenic response in t-z: animals. G, and. S-12 h after serumaddition. begin DNAIntroduction: Regulation of the 	 synthesis. ATissues are heterogeneous cell popu- varicixCell Cycle in a Multicellular 	 of protein growth facLors suchlations. onlv a subsetOrganism 	 of which will as epidermal growth factorrespond 	 (EGF).to a particular proliferation 	 fibroblastsignal. Existing proliferating cells will 

growth factor (FGF) orWith respect to cel division, individual 	 platelei-derived gro.th factor (PDGF)be randomly 6tstributed abou! the cellcells tn a multiccliular organism 	exist in can also stimulate DNA synthesis andcycle. In an intact animal one cannotthree states. Some cells 	 subsequen cell division- such neurons, disttnuisli a dect effect of :he admin-	
in quiescent

fused muscl- cells or red cells - are 3T3 cells. Fatt\-acid dertvatives such as
 
termin ill', differentiated 

istered agent from effects in response to prostagiandin F2- and
and will never an interr.eoiar\ system, F:ally. the 	 macrocvcltc 
acain dis ide. Otihers 	 tumor promoters such as etradcanoylare constantlv laru, uuantmS of mtogen: pcptioes phorbol acetatecycing FinalIx. man' cels, a an, 	 (TPA) arc also potentnecessar\ forriven 	 in rno expe':ments arettmc. aie in a uuIesc.n: 	 mitogens for 3T3 cells.nonpro- frequentl, proilihilive.liferat.in, state but retain the potential A larger number of events. collec

.velv termed the 'i't response'to re -ente r - in re sp o nse to c e ll-Iy pe.
spifizvecl pro-	

td t io'yp icr n s ,sfnrals-te,rtoen-
seifiratv ycle TiroTus,nforthe Model Systems for Studying occur followinaddtinofmitocenstoquies.cet 37' 
arc 

cells. Thes- nciud- (butnol limited 
n acellsrestinrg. aflhigeflrespons;ve 	 to) chances ininicc will The ideal model to 	 trans. Mtgnssqiset3 system stud\ theunuero anti!--en-driven 	 port of ions and smallclonal expan- mito,_enic response would bn. 	 el.Teeicue(u molecules. a cional phosphorylaton of man. proteins, in
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ADVENTITIOUS SHOOT FORMATiON ON CULTURED POTATO ROOTS 
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Isolated roots of five different potato genotypes were cultured on media for the regeneration of plants. Plants 
were regenerated from four of the genotypes and in two cases the regeneration took place, apparently without an 
intermediate callus phase. Sections were made of this directly regenerating material which appears to form from 
the epidermai layer of the cultured root. 

Key words: potato; adventitious buds; root culture; direct differentiation 

Introduction 

The potato is one of the world's most im-
pui.Lwit crop plants, and is often used as a 
model plant species in tissue culture because 
of its outsta.ding plasticity of development. 
The regeneration of plants has been demon-
strated from a wide sclection of tissue culture 
material including meristems [1], leaf discs 
[2], stem segments [3], callus from proto-
plasis [4], and isolated cells [5]. 

The regeneration of intact plants from culti-
vated roots of other Solanaceous plants has 
been reported both from the root pericycle 
[6,7] and after intermediate callus formation 
[(1 However, there are no reports of the re-
generation of plants from cultured roots of 
potL.o. In experiments in vivo Howard r9] and 
Miedema [10] damaged roots of potato and 
removed the growing apex of the shoct, under 
these conditions small numbers of plants could 
be regenerated from roots, 

This series of experiments was designed to 
study the regeneration of plants from potato 
roots cultured in vitro. This paper also de-

*Editorial Comments 


Abbreviation: MS, Murashige and Skoog. 


scribes the cellular origins of these regenerated 
plantlets to determine whether an inLermediate 
callus phase is formed during differentiation. 

Materials and methods 

The starting material was obtained from 
plantlets maintailhed in vitro in the potato 
germplasm collection of the International 
Potato Center. The selected clones were 
K-2 (AH 78.5262); K-7 (AH 79.5503); BR
63.65 (800222); BR-63.5 (800212) and P-2 
(374080.1). The plants were maintained on 
.Murashige and Skoog (MS) [11] salts medium 
with the addition of calcium pantothenate 
(2 mg/1), sucrose (3% w/v) and agar (0.8%w/v). 
Plantlets were removed from the culture tubes 
and the roots were cut into 3 cm long seg
ments to be inoculated into petri dishes con
taining a number of different experimental 
media. All manipulations were carried out 
under aseptic conditions. 

The experimental culture media contained 
the organic and inorganic constituents of 
MS [11] supplemented with 0.8% (w/v) 
agar, 6 benzylamirio purine (1 mg/1), indo
leacetic acid (1 mg/1) and eibherellic acid 
(10 mg/1). Sucrose was added at six differ
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Fig. 1. Three centimeter long root segments from various Potato clones. (a) Clone BR-63.5 grown on MSmedium with benzylamino purine, without sucrose, indoleacetir acid induces little or no growth; (b) gr-owth ofclone BR-63.65 with MS medium with benzylamino purine, indoleacetic acid, gibberellic acid and 2.57o sucroseinduces small compact nodules of callus; (c) clone BR-63.5 on MS medium with henzylamino purine, indoleacetic acid and gibberellic acid + 1% sucrose induces large friable callus which will regenerate plantlets; (d)growth of clone K-2 on MS medium with benzylamino purine. indoleacetic acid and gibberellic acid with 0.5%sucrose induces formation of large numbers of plantlets directly from the root epidermis. 
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Table I. Formation of callus and adventitious shoots tious shoots. As seen in Table I concentrations 
on cultured potato roots. Measurements were made of sucrose between 0.5 and 1.0% are optimal
after 42 days in culture. Sucrose concentration as indi- for adventitious shoo: formation. These small
cated in an otherwise complete MS medium contain- adventitious shoots are easily excised and 
ing benzylamino purine, indoleacetic acid and gibber
ellic acid. Results in Table I are from three experi- transferred to propagation medium to obtain 
ments, each employit . -O root segments pe: treat- intact rooted plants.
ment. In most cases there appears to be no callus
Clone Sucrose concentration (%) 	 phase involved in the induction process and

this may have significant implications for the 

0 	 0.25 0.5 1.0 2.5 5.0 genetic fidelity of the regeneration system
+b ... areK-2 + + + 4++ C' [13). Experiments now being carried out 

K-7 _ 	 + + + + ++ _ to see how many clouies can be regenerated by
++T 	 K-7++ ++++ 	 this method. 

BR-63.5 - C C C++ C 
BR-63.65 - C C C+ C 
 - Preliminary experiments indicate that 	it is 
P2 - C C C c 	 - also possible to regenerate intact plants from 

- = no callus or adventitious shoots. 

+= adventitious shoots, 

-


CC = callus. 

ent concentrations from 0 to 5% (w/v) (Table

I). The media were adjusted to pH 5.6 and 
 . 
autoclaved at 121 0C for 15 min..,..
 

Once inoculated the roots were cultured at 
 . ... •
 
18-22°C; a liglit intensity of 1000 lux was
 
provided during a 16-h day by Gro-Lux fluor
escent tubes. After 42 days the cultures were .,•
 
scored and histological sections were cut of , 
 r 
the regenerating material. .
 

Tissues were fixed in a chromic acid, acetic 
 .
 
acid and formalin mixture, dehydrated in ., ac4-.-..
 
alcohol and embedded in paraffin wax. Serial . •
 
sections were cut (11 urm thick) and stained " . . .
 
with safranin/crystal violet/fast green mixture 
 ,, - 
[12]. Stained material was observed and photo- ,..-> " ,. . . 
graphed with an Olympus BH-2 microscope. . -.
 

Results and discussion - y ~ - ~ 

Of the five clones tested, adventitious "" , 

shoots were induced in four of them (Table I - x - 
and Fig. 1). In about 30% of the plantlets re- -7t 

"A. %,5 -. "" ' • •,. " generated (whicl numbered several hundred), . - K .' 	 . .. ,, 
a small callus formed and plants then regener-	 Fig. 2. Section cut through a plantlet forming directly
ated from the callus (Fig. 1). In about 80% of 	 from root epidermis in clone K-7 on MS medium 
the cases (a total of more than 1200 plantlets) containinc benzylamino purine, indoleacetic acid,
the shoots regenerated with no apparent callus gibberellic acid and 0.57, (w/v) sucrose. Wax em

bedded material was serally cut in 11 pm sectionsphase 	(Fig. 2). In the absence of sucrose there and staired with saframn/crystal violet/fast green. 
was no induction cl either callus or adventi- (Orig. mag. xl000). 
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Introduction
 

The potato originated in the .ndean region of South American and has 

proven to be extremely important as a staple food (see illustration 

one). It was taken to Europe by the Spaniards and went through a 

process of genetic adaptation to the temperate climate there. The 

crop is now grown in more countries than any other food crop except 

corn. It has 
a role in haute cuisine but more importantly it is
 

utilized 
as a basic calorie and protein source by millions who live in 

the--------~eoh-w rld (see illustration, two). To serve these 

latter consumers, the International Potato Center was formed in 1972. 

CIP collaborates with research and development -agencies throughout the 

world to achieve two basic objectives:
 

- Increase the potato's yielding ability, stability, 'and 

efficiency of production in deveoping areas where it is 

ncw grown, and, 

- Improve the potato's adaptability to grow more extensively 

and efficiently in cold, high regions, well asas in war-m,
 

low tropical regions.
 

The nutritional value of the potato when used in haute 
cuisine is of 

little concern to the consumers of these types of foods. However, 

when the potato is used as a basic food, often comprising more than
 

80: of the diet, its nutritional value is of primar.y importance. 

Protein malnutrition can usually be ascribed to a diet which is 

deficient in one or more of the essential amino acids. There are 

twenty common amino acids which are utilized in the synthesis of 
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proteins. Essential amino acids are 
Lhose ten protein building blocks
 
which most animals, including humans, cannot synthesize de novo. 

Thus, a nutritionally adequate diet must include 
a minimum daily
 
consumption of these amino acids. Essential amino acid content, or 

protein quality, is as important a feature of the diet as total 

protein quantity or total calorie intake. 

Wnen diets are high in carbohydrates and low in protein over a 
protracted period, essential amino acid deficiencirs result. 
 The name
 
given to this condition is "Kwashiorkor", which, is an African word 
meaning "deposed child" (deposed from mother'sthe breast by a 
newborn sibliu6 ). 
This debilitating malnourish6d state, characterized 

by a bloated stomach and reddish-orange discolored hair, is 
more often
 

found in children than adults because of their great need for 
essential amino acids during grow-th and development. In order for
 

normal physical and mental maturation to occur, the above mentioned 

daily requirement of amino acids is a requisite (see illustration 

three). 

The potato, although one of the best sources of plant proteins, is 
deficient in certain essential amino acids. For a number of reasons,
 

it is difficult to envisage that a plant breeding program would be 
capable of producing significant increases in the essential amino acid 
content of the potato. Firstly, the genetics of potato breeding is 
complex which means that increased essential amino acid content may be 
offset by lossa in other agronomically important characters; 

secondly, it is probable that the storage proteins (the main protein 
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components in 
tubers) are 
highly conserved in 
their structure and
 
would be little 
modified by these conventional techniques.
 

The innovative method of 
genetic engineering, however, offers 
a novel
 

approach to 
modifying 
the essential 
a ino acid composition 
of potato,
 

thus increasing its 
nutritive value. 
 'ur approach is 
not to try and
 
modify the ex'isting pioteins of 
the po:ato but rather to 
supplement
 

the 
ex s:ing prcteins with new synthet:_: proteins, which have 
a high
 

content of esseztial a'ino acids. 
 In -rder to 
produce a synthetic
 

protein of knou_ 
a.ino acid compositio:, 
we constructed 
a synthetic
 

DNA fragment w-th the appropriate codc -sequence (the three base 

linear array of 
the genetic code).
 

Construction of 
Snthetic D A Secuence
 

Synthetic DNA, of 
a desired sequence, c-nn 
now be constructed using
 

modern chenical techniques. This DNA can 
then be inserted 
into various
 

microorganisms via 
recombinant DNA technology (the 
recombination of
 

DNA in 
the test tube). 
 The cloning (redlication) and expression of
 

synthetic DNAs, 
that contain repeated c-"dons 
for a single amino acid,
 

can be used as 
a mean to supplement the essential amino acids, of
 

plant protein. As 
stated previously, hzwever, plant proteins 
are
 
deficient 
in more than a single 
essential azino acid; therefore, in
 

the design 
of a useful synth etic protei-, the total 
amino acid
 

composition of plant protein sources mus: be taken into consideration.
 

We have constructed (using a DNA synthesis machine), cloned, and 
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obtained in bacteria the expression of synthetic genes that code for 

proteins with a high content of most deficient essential azino acids 

of plant-derived proteins. 
 The seque-ces for several of 
these
 

synthetic gene fragments were designed 
and the resulting protein
 

sequence was obtained by inspection cf the genetic code 
 (see 

illustration four). 
 The designation cf 
proteins A and B represents
 

sequences of the proteins derived fro- both possible reading
 

direttions of gene fragment I. That :s, 
 gene fragment I was
 

constru'tted symme:rically so that a protein containing a high content 

of essential azino acids would be produced 
no mat:er which strand of 

the synthetic D.. was ultimately read by the plant. The composition 

of proteins A and B for the five most deficient essential azino acids
 

of plant-derived proteins was compared with those found in proteins
 

from several foods (see illustration five). Proper suplementation of 

plant-derived foods "ith proteins enc:-ded ithin these synthetic gene 

fragmncts would markedly inprove the essential a=ino acid
 

balance.
 

These methods of gene synthesis are flexible enough to produce 

proteins possessing any particular aino acid composition, 

therefore, genes could be specificall. designed supplement any
to 


desired animal feed or human food. I: should be pointed out that 

the in-sertion of lysine at frequent i:ervals in these synthetic 

protein.s provides numerous sites for -:rotec---c attack by 

trypsin (one of the main protein-degrading enz.mes found in the 

digestive tract). 
 This feature is iz.:rtant, as it increases the 

bioavailability of the supplemental prztein. Bioavailability 
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refers to 
the amount of 
azino acids actually taken up from 
a
 
particular dietary protein and used by the a:ial to make its o 'n 

protein.
 

Sow to Get the Gene Frazment into Plants 

Plant breeding, the of
movement 
 desirable traits between plants by the 
use of the trad. :icnal Mendelian techniques, has, ;rithout question, 
improved tne yields of the world's major crop plants such 
as the
 
potato. There are, however, certain limitations to these techniques. 
For m:ample, it takes a great amount of time, perhaps as long as ten 
years, to 
introduce, select, and establish a particular trait into 
a
 
plant cultivar and' ofte-.some traits 
are impossible to incorporate by
 

these traditional 
techniques.
 

Genetic engineering 
offers the possibility of introducing a single 
trait, without altering other agronomically important characters of
 
the plant, into a well accepted or traditional variety, thus -!2 lowing
 
for a method of "fine-tuning" 
 these specific genotypes. The use of 
these 
new methods, however, is not 
a goal in itself and should be
 
coupled to conventional breeding methods to 
achieve plant improvement.
 

Acrobacteria, often regarded as Nature's first "genetic engineer", 

_~ t...... - .  on of recombinant DNA technology7 far plant 
improvement. 
T'o species of the genus Azrobacterium have been shown 

to 
affect plant growth and development.
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Azrobac:terium rhizczenes causes a proliferation of roots at the 

point of iciection on the host plant;"this response has ' en 

termed "hairy root". The etiology of hairy root is quite
 

distinct from 
 that of crown gall (a type of plant tumor), which 

is caused by Arrobacterium tumefaciens. 
 The factors, in both A. 

rhizozenes and A. tumefaciens, causing changes in grovth
 

characteristics, 
 have been shown, witaout equivocation, to be 

located 
on large plasmids (circular, self-replicating DNAs found
 

in bacteria). Most importantly, a discrete portion of this 

plas=id DNA (called T-DNA) is found to be incorporated into the 

genome of the irfected plant, which is known as the process of
 

plant transformation. 
 This T-DNA determines several fundamental 

characteristics of transformed plant tissue. For example, these 

plant cells will grow without adding phytohormones to the culture 

medium, wh.ch are normally necessary for cell growth in culture. 

These transformed cells will also synthesize unusual compounds
 

called "opines" (see illustration six), which 
 prove to be useful
 

markers for selection of transformed plants.
 

One strategy, for introducing foreign DNA into a plant, by means
 

of A. tumefaciens plasmids, is to 
 use a small recombinant plasmid 

into which a known fragment of T-DNA has been inserted (see nlary-

Dell Chilton's article in Scientific Imerican, June 19S3 issue). 

Using this method, we opened the recombinant plasnid by means of 

a restriction enzyme, which recognizes a specific short sequence 

of DNA and causes a double strand break at a site within the T-

DNA. At this breakage point, the synthetic essential amino acid 

encoding (EAAE) DNA was inserted. Along ith the EAAE-DNA, a 
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selectable marker, i.e., 
the bacterial gene encoding for
 

resistance to a specific antibiotic, .,as included. This new
 

plasmid was then introduced into a A. tumefaciens strain carr.-ing 

the unmodified agrobacterium plasmid. 
 Since these different
 

plas=ids contain homologous (similar) sequences, a rare double

recombination between the 
two plasmids will sometimes occur and
 

result in a new plasmid in which the T-DINA harbors the insert of 

EAAE-DNA. The agrobacteria containing the new plasmid can be 

identified and selected by their survival on med-ia containing the 

selecting antibiotic. These selected bacteria are then used 
to
 

transfer the mdified T-DNA (containing the EAAE-DNA) into the 

plant genome.
 

This protocol allows production of modified plant cells growing
 

in culture; however, we found difficulty in obtaining healthy
 

plants from these transformed cells, 
since they still contained
 

tumerous genes. It should be noted 
that we used the sac
 

experimental strategy as 
Chilton, but employing an A. rhizogenes
 

plasmid vector system to introduce the EAAE-DNA into potato 

plants. 
We are also using a modification f Chilton's method to
 

insert the EAAE-DNA into potato plants by using "disarmed" A. 

tumerciens plasmid vectors. These disarmed vectors have had the 

tumor-forring genes removed and plants can be regenerated 

directly from sections of the transformed leaves. 

It is clear that the technology exists to insert, on a routine basis, 

foreign DNA into the potato plant. To ensure the eypression of a 
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particular desirable gene or DNA fragment in the plant, one 
must
 

in: rt it next to the proper control regions of another already
 

existing gene, which has 
 had its protein encoding part removed. These 

control regions or promoters as they are commonly called, are usually 

found at the beginning of the gene and are vital switcher attuned to 

the many influences that regulate and temper the expression of the
 

gene to its 
final protein product. It is highly desirable to use
 

promoters that allow abundant 
 expression of the EAkE-protein and also 

control its zissue-specific expression within the potato tuber. 

Tissue Culture of Transformed Plants
 

From the previous sections, it is 
clear that recombinant DNA
 

techniques exit for the insertion of 
synthetic genes into
 

Agrobacterium plasmids; however, the controlled 
transfcrmation of
 

plants by the use of modified bacteria is dependent on two 

important features. 
 First, the bacterium =ust be capable of
 

infecting the 
host plant. The usefulness of this infection
 

process is limited at the present time, to a few major crop 

plants such as the potato. Second, tissue culture techniques
 

must be available for the regeneration of transformed plants. 

The potato is a model plant for tissue culture and its plasticity 

of development allows intact plants to be regenerated from almost 

any plant part. It is possible, therefore, to infect potato 

plants -th A. rhizoeenes (containing the FAAE-DNA) and induce 

the formation of hairy roots; these roots can then be cultivated
 

and transformed plants regenerated 
as shown (see illustration 

seven). We can also regenerate transformed plants from leaf
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discs using disarmed plasmids. In the potato plant, which is 

normally asexually propagated, there are no problems of 

segregation and loss of the inserted informa:ion through the 

processes of meiotic recombination, although, it would be 

interesting to see how this newly insertc~d informazion (EAA.E-DNIA)
 

segregates and if it is transmitted sexually to the progeny. In
 

the cereals, such as rice, corn, and wheat, tissue culture
 

technics do not exist to regenerate whole pla=ts from single 

cells, a process that is extremely simple in the case of the
 

potato. Thus, the idea of genetically engineering cereals must 

await the development of different technologies.
 

Distribution of Transformed Potato GermDlasm
 

When transformed 'plants have been regenerated they can be propagated
 

rapidly in vitro by using conventional tissue culture techniques.
 

These ricropropagation methods offer a number of advantages, 
since the
 

material is pathogen free and can be readily exported to national
 

agricultural programs in the developing world. 
 Illustration nine
 

shows the growth of potato plants _in itro tc the stage of having 

small seedling-like plantlets ready for planting. Since a stock of 

sterile, pathogen-free, in vitro plantlets ca- be maintained and new 

planting material produced each year, it is no longer necessary to 

save part of the crop for the next season's p-anting. All the tubers 

harvested then may be used for consumption.
 

Methods have been developed at the Internatio-al Potato Center
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that allow for the worldwide distribution, at no cost to the 

recipient, of new ger-plasm to 
national potato programs (see
 

illustration ten). 
 A few in vitro plantlets exported :o a 

national program through CIP's regional distribution network (see
 

il-lustration twelve), can be propagated rapidly to produce large
 

numbers of 
 plants for farmers' fields. A good example of this is
 

the case of the potato-growing areas around Dalat in the central 

highlands of Vietnam. in 
vitro potato plantlets, sent to Vietnam
 

in 1980 by C-, have been rapidly microp:opagated by s--all
 

farmers using simple home-constructed equipment., Most of the
 

tissue culture operations were 
 carried out in the kL-chen or
 

bedroom (see illustration eleven). These few 
 plants have now
 

been propagated 
 to such an extent that almost 500 hectares 

(equivalent to 
about si: million plants) 
are now grown a-nually
 

in the Dalat area vi-ch naterial derived from these plants. 

Some Possible Future ADolications
 

Through our collaborative research we have demonstrated that it is now 

possible to incorporate desirable genes into the potato via the 

methods of recombinant DNA technology. The major limitation to the 

large-scale application of these genetic engineering techniques, for 

the izprovement of the potato and other crop plants, is the geveral 

lack of *r-iowledge about plant genes and how to identify, isolate, and 

purify them. This artize has highlighted an innovative approach-

that is, if you cannot locate and purify desirable genes then they 

must be constructed synthetically. 
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We are in the process of producing synthetic DNA sequences that may 

interfere uith pota-o virus or viroid replication. nen these 

sequences are incorporated into the potato, the plant may become 

permanently "immunized" against infection (see illustration thirteen). 

It may also be possible to use a non-infectious viroid as a novel 

vector for the insetion of desirable traits into plants, possibly 

even in the cereals. We are also producing plants containing the 

genes that code for enzymes that degrade bacterial cells walls; this 

may protect the plat against bacterial infection. 

The preliminary results obtained from these experiments are 

contributing to the basic. mowledge of plant biochemistry and 

gene structure and may, in the future, lead to the development of 

improved potato varieties. It takes about ten growing seasons to 

make a new potato variety by traditional breeding methods. Only 

further time uill tell if genetic engineering technology ill 

enhance our capabilities to introduce new characteristics into 

potato plants. If so, we will have attained a new horizon in the 

production of improved plant varieties for the .ultimate benefit 

of all peoples. 
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The Potato: A Model Crop Plant for 
Tissue Culture 
N. 0. Espinoza, R. Estrada. D. Silva-Rodriguez, P. Tovar, R. Lizarraga,
 
and J. H. Dodds 

InternationalPotato Center, P.O. Box 5969, Lima, Peru 

It is a commonly held misconception
that plant tissue culture is a new 
technology. In reality, tie concept that 
the individual cells of an organism are 
totipotent is implicit in the statement of 
the cell theory !1]. 1. Schwann in 1839 
expressed the view that each living cell 
of a multicellular oreanism should be 
capable of independent development if 
provided with the appropriate external 
conditions. During the latter part of 
the l9th century several plant scientists 
performed experiments on fragments 
of tissues isolated from higher plants. 
Wound callus formation on isolated 
stem and root slice fragments were 
described. callus being tire disorganized
proliferation of activelv dividing cells, 

G. 1laberlandt in ,(12 [21 beean the 
concept of cell culture, and wkas the 
first person to aticnpt to ctihivatc 
islated plant cells ii vitro on ain 
arlificial uedium. A tribute to 
Ilaoclandt's cniu,. .\ithi a translation 
of his piper FlxpClilmets on tie 
cultire of isolated plants cells' \was 
published in N(96 3). I Ic si'cestCd tie 
tiiliz.ition of cinbr\o sac lulids a a 

tvpc of culure medi and tlre 
possibility of culturing artficial cibr\os 
from vegetative cells, 

Early in the 20th century interest 
shifted to tile culture of meristematic 
tissues in the form iof isolatcd roof tips: 
these were tile firt sterile organ
cuiturcs to be performed. W. J. 
Rolbbins 141 and W. Kotte 151 both 
published results on culture (if isolated 
roots. It was P. R. White 1(1. however. 
experimenting with torimato roots in 
1934. whf succeeded for the first time 
in derrionstrating the poicriliall\ 
indefinite culture of isolated roots. 

[During the Itf0s it was shoVn that 
cultured anthers (containing haploid 
pollen grains (or nicr0sporcs ) hv;et tile
potential to producec haploid cmbrvos 
and plantlets 17. , 9. 1(1. Later. suth 
the aid of chenical treatnents. it 
beca me possi Ic Io cult i r c 
microspores, double the chromosone 
number, and collect seed from 
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homozsgous diploid plants within a 
very short space of time. 

Another important development in 
the 1961s was the enzymic isolation and 
culture of protoplasts [11]. This 
method involves removing the cell wall 
with purificd preparations of cellulase 
and pectinase. while regulating 
protoplast expansion with an external 
osmoticum. The cultured protoplasts 
regenerate new cell walls, form cell 
colonies, and ultimately form plantlets. 

Bv the late 1970s and early Kods 
techniques of cell, tissue, and organ 
culture like some of those destined 
above were beginning to make a 
significant contribution to agriculture 
and industry: however. many' of the 
techniques described above are not 
succ.ssful with all plants. For example. 
in some grasses it rnay be possible to 
culture isolated mcristcms 1121 but it is 
not possible to regenerate plants from 
protoplasts of the same species (13]. 

The potato is tire one of the few 
basic food crops that reacts in a 
'tcxtbolok' manner to the whole array
Of tissue culture techniques. In this 
article %c \would like to dtscribe the 
array of techniques bcinig applied to 
tile potato to improve l'oth quality and 
quantity of potato production. 

Pathogen elimination 

Plant material destined for culture in 
vitro must be surface sterilized, 
because fungi and bacteria will grow on 
the culture medium far faster than the 
plant material and will quickly 
overi,rou and kill the plants. In certain 
cxceptional circumstances the growth 
of bacteria and fungi can be controlled 
with ilntibiolics 1131. 

\iruses are much more difficult to 
eradicate and represent a major 
problem ii potato tissuc culture 1141. 
In simplc terms, if the plants are not 
freed from virus then any rapid asexual 
propgatiin system also rapidly 
propagates the disease. Tire method 
normall\ used for eradication of virus 
is thrernitherapy treatment followed1,% m1e isicin ns(lation and culture 
(figure 1) 115. 16]. Infected plants are 

subjected to thermotherapy treatment 
(36°C 16hr/30'C 8hr) for four weeks in 
continuous light. The principle of 
thermotherapy is to inhibit the 
replication of the virus while still 
allowing growth of the meristem. 

The dissection of a potato meristem 
is shown in figure 2. Once placed into 
culture on an appropriate medium it 
takes several weeks to reCenerate a 
plant. This plant can then be rapidly 
propagated i vitro (see later) and 
enough material produced for virus 
testing. The testing of material prior to 
issuing a 'certificate of health' 
(phvtosanitary) should be rigorous 
117]. The International Potato Centre 
phlvosanitary statement reads as 
follov.;: The vegetative plant parts 
were indexed and found to be negative 
for viruses: A.NI.S.T.X.Y. potato leaf 
roll. Andean potato latent. Andean 
potato nottle, tomato black ring and 
tobacco ring spot viruses by synptorns 
on inoculated indicator hosts. b\ latex 
or ELISA scrology and electron 
microscopy. Potato spindle tuber \iroid 
(PSTV) was negative by the nucleic 
acid spot hybridization test (NASI1). 

This pathogen tested (this term is 
preferred to pathogen free) material 
forms a nuclear stock from which 
certified seed tubers can be produced 
(18]. 

In vitro micropiopagation 

Although it is possible to propagate 
large numbers of potato plants by 
regeneration of plants from single cells 
or callus these methods are not 
normally used, as the' can affect the 
clonal stability of the material (see 
later). Tire standard miciopropagation 
methods depend, therefore. on the
release of dormancy of axillarN buds, 
these mtathods are shown dia
grammatically in figure 3. 

At the International Potato Centre 
two micropropagation methods are 
used 119. 20]. 

Single node cuttings. In vitro plantlets 
from the pathogen-tested collection areremoved from tine tubes and cut into 
single nodes. Each node has a small 
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Figure 1 Diagramatic scheme to show 
the passage of material to obtain 
pathogen-tested status. 

leaf and an axillary bud. The small leaf 
is carefully excised and the remaining 
nodal cutting is transferred to a tube of 
Mlurashige and Skoog propagation 
nedium (Table I). Figure 4 shows 
noculation and growth of the nodal 
:utting after 2. 4 and 6 weeks. After 
">-s eks the in itro platlets are 
cady for sub-culture. The ptoccss can 
)e rep.ated as many times is needed 
o produce desircd numlbCr Of plirItcts, 
)ropagatior rate can lead to the 

production of several million plants in
 
a year.
 

Shaken liquid co h'ures. An alternative
 
more rapid and cost-effective
 

method of propagation is to excise pathog1,lmwd plants
h o le stern s o f in vitro p la nts a n d la ver - -. =)_ . .. --- .

them in flasks with liquid propagation
 
medium (Table 1). After 2-3 weeks the
 

the stein will have grown out and 
plantlets are ready to be..... j-,' i. 
(figure 5). 

l'roduciion of *%ingle rooted plandtlc.. 
T,,,The Potato ('enter uses methods (a) ( 
and/or (h) to produce large enough
quantities of material for single node U- 111-11 
cuttings, which are inoculated into 
sterile plastic boxes with 16 to 25nodes/box. After 3-4 weeks these.,- ' 

nodal cutting,, have grown and rooted 
(figure 6) and are ready for transfer to 
potting mix as shown in figure 7. These 
plantlets can be used as rrother plants
for conventional rapid propagation or 
can be transferred to seed beds or 
fields for production of certified basic 
seed tubers. 

Conservation of germplasm 

In the last decade increasing attention 
has been given to the. conservation of 
plant genetic resources, especially in 
economically important crop plants 
where the gcnetic base is being eroded 
121. 221. In the case of potato,
collectin of germiplasm has been 
steidily carried ot for many years and 
the International Potato Centre now 

Figure 3 Diagram of standard 
micropropagation methods used at the 
International Potato Center. 

holds a collection of some 6000 
accessions 123]. Within this collection 
there are many sterile clones; the rest 
are highly heterozygous. meaning that 
seeds from this material are very
distinct from the parent clones. The 
germ plasm collection is currently 
maintained as a vegetatively 
propagated field collection which 
requircs large qua ntities of space and 
labour and is also at a high risk from 
natural disasters- for example, frost, 

f 

Figure 2 Sequence of dissection ojf meristem of potato. a to c. In Ic) the two leaf primordial can be seen, indicating apical dome. 
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VC 	 Figure 8 In vitro conserved gerrnplasm.
This plant has been in the culture tube 

* 	 . -for nearly 12 months. 

S" hail, and pathogen attack. The 
I 'collection is currently being transferred 
- to a system of in vitro storage. This is along-term project and will probably 

take about S-1( vears to complete. The 
methodology being applied is to 
transfer the matcrial to sterile (though
riot free of viruses) in vitro culture. T-he 
young shoots are then transferred to a 
storage medium (Table 1) and

Figure 4 Grow1h and development of nodal explants, 0, 2, 4, and 6 weeks after incubated at ScC, lI(K) IlIx, 16-hourinoculation on standard propagation medum. dai. Under these conditions the growth 

Figure 7 In vitro plantlet after transfer Figure 9 World map showing distribution of in vitro potato germplasm by theto jiffy pot. International Potato Center. 
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TABLE 1 

Compound (mg/I) Single node Shaken liquid 
propagation propagation 

NH4NO, 1650 1650 
KNO, 
 1900 1900 

CaC1 2 2H20 440 440 
MgSO4 
 370 370 

KH2PO4 170 170 

H3B03 6.2 6.2 

MnSO 4 4H20 16.9 16.9 

ZnSO 47H2O 
 8.6 8.6
KI 0.83 0.83 
Na2MoO4 2H20 0.25 0.25 
CuSO 45H20 
 0.025 0.025

CaCI 2 61;20 0.025 
 0.025
Na2EDTA 37.3 37.3 

FeSO 4 7H20 27.8 27.8

Thiamine HC1 
 0.4 0.4 

Ca Pantothenic acid 
 2.0 2.0
Gibberellic acid 0.25 0.4
Benzylamino purine 0.5
Napthalene acetic acid 0.01 
Chlorochlorine chloride 
Inositol 100 100 

Sucrose 3% 2% 

Mannitol 
Agar 
 0.8% 


rate of the cultures is significantly of the potato as a basic food. As part of 
reduced: a culture that normally neLds the overall strategy of achieving that 
to be transferred every ("- weeks aim the centre exports improved
needs to be transferred only once ever' pathogen-tested germplasm to man' 
two years (figure 8)1241. developing countries. A growing 

proportion of these exports is n-w 
International export of germplasm 
 made as in vitro plantlets. Fpiurc 9shows the ext.,nt to whici !his 
The International Potato Center has a distribution has now ext ended 
world, idc mandate to develop mnd wIorldw.%ide. 
disseminate knowledge for greater usc Using the micropropagcation methods 

pre'iously described, small tissue 
ctilture plantlets are produced on 
individual rooted plantlets in small 
glass test tubes. The tubes are 
packaged in a special polystyrene 
package to which is attached a 

fl. V _phytosanitary' certificate (figure 10);
this is then sent air mail to the recipient 
potat programme. In 1984. the 

International Potato Center exported 
over 25(1 plants using this method. 
Upon receipt of these plantlets in vitro 
propagation can be continued or the 
plantlets can be transfered to potting 
mix for conventional rapid propagation 
methods. 

Organogenesis and somaclonal 
variation 

The potato plant shows an 
extraordinary plasticity of development 
125. 261. Itispossib'l to regenerate

whole plants from isolated protoplasts 
(27): single cells (28): callus cultures 
(29): and explans of almost any part of 

Figure 5 Growth of in vitro plants in a the plant 130. 311. Figure 11 shows 
shaken liquid culture. Gibberellic acid in regeneration of plants from culturedthe medium releases dormancy of roots. 
axillary buds and promotes rapid When plants are regenerated from 
growth, 
 an-, of these tissues by the formation of 

In vitro In vitro tuber 
conservation induction 

1650 1650 
1900 1900
 
440 440 
370 370
 
170 170
 

6.2 6.2
 
16.9 16.9
 
8.6 8.6 
0.83 0.83 
0.25 0.25 
0.025 0.025 
0.025 0.025 

37.3 37.3 
27.8 27.8 
0.4 0.4 

5.0 

500
 
100 100
 
3% 8% 
4% 
0.8%
 

callus, followed by de neo production
of buds. there is evidence that some of 
the plants regenerated are not 
genetically identical to the starting 
material 132. 331. 

It is suggested by sonic workers that 

the variation induced bv thesemethods, termed somaclonal vari;ation. 
may be useful as a nethod foi 
improving existing potato clone" 1341. 
The hVpothesis is that minor variations 
can be induced, then the material is 
screened and those plants improved in 

Figure 6 Production of single-rooted 
plantlets by inoculating single nodes in 
sterile boxes. 
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Figure 10 Export package. The 
polystyrene box contains tubes with 
in vitro plants. The package is sent air 
freight, 

a specific trait are s:'lected and cloned, 
using the standard micropropagation
methfods outlined previously. Several 
research institutions are testing these 
methods, and some have reported
production of impioved varieties, 

Anther culture 

The culture of potato anthers as a 
method for producing diploid 
(dihaploid) plants from tetraploids has 
been described 1351. There is a clonal
dependence, hoyever. in response to 
this technique: some clones easily
produce 'pollen deiived' plantlets. 
while other clones do not yield any
plantlets. Prelinminary cidetce 

sggestsrthat
the difLrcrlces in choal 
respms may hnessie under enticcontrol[31. 

The 1tchniqu. of anther culture is a
lcha!isel\ simple one. Anthers at ;n
appropriate stage of deve-loinent are 
c\cised fom a ,urfae-sterilied hud 
and cultured on an appripiiate 

.77
 

medium. In responsive clones, after a 
few days of culture a small percentage
of the grains change their normal 
developmental pathvay (to germinate 
and grow a pollen tube) and instead 
begin to undergo cell division. The 
mitotic divisions -,take place in a highly-


le - e i eorganised way and a pollen-derivedembryo forms.pathwav follows the sameThis pollen embryonicdevelopment 

stages as the formation of a seed 
embryo 137]. The pollen embryos can
eventually be grown to intact plants,
ain( formi a useful source of material 
for potato breeders. 

In 	vitro tuber production 

The conventional method for 
propagation of potatoes is by planting
tuber.,,. In recent y'ears techniques have 
been developed which allow tubers to 
be produced in vitro 138. 39. 40). These
in ritro tubers have the advantages of 
being small. light, and aseptic Isterile):also, when plantlets derived from them 
are grown in the field they appear to be 
perfectly normal. These in vitro tubers 
ma' represent a novel method to 
export potato germplasm and possibly 
zommercial seed tubers. 

The starting material for in vilro 
tuber induction are flasks of sha:ken 
liquid Cultures used in 

mieropratio (figure 5). The liquid
prpgation media can be carefullyIclo ve d and substituated \witIi 
ttiher-inludction nldia that contains
5(1 ppl of ('('C ('hloro ('holine
Chloride) (sec Table I). Oince this 
tolieri/alion stiuluhis has been applied,
it lakes only live \\ecks until i 

physiologically nature tubers are ready 
to be harvested (figure 12). This 
technique has been applied at the 
International Potato Center to over 50 
potato genotypes, all of which have 
responded well. 

The tubers produced in vitro have 
tie,,,*
sinilar characteristics to field-produced

tubers in(hieure terms of colour and shape13) and the electrophoretic 

patterns of the tuber storage proteins; 
are identical. It may be expected that 
in the nex! few years in vitro tubers will
find their role in the various integrated
schemes of potato seed tuber 
production. 

Genetic engineering 

The idea of genetically engineering 
crop plants i,,one that is currently
receiving much attention 141, 421. The 
methods of gene insertion are based on 
the principle of using Agrohacterium
plasmids as vectors for the insertion of 
genes into a receptor crop species 1431.For successful results to be achieved in 
this area a number of criteria must be 
met. 

1. 	The plant must be succeptible to 
Agrohacterium infection. 

2. 	It must be possible to regenerate 
plants from the transtormed cells. 

3. The inheritance characteristics of 

the inserted factor must be 
dcterninetl or the plat must beasexually propiwatcd. 

The potato is one of the few 
important crop planits that can meet all 
three of these criteria. Potato plants in 
itro can be wounded and infected \\ith 

52 

11 
Figure 11 Small plantlets regenieratingi from roots of potato
inoculated on to the surface of agar solidiled regeneration
medium. 

12 
Figure 12 
plants. 

Induction of in vitro tubers on rapidly propagated 
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J. M. Jaynes, M.S. Yang, N. Espinoza and J. H. Dodds 

Methods now exist to construct genes coding for synthetic proeinsenriched in essential amino acid content. The production of thesesynthetic proteins in potato tubers can improve tie nutritive value of
the potato and increase its importance as a basic food crop. 

Protein nutrition and malnourished state, character-The biosvnthesis ofaminoacids from ized by a bloated stomach andsimpler precursors is a process vital reddish-orange discolored hair, isto all forms of life as these amino more often found in children thanacids are the building blocks of adults because of their great need forproteins'. Organisms differ markedly essential amino acids during growth
with respect to their ability to and development. For normal phvsisynthesize amino acids. In fact, cal and mental maturation, a bal-virtual lV all m enm bers of the anim al anced daily source of c.;sential am ino
kingdom are incapable of manu- acids is a requisite. This is asfactUring some amino acids. There important a feature ofthe diet tstotalare twenty common amino acids protein quantity or total calorie 
w hich are utilized inthe fabrication intake. 
of proteins and essential am ino acids Some foods, such as m ilk, eggs andare those protein building blocks meat, have very high nutritional 
which cannot be synthesized bv the values because they contain a high
animal. It is generally agreed that level of essential amino acids. On thehumans require eight of the twenty other hand, most foodstuffs obtained 
common amino acids in their diet". A from plants possess a poor nutritionalnutritionally adequate diet must value because of their relatively low
include a minimum daily consump- content ofsomeor, in afew cases, ail of
tion cf these amino acids (Fig. 1). the essential amino acids. Generally,

When diets are high in carbo- the essential amino acids which arehydrates and low in protein over a found to be most limiting in plantsprotracted period, this results in are isoleucine, lysine, methionine,
deficiencies of essential amino acids threonine, and tryptophan (Fig. 2).and leads to a condition calico In the Western world few amino'Kwashiorkor' which is an African acid deficiency problems arise, pri-word meaning 'deposed child' (de- marily because the diet is composedposed from the mother's breast by a of a mixture of a wide range of animalnewborn sibling). This debilitating and plant proteins. In many develop-
"A. Ianes and Ni. S. Yang art, atDepartment of Biochemistr, the ing countries, however, a single crop322 Chop- can be perhaps 80-90% of the totalChot- food intake. Rice, for exan;ole, is the
in Hall, Louisiana State Universitv,Baton Rouge, Louisiana 70803, USA. major staple in Asia while potatoesEspinoza and J.H.Dodds are at the are the staple in the Andean region ofnternational Potato Center, P.O. Box South America. With heavy depend-5969, Lima. Peru. once on plant protein from a single 
19M. Elbvie, Science Publ het 13V. Arnuer -ari - 000166 943111FIGU2 

surce its esst~i-tial amnino acid
ccmposition becomes of critical im
pc:tance. In these situations it would 
be highly beneficial to 'engineer' thep,-nt to produce proteins with aPanced essential amino acid con

to achieve this objective. Firstly, 
of conventional plant

breeding techniques to improve pro
te L-:quality; secondly, manipulation
ut.the existing storage protein genes

increase levelsamino acids; of the essentialand thirdly, construc
ticn ofsynth ticgenes which encode 
pr.teins eAiched in essential amino 
ac:ds for overall enhancement of theouality cf total plant protein. 

Although the first method has been 
arplied with encouraging results in 
the case of maize' (i.e. the Opaque 2 
mutant, so-called high lysine mutant)
the screening techniques and effortinvolved make this an ineffective 
method. Besides, plant proteins are 
deicient in more than ofone the 
esential amino acids which com
pcnds the level of difficulty to 
ac-ieve a nutritionally complete 

-Fig. 1
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-he daily essential amino acid 
iquirements for a 20kg child as 

Isted are those necessary tc. 
maintain good health and normal 
:owthanddevelopment asestab. 
shed by FAQ. 90 kg(A adult 

male's daily essential amino acid
aooouirement, to maintainrealth, would be goodapproximately 
:-e same - emphasizing the ex
:-eme importance of an adequate 
c et during early life.) The amino 
2id histidinehas not been shown 

as it is generally regarded as beingessential in humans for only thef'st three months of life. Also, the 

-aeocytie~akeofcysteineandyroiecanndyrsecn 
inare' (reducc) the requirements
rsmethionineandpheylalanine, 
- sectvely. 
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.- ,,machine we have constructed, cloned genes and their protein products. The 
and obtained expression of genes ffi sequences for several of these syn
bacteria which code for proteins with thetic gene fragments - the 'high 
a high content of the essential amino essential amino acid encoding' gene 

0.-	 acids found to be most deficient in (HEAAE-gene) - have been deduced 
• 	 plant-derived proteins9 . This was and the particular encoded protein 

_ 	 done in bacteria first, in order to sequences were obtained by inspec
facilitate the analysis of the new tion of the genetic code (Fig. 3). 

SU -- Fig. 3 

The lower quality of plant-derived
 
proteins is apparent when one
 
looks at the total amount of Gene Fragment I
 
consumption necessary for a 20 kg
 
child to receive 100% of his
 
essential amino acid requirement
 

Reading direction oftop strand(A)->->->
and compare this value with the 

amount required from beef pro- AATTCGGGGATCGTAAGAAATGGATGGATCGTCATCCATTTCTTCATCCATTTCTTAC
 
tein. The calculations assumed GCCCCTAGCATTCTTTACCTACCTAGAGTAGGTAAAGAAGTAGGTAAAGAATG
 
that the proteins were 100%
 
bioavailable, so these values GATCCATCCATTTCTTAAGPAATG ATGAAGAAATGGATGACGATCCATCCATTTCTT
 
should be viewed as lower limits. CTAGGTAGGTAAAGAATTC7TTACCTACTTCTTTACCTACTGTAGGTAGGTAAAGAA
 

CATCCATTTCTTCATCCATTTCTTACGATCAAGAAATGGATGAAGAAATGGATGAAGA 

maize utilizing this method. The GTAGGTAAAGAAGTAGGTAAAAATGCTAGTTCTTIACCTATTCTTTACCTACTTCT 

second method has been discussed 
previously in TIBTECIP. AATGGATGAAGAAATGGATGCATCCATTTCTTAAGAAATGGATGAAGAAATGGA7GAA 

The innovative methods of genetic TTACCTATTCTACACTAG7AASAATTTTTACCTACTTCTTTACCTA.TT 

engineering offer a novel approach to 
modifying the essential amino acid CTT7ACCTACTGCTAGCTAGCA7TCTTTACCTACTGCTGSTAGGTA;A AATGTAS 
composition of plant proteins and 
can thus increase their nutritive CCCG 
value. Our approach is not to try and .cS.TA 
modify the existing plant proteins, Reading direcion ofbooitrand(1) 
but rather to supplement them with 
new synthetic proteins which have a 
high content of essential amino acids. 
To produce a synthetic protein of 
known amino acid composition, a 
DNA fragment with an appropriate ClyAspArgLysLysTrpMetAspArgHisProPheLeuiaProPteLeuThrlleHisProPheLeu

codon sequence can be produced - LysLyslrP4etLysLy 
s l rpletlhrlleHisProPheLeuHisProPheLeuHisProPheLeuL

Thr

using modern chemical techniques - IleLysLysTrpMetLysLyflrpetLysLyalrpMetLyLysTrpMetHssProPheLeuLysLys

and introduced into various micro- - IrpMetLysLyanrpetyauyarpetlhrhleAspArLyaysTrpietThrleHisProlte

organisms using recombinant DNA - LeulhrllePro 
technology6 .The cloning and expres- Sequence ofprotein (B)->->-> 
sion of synthetic DNAs, containing
repeated cudons for a single amino GlyAspArqLystysTrpMetAsp/rqHs ProPheLeuThrlleAspArgHisProPheLeuHisPro

acid, could be used as a means to - PheLeuH~isProPheLeuLysLyaTrpMethisProPheLeuHisProPheLeuHisProPheLeuHs-
Hsupplement the essential amino acid - ProPheLeuAspArgLysLyoirpNetLysLysarpIaLJysLysTrpMetAspArg isProPheLeu

content of plant protein 7 . However, - t r.roPheLeuLysLysilrpietAspArqLysLysarpMetLyaLysnrpMtLThrleHirsProPhe
becsuse plant proteins are deficient in - LeuThrllePro 

more than a single essential amino 
acid, the design of a useful synthetic 
protein must take into consideration The nucleotide sequence of gene fragment 1 and the derived protein 
the total amino acid composition of sequences. Gene fragment 1 yields two proteins designated A and B and one 
plant proteins, 	 or the other will be produced depending upon the orientation of the gene

when it is fused to the plant-gene promoter. In other words, the gene was 
constructed symmetrically so that a protein of high essential amino acid 

Gene design and synthesis 	 content would be produced no matter which DNA strand was read by the cell's 
It is now possible, utilizing protein synthesis machinery. Those amino acids highlighted are essential to 

machines, to synthesize DNA frag- the human and need to be consumed everyday for good health. Protein A, the 
ments with an individual length up best so far analysed, is composed of about 80% essential amino acids. 
to about 100 bases'. Using such a I 
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Proteins A and B represent sequences Fig. 4 
derived from both possible reading
 
directions of gene fragment 1. That is,
 
gene fragment 1 was constructed
 
symmetrically so that a protein,

containing a high content of essential 
 23.0 
amino acids, would be produced no 11.\
 
matter which strand of the synthetic E
 
DNA was ultimately read by the cell's 965.

protein synthesis machinery.


The composition of proteins A and ! "iv.l is 8 Total 60.8%
B, for the five most deficient essential
 
amino acids of plant-derived pro- 2.9
 
teins, is compared with those found
 
in proteins from 3everal foods (Fig. C 17.0
 
4). Beef protein has been shown for .E
 
comparison purposes as it is com-
 ... .4 
posed ofan unusually high content of C 
these essential amino acids. Proper

supplementation of plant-derived 
 .. 11.6 Total 42.3%
foods with proteins encoded by these 
synthetic gene fragments would
 
markedly improve their essential
 
amino acid balance.
 

This method of gene synthesis is 2.7
 
flexible enough to produce proteins r_ 2.5
 
possessing any particular amino acid
 
composition. Therefore, proteins 4.4
 

1could e specifically designed to
supplement any desired animal feed Total = 22.0% 
or human food. It should be pointed 
out that the insertion of lvsine at "4. 
frequent intervals in these synthetic =
 
proteins provides numerous sites for " 4.1
 
proteolytic attack by trypsin (one of 
 1.6
the main protein-degrading enzymes

found in the digestive tract). This 4.1
 
feature is important as it increases the '
 
bioavailability of the supplemental Total 15.40
protein - the amount of amino acids
 
absorbed from a particular dietary " 4.0
 
protein and used by the organism to C
 
make its own protein. The next major 
 "
 
step has been the insertion of the E 

synthetic genes into an important C
 
crop plant, the potato, using an 
 4.1 
Agrobacterium-based gene vector
 
syst em. 
 0.5 Total 13.0% 

How the synthetic genes were
introduced into potato plants The percent composition found in the synthetic proteins A and B, for the fivePlant breeding, the movement of most deficient essential amino acids of plant-derived proteins, is compareddesirable traits between plants by the with the content ofproteins from some common foods. Synthetic protein A isuse of the traditional techniques, has composed of almost three times the content of these most important essentialwithout question profoundly im- amino acids than is beef protein. E Isoleucine:f Lysine: 0 Methionine: [proved the important inheritable Threonine: Tryptophan.
characters (yield, resistance to dis-_I 
ease, etc.) of the world's major crop
plants such as the potato. There are, and establish a particular trait into a Genetic engineering offers the poshowever, certain limitations to these plant cultivar, and some traits are sibility of introducing a single trait,techniques. For example, it can take impossible to incorporate by these without altering other agronomicall,as longas ten vearsto introduce.select traditional hipchmniPr 1 
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into a well accepted or trad"i,al
variety, allowing for a method of 
'fine-tuning' specific genotypes.
Agrobacterium spp., often regarded 
as Nature's first 'genetic engineers',
allow the exploitation of recombi-
nant DNA technology for plant
improvement". Several species have 
been shown to affect plant growth
and development. Agrobacterium
rhizogenes causes a proliferation of 
roots at the point of infection on the 
host plant and this response has been 
termed 'hairy root'. The etiology
(expression of symptoms) of hairy 
root is quite distinct from that of 
crown gall (a type of plant tumor),
which is caused by Agrobacterium 
tumefaciens. The genes causing 
changes in the growth characteristics 
of infected plants have been shown to 
be located on large plasmids in both 
A. rhizogenes and A. tumefaciens1 2. 
Most importantly, a discrete portion
of this plasmid DNA (called T-DNA)
is found to be incorporated into the 
genome of the infected plant, a 
process known as 'plant transforma
tion'. This T-DNA determines several 
fundamental characteristics of trans
formed plant tissue" : . For example,
these plant cells will grow without 
adding phytohornmones to the culture 
m fediur,which are normally neces

the transformed cells will synthesize
unusual compounds called 'opines'.
In addition, the plasmids confer to 
the bacterium the ability to meta-
bolize the particular opine produced
by the transformed plant tissue. The 
evolutionary significance of trans
formation is that Agrobacterium 
causes the plant to produce special
substances (the opines) which only
the bacteria can utilize as a food
 
source: thus the bacteria have built a
 
secure niche to promote their per
petuation at the expense of the plant.

One strategy for introducing 

foreign DNA into a plant, by means of 

Agrobacterium plasmids, is to 
use a 

small recombinant 
 plasmid into
which a known fragment of T-DNA 
has been inserted" ' (Fig. 5). This 
protocol can give rise to modifiedplant cells growing in culture. How-
ever, it is difficult to obtain healthy
plants from these transformed cells. 
We have used a similar experimental 
strategy but employing an A. rhizo-
genes plasmid vector system in order 

to introd,,ce the HEAAE-DNA into 
potato plant (Yang, M. S., Jaynes',
J. M., Dodds, J. H. and White, F. F.,
unpublished). This procedure incites 
hairy or 'rooty' tumors and the 
infected root tissue can then be 
propagated. This appears to be a good
method as the roots transformed with 
the modified T-DNA gave rise to 
plant cells which could be re-
generated into intact plants (Fig. 6).
The presence of HEAAE-DNA, its 
transcription into mRNA and trans-

Fig. 5 

lation into HEAAE-protein has been 
demonstrated in the potato by South
ern transfer, 'northern blotting' and 
'western' blotting, respectively. This 
method has proven to be very
successful for the introduction 
and expression of HEAAE-DNA in 
transformed, regenerated potato
plants (Espinoza, N., Yang, M. S.,
Jaynes, E. M., Dodds, J. H. and 
Schnorr, K. unpublished). A newer 
technique has emerged recently
where A. tumefaciens plasmid 

Hybrid Plasmid 

HEAAEDNA 
E 

Hbnd Pismid 
Containing

-EAAE-DNA 

Tranorrnan of 
Aacenao7 

WildtpeTi Plasmid !nfection of Potato Tissue and 
containin, ,nsened 

0Renemaonof Whole Piait 

Through the use of -estriction enzymes, modified 7 plasmids can beconstructed which contain foreign genes (in this case, the HEAAE-gene).
These new plasmidscan be introduced into Agrobacteria andthese strainscan
then be used to infect potatoplants. The resultanttransformedtissue can be
regenerated into whole, reproductiv.ly viable plants. 

http:reproductiv.ly


vectors have been constructed with 
the tumor-forming genes removed' 5 . 

These so-called 'disarmed' vectors
have allowed for the regeneration of 
plants from sections of the trans-
formed leaf tissue. Transformed 
potato tissue employing this newer 
method has also been obtained, 

Tis-aecultiu'eof transformed potato
plaints 

It is clear that techniques exist to 
insert the HEAAE-DNA into Agro-
bacterium plasmids; however, the 
controlled transformation of plants
by the use of modified Agrobacter-
ium spp. is dependent on two
important features. Firstly, the 
bacterium must be capable of infect-
ing the host plant. The usefulness of 
this infection process is limited, at 
the present time, to a few major crop
plants such as the potato. Secondly,
tissue culture techniques must be 
available for the regeneration of 
transformed plants. Cereals, such as 
rice, corn and wheat, are also quite
low in essential amino acid content 
and it would be a significant advance 
to insert and obtain expression of 
HEAAE-DNA in these plants. How-
Fig. 6-


ever, cereals remain refractory to 
transformation by Agrobacterium 
and techniques do not exist to
routinely regenerate whole cereal 
plants from single cells, a process
which is extremely simple in the case 
of the potato"5 . Therefore, in order 
to genetically engineer ceieals we 
must exploit new and differenttechnologies, 

The potato is a model plant for 
tissue culture and its plasticity of 
development dllows intact plants to 
be regenerated from almost any plant
part. It is possible to infect potato
plants with A. rhizogenes (contain-
ing the HEAAE-DNA on a modified
plasmid) and induce the formation of 
hairy roots; these roots can then be
propagated and transformed plants
regenerated. We have also regener-
ated transformed plants from leaf 
tissue using A. tumefaciens contain-
ing disarmed plasmid vectors, 

In the potato plant, which is 
normalyasexually propagated, there 
are no problems of segregation and 
loss of the inserted genetic infor-
mation through meiotic recombina-
tion, although it is of interest to 
determine how this newly intro-

t, ",but 


It is impor!ant to have a method 
vhich canpresence quickly analyse for theof the HEAAE-protein in 

the potato tuber. Techniques have 
now been developed which allow for 
the rapid (four weeks) induction of 
tubers in vitro"5 . These tubers are 
small, normally 3-5 mm in diameter 

are morphologically and bio
chemically identical to field pro
duced tubers (Fig. 8). This method 
will allow for speedy and efficient 
screening of the transformed re
generated plants for any increase in 
essential amino acid content of thetubers. 

Conclusions 

The technology now exists to 
synthesize 'custom made' genes for
proteins with an euiriched essential 
amino acid content. We have been
able to insert these genes into the 
potato and detect expression of the 
gene. An analysis of amino acid 
profiles of transformed and non

duced gene (HEAAE-DNA) segre
gates and if it is transmitted sexually 
to the progeny.

Foreign DNA can be inserted at 
will into plants such as the potato.
However, to ensure expression of a 
particular desirable gene, it must be
inserted next to the proper control 
region of another already existinggene which has had its protein
encoding part removed. These con
trol regions, or promoters, usually
found at the beginning of the gene, 
are vital switches attuned to the 
many influences which regulate the 
expression of the gene to its final 
protein product".

The potato, like many important
plants, contains its food deposits in a
specialized organ, in this case, a 
tuber. It would be of little import to 
improve the nutritional value of 
potato leaves as these are not 
consumed. Thus the ultimate goal of 
this research is to obtain high level 
expression of HEAAE-DNA only
within the tuber (Fig. 7). This will 
increase the gene's value and im
portance as an inheritable genetic
trait if this goal can be accomplished. 

transformed plants is currently under 
Agrobacterium rhizogenes incites hairy roots on in vitro propagated potato 

study. Just how much HEAAE-pro
plants. Bacterial-free individual tein will need to be produced withinroots from these plants were placed on the tuber to make a significant impactnutrient media to induce the formation of plantlets. on the essential amino acid content of 

the potato has vet to be ascertainpd 
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Modified Ti plasmids which contain foreign genes (e.g., the HEAAE.gene) can be constructed. rhe T-DNA region of the Tiplasmid was inserted into the E.coli plasmid, pBR322. The pBR322 portion firhis hybridplasmid (i)permitted propagationof the hybrid in E.coli and (ii)bore an antibiotic resistance marker permitting subsequent selection of plasmid.containingclones. The HEAAE-DNA was then inserted into the T-DNA region of the hybrid plasmid. This new plasmid was thenintroduced into an A. tumefaciens strain carrying the unmodified Agrobacterium plasmid. Since these different plasmidscontain homologous (similar)sequences, a rare double-recombination between tre two plasmids will sometimes occurand result in a new plasmid in which the T-DNA harbors the insert of HEAAE-DNA. Strains of Agrobacterium containingthe new plasmid can be identified and selected by their survival on media containing the antibiotic. These selectedbacteria were then L'sed to transfer the modified T-,NA (containingthe HEAAE-DNA) into the plant genome. 
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The essential amino acid profile of the putative nutritionally complete modified potato tuber is shown above. The data

presented assumes the consumption of 20% of the caloric requirement (600 g) of the modified potato tuber for a 20 kg

child. The black rectangles are those essential amino acids provided by the HEAAE-protein showing that with the correct
level ofexpression the essential amino acid deficiencies of the potato can be overcome. The potato would thus become a
 
complete food. 
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INTRODUCTION
 

Recombinant DNA technology is a term that covers a wide
 
range of biochemical techniques used to cut, splice and DNA
move 

from one organism to another. The manipulation of genes in the
 
test tube, more popularly known as genetic engineering began as a
 
basic scientific study to learn more about gene expression and
 
gene structure in bacteria. In the 
last 10 years the techniques
 
of recombinant DNA technology have moved from the university
 
research laboratory to the industrial production level. The
 
techniques are applicable to all organisms and studies have been
 
performed by genetic engineering on the genomes of viruses,
 
bacteria, yeasts, animals and plants.
 

It is the latter, genetic engineering of plants which is
 

to be covered in this article.
 

Let us look first at the major crop plants presently under
 
study and later see the type of gene inserts that may lead to
 

improvement of these crops.
 

THE WORLDS MAJOR CROP PLANTS
 

The importance of principal food crops can be defined in a
 
number of ways. Table 1 shows the. value of production of
 
principal food crops in developing countries. Despite the
 
enormous economic value of these crops many research 
scientists
 
have directed their efforts to aenetic engineering of model plant
 
species such as petunia or tobacco. (1,2,3) The reason for
 
choosing these model species is that they offer many advantages
 
many crop plant species for baSic scientific studies. In the
 
case of tobacco and petunia the following criteria are all easily
 

met.
 

() Conventional aenetics and cytology well studied.
 

(2) Easv to manipulate and regenerate in vitro.
 



(3) Susceptible to 
infection by Agrobacterium.
 

(4) Short generation time (seed to flower).
 

(5) many diploids available.
 

Let us now 
look at the major crop plant species and see
 

the limitations that exist.
 

(A) Cereals.
 

The major cereal crops such as rice, 
maize and wheat are
 

able to some the
meet of 
 criteria needed to facilitate genetic
 

engineering studies, 
for example, well studied cytology 
and a
 

relatively short generation time. However, many 
limitations
 

exist with all 
the cereals.
 

1) Regeneration of whole plants 
from single cells and
 

protopiasts has been reported recently in 
a few cases with
 

certain limited genotypes(4) it fair say
is to however
 

that no routine regeneration system exists for 
cereals.
 

2) Cereals are not susceptible to infection by
 

Agrobacterium, this 
means that the 
standard A. tumefaciens
 

or A. rhizoaenes vector cannot be used. 
 To overcome this
 

recent exoeriments havc 
 shown that electroporation
 

(electrical treatment 
 of protoplasts) will allow the
 

direct 
uztake of ulasmid constructs. However point 1)
 



then comes back into play and 
 it is impossible to
 

regenerate 
 whole plants containinc these inserts.
 

Transformed cereal callus cultures are 
of little direct
 

agricultival importance!
 

Experiments are 
in progress in many labzratories to:
 

(a) Increase frequency of protoplast regeneration or (b)
 

attempt direct 
uptake of plasmids not into protoplasts but into
 

more organized structures such as zygotes or developing somatic
 

embryos. Care must be exercised however that :himeras 
can result
 

by this methods.
 

Cereals are normally propagated by seed, this implies that
 

gene 
inserts made by genetic engineering intc the nuclear genome
 

will underco secregation during seed producto:n. 
 This will add
 

to the complexity of the genetics of the gene inserts 
 of
 

interest. 
 This problem is normally not enrountered with the
 

major vegetatively propagated food crops.
 

(B) Potato
 

The potato has already been describer as a model crop
 

plant fo, tissue culture studies (5). It can re 
regenerated with
 

relative ease :rom almost any type 
of expla::. The potato is
 

to by 
 ve--or 


tumefaciens or A. rhizocenes. 


also suscrtible infection the Acrobacterium
 

A later sectic: covers in detail
 

the methodology of gene synthesis regeneration of plants and
 

tests 
for gene insertion and ex)pression.
 



(C) Sweet Potato
 

Of the differe .t worldwide important crops, sweet potato
 

ranks fifth in both economic importance and contribution to the
 

diet in calories and proteins, in developing countries. In
 

compari'onn with other basic food crops little basic 
research has
 

been carried out on sweet potatoes. Results have been described
 

in the literature showing that 
techniques exist for regeneration
 

and propagation of sweet potatoes 
in vitro (6,7). Preliminary 

experiments carried out at t j International Potato Center have 

shown that sweet potatoes are amenable to infection with
 

Agrobacter species and we have been to
able successfully
 

transform sweet potatoes by insertion of a synthetic gene coding
 

for a protein rich in essential acids (8).
 

THE POTATO AS A IfODEL 
FOR CROP PLANT GENETIC ENGINEERING STUDIES.
 

Inoculation with Agrobacterium.
 

The potato is amenable to infection with Agrobacterium.
 

If the stem of in vitro potato plantlets are wounded with a
 

sterile needle 
and inoculated with Agrobacterium rhizocenes,
 

after a few days hairy roots 
will form. These hairy roots are 

characteristic of the malformation caused by the bacterium and
 

are formed as a result of hormonal changes at the cellular level
 

(Figure 1). Likewise :noculation with A. tumefaciens will 
cause
 

the formation of a tumor at the Point of inoculation.
 



These hairy 
roots can be excised and put into culture, on
 

an appropriate nedium 
plantlets can be regenerated from the
 

cultured transforzmed 
roots (Figure 2) (9). These plantlets can 

be propagated in vitro using standard single node propagation 

methods (10). 

In the case of potato it is possible to induce the
 

forma-ion of storage tubers in vitro ii. 
 This is almost the only
 

case in which the food component of the plant can be induced
 

under in vitro ccnditions (Figure 3). This means that evaluation
 

of the full growth cycle can be carried out in vitro.
 

WHAT GENES SHOULD BE INSERTED? SYNTHETIC VERSUS NATURAL GENES.
 

Once it was established that for certain plant species
 

Agrobacterium plasmids offered 
an excellent system for gene
 

insertion 
the next problem was which genes to insert. The
 

answers to that question came quickly, improved nutritional
 

aualities, 
disease resistance, pest resistance, photosynthetic
 

efficiency and ma6v c thers. However, it also became clear that
 

it is one thing :o have a reproducible system for gene insertion
 

but quite another to have genes to insert. Our 
knowledge of
 

methods for gene zdentification and purification are still poor,
 

so in some cases a different approach has been taken, that of
 

using synthetic cene construction.
 



The laboratory synthesis of DNAs began approximately 25
 

years ago. Khorana and co-workers have been at the fcrefront of
 

oligonucleotide synthesis for many years. 
 Their work culminated 

in 19"79, with the synthesis of the structural gene for tyrosine 

RNA, some 200 base pairs in length. This was followed a few 

years later by an English group who accomplished the chemical 

synthesis of the gene for human interferon. This was no small 

feat as the gene fragment was 517 base pairs in length. 

Since this time, a number of advancements have been made,
 

including mechanization 
of this rather tedious chemical coupling
 

process. Most of the available machines utilize the method
 

developed by Caruthers and co-workers, commonly called the
 

phosphite method. Utilizing one of the commercially availaYle 

machines, it is possible to make an oligonucleotide cf 50 bases 

in length with good yield in about 18 h)urs of machine time. 

A plant gene is like all other genes, simply a string of 

nucleic acid bases. It follows, therefore, that if a number of 

bases are added together chemically, in the proper crder, then 

what one is doing is to synthesiZe a gene. What soi-s of genes 

would be useful to synthesize and insert into plants?
 

This article will discuss several types of synthetic 

genes. :n the first instance, our interest may be to obtain the 

product of the n cene, i.e. a synthetic proteir. Later, 

synthetic genes might play a reculatory role in the cell, for 

example, disease resistance. 



(A) 
 Genes Encoding Nutritional Proteins
 

To overcome deficiency of essential amino 
acids in plant
 

proteins, we have synthesized, utilizing a 
DNA synthesis machine,
 

genes which 
code for proteins 
high in essential 
amino acids.
 

These proteins were 
 designed to be 
 highly bioavailable
 

(digestable 
by the animal gut) and have 
 been shown to be
 

biologically stable. 
 Figure I illustrates how these synthetic
 

genes were 
 constructed 
 and clones 
 into bacteria. 
 We have
 

verified rhe structure of several of 
these genes and 
the sequence
 

of one of them is shown in Figure 5 (12).
 

It is worth noting that 
if the gene is inserted "upside 

down" it would still produce a proten 
rich in essential amino
 

acids, since the gene 
was designed to be 
relatively symmetrical.
 

In figure 6, the 
amino acid profiles 
encode a by the synthetic 

cene fragment I a~e compared with those found in lactalbumin and
 

zein. Lactaibumin is 
a high quality milk protein and zain 
is the
 

poor quality major storage protein 
of maize kernals. 
 It can be
 

seen 
that proper supplementation 
of plant proteins with those
 

derived from 
these synthetic 
aenes would markedly improve the
 

balance of their 
most limiting essential amino 
acids. This
 

methoJ of qene synthesis is flex:ible 
enough to produce proteins
 

possessinu a particular 
 amino acid 
 composition specifically
 
designed to supplement any desired feed 
of foodstuff. This
 

synthetic 
 cene has been inserted into Acrobacterium plasmids 

using an intermediate clasmid as a carrier.
 



The synthetic gene was then inserted into potato using the
 

Agrobacterium inoculation 
system previously described, we
and 


have been successful in obtaining 
insertion and expression of
 

this synthetic gene.
 

The above mentioned results are 
an excellent demonstration
 

of how custom made genes be
can synthesised and to
used affect
 

nutritional qualities of 
a crop plant.
 

Many naturally existing nutritionally rich plant proteins
 

have been analyzed and cDNA clones 
isolated from these, of
some 


these genes may be useful for specific needs, for example the
 

storage protein of brazil 
nut has an exceedingly high content of
 

methionine (more than 25%).
 

Bean protein has long been proposed as a highly rich
 

source of proteins and 
recent experiments have shown it is
 

possible to obtain expression 
of cDNA clones of phaseolin in
 

other plants 
such as tobacco" (13). Experiments are also in
 

progress to modify existing proteins such 
as bean proteins to
 

increase their nutritional value and 
 then use these as gene
 

inserts.
 

In this area we believe that both synthetic and natural
 

genes have 
a useful -ole to play in crop plant improvement.
 



(B) Disease Resistance Genes
 

(i) Viruses and Viroids.
 

It has recently been 
found that bacteria regulate
 

expression of 
some genes in a rather novel way. Under
 

conditions where the cell 
would repress the biosynthesis
 

of a particular protein 
an additional 
level of control is
 

exerted. This new 
type of control 
is called "micRNA"
 

control (mRNA-interfering complementary RNA). 
 This micRNA
 

is complementary to 
the 5' end of the gene and when it is
 

produced has the ultimate effect of reducing the amount of
 

protein produced by messenger RNA by annealing 
to the
 

mRNA, thus removing it 
from normal protein synthesis.
 

This mode 
 of gene regulation 
 may offer a
 

revolutionary 
means to control the expression of viruses
 

in animals and 
plants., and therefore, the diseases 
they
 

cause. Animals and 
plants have evolved very precise and
 

elegant mechanisms which allow 
the regulated expression of
 

cheir genes. rMany viruses have "co-evolved" in 
order to
 

exploit the eukaryotic 
cell by mimicking the general
 

structure 
of plant and animal genes. Of course, the end
 

result of this 
 is disease which, 
 in the case of
 

vertebrates, 
is combated 
by the vastly complex immune
 

system. 
 But, many7 viruses can eventually circumvent this
 

response (by slightly altering 
a surface protein, for
 



example, thus making the virus "invisible" to the immune
 

system) and cause persistent infections or totally
 

overwhelm the system (e.g. the AIDS virus) and cause
 

sickness and/or death of the animal. Plants apparently do
 

not possess a sophisticated disease resistance mechanism
 

like the immune system and may be viewed to be more at
 

risk to infection. But, by the same reasoning, so are the
 

viruses -- they are dependent on the animal and plant
 

system of gene regulation and expression to synthesize and
 

translate their own genes. This dependency, in our view,
 

is the key to the control of virus disease.
 

We believe that the above micRNA system may be used
 

to block viroid replication. Viroids are single-stranded,
 

circular ribonucleic acids (RNAs) of a few hundred
 

nucleotides. Viroids are the smallest self-replicable
 

structures known and represent the lowest level 
of life.
 

They are the causative aqents of a number of plant disease
 

and elicit mild to lethal symptoms depending uponthe fine
 

structure of the viroid and the susceptibility of the host
 

plant.
 

A great deal of effort is now being expended to
 

elucidate the general mechanisms of replication and
 

etioinqy of disease sVmptoms of the viroids. Indeed, some
 

informatioI h-s been cbtained which allows one to
 

construct a possible mechanism of replication of the
 

viroid within the plant cell.
 



Figure 7 illustrates a scheme for replication of the
 

viroid which causes a disease in potatoes: Potato Spindle
 

Tuber Viroid (PSTV). What is significant is the fact that
 

in order for replication to occur, the host cell RNA
 

polymerases must recognize and bind to the viroid in order
 

for initiation and subsequent replication of the viroid to
 

occur. Thus, if we endowed plants with the ability 
to
 

produce regulatory RNAs complementary to specific regions
 

of the viroid molecule this would block replication.
 

(ii) Bacteria.
 

Similarly genetic engineering may be a useful way of
 

conferring bacterial disease resistance in 
 potato.
 

Bacterial diseases of potatoes 
such as soft rot (Erwinia
 

carotovora) and bacterial wilt (Pseudomonas solanacearum),
 

cause potato losses in developing countries amounting to
 

hundreds of millions of dollars. As the potato is
 

increasingly grown in warm tropical climates the problems
 

of bacterial diseases become of even greater importance.
 

Until recently there has been only one source of bacterial
 

wilt resistance available to potatc breeders. This,
 

coupled to the enormous range of bacterial races that
 

exist, makes conventional breeding for bacterial
 

resistance difficuLt. We are therefore looking to genetic
 

engineering as an alternative method to confer 
resistance.
 

To do this we may be able to make use of a range of
 

bactericidal proteins in other organisms.
 



One of these organism is the silk moth (Hyalophora),
 

in which the pupae respond to bacterial infection by the
 

synthesis of about 15-20 antibacterial proteins. F:om
 

these newly synthesized proteins have been purified,
 

lysozyme, the antibacterial protein found in egg white and
 

human tears, and two other classes of antibacterial
 

peptides called cecropins and attacins. Lysozyme is
 

effective in limiting some growth in a broad spectrum of
 

bacteria including Erwinia and Pseudomonas. While a great
 

deal of work remains to determine the exact mode of action
 

of these toxins, it is clear that they attack oly
 

bacteria and do not affect higher plant or animal cells.
 

These antibacterial proteins isolated from the silk mnth
 

are thus an attractive genetic system to incorporate into
 

the genome of potato plants to protect them from diseases
 

such as Erwinia and Pseudomonas.
 

(C) Pest Resistance Genes
 

Insect attack of food crops can lead to tremendous losses
 

either by direct destruction of the plants by the insects, or by
 

causing insect damage that allows the infection and spread of
 

other pathogens. Any possible means to increase a plan:'s
 

tolerance to insect damage would thus be of significant value,
 

especially to farmers in the developing world, who often lack the
 

financial resources to :,rotect their crops.
 



Several commercial laboratories are exploring the use of
 

genetic engineering with a natural insecticide to protect plants
 

from insect damage. This natural insecticide, isolated from
 

Bacillus thurincensis, is a protein that forms a high molecular
 

weight crystal. These crystals are toxic to the larvae of a
 

number of lepidopteran insects. Work is currently in progress at
 

the International Potato Center to insert the gene for
 

thuringensis toxic protein into potato plants. In addition to
 

this toxin, we are also looking into the possibility of using an
 

enzyme called chitinase as a natural anti-insect ccmpound. The
 

chitinase enzyme will attack the skeleton and gut of the insect
 

allowing it to contract bacterial infections leading to the
 

eventual death.
 

Perhaps the use of both of these constructions in tandem
 

would be a useful way of conferring insect resistance.
 



REFERENCES
 

1. Greenwood J.S., Chrispeels, M.J. 1985. Correct targeting of
 

the bean storage protein phaseolin in the seeds of
 

transformed tobacco. Plant Fhysiol. 
79: 65-71
 

2. Sun, 	M. 1986. Engineering crc:s to resist weed killers.
 

Science 231: 1360-1361.
 

3. Fraley, R.T., Rogers, S.G.; Hcrsch, R.B.; 
Sanders, P.R.;
 

F!ick,J.S; Adams, S.P.; Eittner, M.L.; Brand, 
 L.A.;
 

Fink, C.L.; Fry, J.S.; Galiuppi, G.R.; Goldberg, S.B.;
 

Hoffmann, N.L.; Woo, S.C. iS3. Expression of Bacterial
 

Genes in Plant Cells. Proc. Natl. Acad. Sci. 
USA (80):
 
48S03-4 07.
 

4. Fujimora, T.; Sakurai, M.; Akaci, H., Negishi, T.; Hirose,
 

A. 1986 	Regeneration of Rice Plants from Protoplasts
 
Proc. 6th International Ccngress of Plant Tissue and
 

Cell Culture JAPTC Minnesota PP. 161.
 

5. Espinoza, N.D.; Estrada, R.; Si>va-Rodriguez, D.; Tovar, P.; 
Lizarraga, R. ; Dodds, J.H. 1986 Outlook on Agriculture 

is (1): 21-26. 
6. Carswell, G.K.; Locy, R.D. 
1984. Root and Shoot Initiation
 

by leaf, 	stem and storage rcDt explants of sweet potato.
 
Plant cell tissue organ cul 3: 229-236.
 

7. Litz, R.E.; 
Conover, R.A. 197E. In vitro propagation of
 

sweet potato. Hortscience '3 (6): 659-660.
 

8. Javnes, J.M.; Yang, M.S.; Espinoza, N.; Dodds, J.H. 1986.
 

Plant protein improvement iv genetic engineering: Use
 

of synthetic genes. Tibtech (4): 314-320.
 

9. Espinoza, N.O.; Dodds, J.H. 1985. 
 Adventitious shoot
 

formation on cultured potatc roots. Plant science 
(41):
 

10. 	 Espinoza, N.; Estrada, R.; Tova:, P.; Bryan, J.; Dodds, J.H.
 
1984 Tissue Culture Tlicrop:9paaation, Conservation and
 
Export or potato ge rDlas-. Soecialized Technology
 

Document 	1. international ?:zato Center, Lima, Peru.
 



1. 	 Estrada, R.; Tovar, P.; Dodds, J.H. 1986 Induction of in 

vitro tubers in a broad range of potato genotypes 

plant cell tissue organ cult 7: 3-10. 

12. Jaynes, J.M.; Langridge, P.; Anderson, K.; Bond, C.; Sands,
 

D.; Newman, C.W.; Newman, R. 1985. Construction and
 

expression of synthetic DNA fragments coding for
 

polypeptides with elevated levels of essential amino
 

acids. Eur. J. Microbiol. Biotechnol. (21): 200-205.
 

13. 	 Goldberg, R.B. 1986. Expression of soybean seed protein
 

genes in transformed tobacco plants. Proc. 6th
 

International Congress of plant tissue and cell culture.
 

IAPTC Minnesota pp 259.
 

14. 	 Crawford, M. 1986. Test of tobacco containing bacterial
 

gene approved. Science 233 (4769): 1147.
 



ACKNOWLEdgEMENT
 

We wish to thank the US-AID for funds to support research on
 

genetic engineering of potato.
 



LEGENDS TO FIGURES
 

Table 1
 

Table showing production and farmgate value of principal
 

basic food crops in developing countries.
 

Figure 1
 

'In vitro plantlet of potato, wounded and inoculated with
 

Agrobacterium rhizogenes. After approx 10 days 'hairy roots'
 

form at the site of inoculation.
 

Figure 2
 

'Hairy roots' are excised and placed into regeneration
 

medium. After approximately the month of culture plantlets
 

:generate from the epidermis of the cultived roots.
 

Fiqure 3
 

In vitro tuber can be induced on potato plantlets propagated
 
in vitro, plantlets of the clone desire6 were treated with
 

cycocel (CCC) to induce the formation of tubers. Mature tuber
 

are approximately 5mm in diameter.
 

Fiqure 4
 

Schematic representation of the steps involved to insert
 
synthetic genes into Ag9robacterium rhizogenes.
 

Ficure 5
 

Base sequence of a synthetic protein coding gene (SP47) made
 

on a DNA synthesis machine (b) above, is translated.
 

Figure 6
 

Profiles of essential amino acids in the synthetic proteins,
 

both readino directions, as compared with other know nutritional
 

protein sources.
 

Fioure 7
 

Schematic representation of the mechanism of viroid
 

replicaticn. Small synthetic fragments (mic RNA) may to
serve 


block viroid replication.
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CIP Collaborative Research on Tissue Culture and 
Genetic Engineering for Potato Improvement 

From its foundation, the International 
Potato Center (CIP)has had a policy 

of collabot itive research with other insti-
tutions to use the comparative advantage 
of each institution to pursue research on 
potato improvement. These types of 
collaborative agreements have allowed 
CIP to reach research objectives more 
rapidly and at low cost. Over the past 
few years, several such collaborative 
arrangements have been adopted by CIP 
to develop new areas of research in plant 
tissuc culturc aind genetic cnginccring, 

Plant ,iotconooyis an area where 
Ci P has Iben active for maTIy \cars, in 
fact many projects that \%oul d be con
sidcred biotcchnol,,gy rcscarch in other 
institutions are already part of the routine 
work in CIP's tissuc culture laborator,.
 
This would include, for example, gcrm
plasm conservation and distribution
 
in vitro of pathogen-tested materials
 
(Schilde-Rcntschler and Sctuedlchc,
 
1984; Tovar ct al.. 1985).
 

In recent years CII' has developed a
 
number of new and exciting.areas of
 
r:.,carch in tissue culture and genetic
 
engineering :n collaboration with many
 
research institutions in diffcrent parts
 
of the world 'omc of these rescarch 
activities are still in the initial phase and 
will need several more years of develop" 
merit until the resulting technosogies 
can bc transferred to practical use in 
farmers' fields. It is important, however, 
to explain how this type of research is 
progressing, what Cll1s obJectivcs arc, 
and how this type of work will help CllPs 

]j. If. Dodds,Tissue (.uhurr Specialist, Inter-
national Potato Center, 1.O. Box 5969, Lima, 
Peru. 

John H. Dodds i 

current research programs and research 
within national potato programs. In 
some cases, even though the technologies 
themselves may be inappropriate for 
direct transfer to national programs, the 
improved germplasm resulting from these 
technologies may be of fundamental 
importance in breeding. leading to the 
release of new improved materials for 
nationai programs. 

Training courses on different aspects of 
plant biotcchnology, i.e., tissue culture, 
have been held o\r the last five vcars at 
CIP headquarters n Linma, in various 

countries such as Turkey, Vietnam, and 
Venezuela, and in collaboration with 
other agricultural research institutions. 

Genetic Engineering 

In collaboration with Dr. Jesse Jaynes of 
the Biochemistry Department at Lout
siana State University, United States, CIP 
has developed aproject to insert synthetic 
genes into potato plants. In this project 
vc use Agroacterium plasmid vectors 

A petri dish containing roots formed at the siteof inoculation of an in vitro plantlrt (potatoclone K-2). The roots wc,. ',nduccd by inoculating the plantlet with A raboctetium. GeneticaIlly engineered plants can be regenerated from these cultured rnos. 



(Espinoza et al., 1986, 1987), a system of On the basis of the success with the 
gene transfer now used by several labora- synthetic protein gene, CIP is directing
tories worldwide, including laboratories attention to the possible use of genetic 
in Europe, United States, Brazil, Mexico, engineering to give the potato plant
and India. The primary objective of the resistance to pests and diseases. Through
project is to enhance the nutritio:nal collaborative links, CIP hopes to genet
value of the potato by obtaining the sup- ically engineer potato plants for resistance 
plementary production of a synthetic to viroid and virus infection by inserting

-t ata potato p protein rich in essential amino acids, gene sequences that will interfere withBo 5969.The synthetic protein is produced from a virus and viroid replication. This ap-
SE proach would allow potato plants to besynthetic gene that can be synthesized by

Z I machine in the laboratory of Dr. Jaynes. grown for more generations in the field
Through this research collaboration, before degenerating with virus infection. 

CIP has been successful in inserting the CIP's primary interest is to give resistance4.,'o b ,, 1b E synthetic gene into potato plants. We to potato spindle tuber viroid (PSTV) 
,~hhAcov, -have T,e also proved that the gene is tran--, and potato leafroll virus (PLRV). 

scribed and produces a corresponding CIP is also attempting to engineer re.,edge 44' of -Ae;Xmessenger RNA (MIRNA) molecule, sistance in the potato to diseases causedwhich is then translated in the plant to bv' bacteria such as Pseudomonas and 
produce the synthetic protein (Fig. I Erwinia. For these experiments, weW 01 shows these translational steps). This are using genes that have been purified 

-, synthetic gene project has proved fo: and code for proteins with potent anti-CIP that the technology now exists to bacterial activity. A genetic engineering
genetically engineer genes into the approach to bacterial disease resistancepotato (Fig. 2). Much more research, mav' allow us to develop clones with 
as well as the appropriate legislative resistance to both Erwinia and Pseudo
measures, will be needed before these monas in a given clone without major
genetically engineered plants can be changes of the existing agronomically 
released to national potato programs. acceptable characters. 

LIPW. A
A 

AtATTCGcoGtATCGTAAGA;..TGG.TGGATCGTCTCCATTTCTTCATCCATTTCTTAC 
GCCCCTAGCATTCTTTACCTACCTAGC J.GTAGGTI;AGGT-rAGGTtJ.G;GAATG 

SGAT CCATCCATT TCT TAGA3ATG GATGAG ., TG GATGACGAT CCA TC CATT TC TT 
C CTAG"TAGGTAAAGAATTCTTACCTACTTCTTTACCTACTGCTAGGTAG....7.:.A 

CATCCATTTCTTC*TCCATT.TCTTACGATC -GAAATGGATG/GGAATGATG-GA 
GTAGGTAAAGAAGTGGTAJAGAJJTG TAGTTCTTTACCTACTT.TTTACCTAC,.T'.T
 

7L TG GAT GAAGA7JTG GATG C.AT CCATTT CTTAAlGAAT GGA7T GAGAA.AT GGAT GAA 
S.. . . . TTACCTACTTCTTTACCTACGTAG.T 7. GAATTCTTTACCTACTTCTTTAC TTT
 

GAATGU'ATGA CGATCGATCGT7%GATG GATGACGATC CATC CATTTCTTACG;,TC

it L 7CTTTACCTACTGCTAGCTAGATTCTTTACCT.ACTG
CTA,,TAGCTAAA&ATGCTAG
 

CCCG
 
* = .e GGGCTTAA 

SIGyAspArg LysLysTrpMetAspArgH isProPheLeuHisProPheLeuThrl leH isProPhe: MaC, a. * * -. . .. Leu LysLysTrpMet LysLysT rpMetThrlleHisProPheLeuHiProPheLeuHisProPheLeuThr 
lIeLyILysTrpMetLysLyTrpMetLysLysTrpMetLysLysTrpMetHisProPheLeuLysLys-Trp 

Met LysLysT rpMet Ly&Ly&T rpMetThrIleAspArgLysLysT rpMetThrIleH isProPheLeuThr
IlePro 

~ ~ .a. .. . 0... 

i Fig. 1. (A) A synthetic DNA sequence coding for a protein rich inessential amino acids that can 
be translated to give the protein molecule shown in (B). 
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Protoplast Fusion
 

'A , 

Ti pIasrm id 

"to 

Hybrid plasmid 

HEAAE-DNA 

. 

Hybrid piasmi 
Conltainiog 

Transtormation o 

Agrola ctera 


Hybridmethod. 

p asmci 

Sgenome 

vWicl'ype T, plasmd 
,.cin , n g ,nerted ilection of potato tissue ?;,d 

i -" ' AA ,c:eneralion of whole planA 

V ,from 

Fig. 2. Abnive: The diagram shows the steps followed in the genetic engineering of potato plant. 

A hybrid plasmid is constructed, the foreign gene is inserted, and the plasmid is introduced into 

Agrobacterium. The Aorobacterurm, containing the foreign gene, will be used to inoculate the 
plant, in which the ssnthetic protein is to be produced. Btelow: two pots containing potato clone 

K-7: on the tohi is the genetically engineered plant containing the synthetic gene, and on the left 
i. the control plant (non-engineered). 

Protoplasts ar "naked" plant cells in 
which the outer rigid cell wall has been 
removed by e.-.ymic digestion. The 

absence of tht cell wall makes it possible 
fuse togetl-r protoplasts to produce 

hybrids that cannot be produced by con
ventional breeding. The potential of 
using this tecr.nology to produce hybrids 
between sexuilly incompatible species is 
an idea that his been discussed by tissue 
culture tcchnalogists for decades; how
ever, to date. to agronomically useful 
fusion produz: has been produced. 

In collaborztion with Professor Esra 
Galun of the Weizmann Institute in Israel, 
CIP is develo7:ng a potato protoplast 
fusion progrL-i with a different objective 
and methodc.ogy. The idea is to trans
fer the nuclr:s of one genotype to the 
cytoplasm o another genotype (donor
recipient app.oach). This technique 

has proved useful in the transfer of cyto

plasmic cliarz-ters, particularly cyto

plasmic male sterility in tobacco (Galun 
et al., 1981. "983)-we hope to do the 
same with potato. The diagram in Figure 3 
shows the prnciple of the donor-recipient 

The result of the fusion on 
.the two protplasts is that the nuclear 

of o- clone is transplanted into 
the cvtoplas.:c genomie of the secL.,id 
clone. This ::chnologv should allow us 

to produce f- .ale parent lines with male 
sterility; thu >vbrid true potato seed 
call be prodL ted without the need of 
eiascuIlting :cmalc plants. 

Anther Culture 
The ability t, regenerate haploid plants 

pollen r-ains is one of the great 
success stori. of plant tissue culture. In 
a collaborai;n research project between 
CIP and Dr. Andrea Sonnino of ENEA, 

the Italian N-lear Research Agency, 
reasons are b::ng investigated as to why 
in some pota:m, genotypes it is easy to 
obtain dihav.)ids while in other geno
types it is in.,ossible. This so-called 
tissi'cultit: abilit (UICA) (Sonnino,, 

1984; Wenz, and Uhrig, 1981 ) has been 
shown to be --rider genetic control, and 
it may now r-0ve possible to move 
this characte:-stic from one genotype 

to another. 7nis TCA also appears to 
control othc- aspects of tissue culture 
regeneratior. :ncluding regeneration 

from somat: tissues such as leaves and 

stems. 

Many expre:ments involve the regenera
tion of pota" - plantlcts from cultured 
explants; for example, in genetic engi
necring cxp-:.-ments, plantlets are often 
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the genetic stability of potato germplasm 
held by CIP and other national programs. 

Pathogen Elimination 
2, 2b 	 The present system of pathogen elimina

# ~ tion used routinely at CIP and in most 
/ -. national programs that have a pathogen

N 5 ' eli'mination program is thermotherapy 
Sof whole plants for four to six weeks at 

36'C followed by meristem isolation and 

4/ EDCIUM culture. In collaboration with Dr. Stephen 
Slack of the University of Wisconsin 
in the United States, CIPl is developing 

5 6 7 - 9 in vitro methods for thermotherapy and 
-" chemotherapy. Plantiets already in an 

in vitro germplasm collection, but still 
contaminated with viruses, are treated

>in vitro by both chemotherapy (i.e., with 
Virazole) and by thermotherapy in test 
tubes, which are placed in a small heat 

Shoot tips and meristems areFig. 3. The "donor-recipient" method of cytoplasmic hybridization: scheme of procedure. chamber. 
then excised, cultured, and indexed.Legend for numbers: (la) "donor" leaf a%source of protoplasts; (lb) cell suspension culture as 

source of "recipient" protoplasts; (2a) maceration of "donor" leaf in en7 -me solution; (2b) mac-r-*catc Results from Wisconsin ir, that tis 

ation of recipient cell suspension in enzVme solution; (3) mixing of X-ir. Adiated "donor" and method is highly efficient as a method of 
non-irradiated "recipient" protoplasts; (4) insertion of 0.25-ml-mixed protoplast suspension to the virus eradication. The adoption of this 
center of a petri dish; (5) addition of 0.35 ml polyethylene glycol (PEG) solution; (6) addition of methodology at CIP will allow an increase 
0.5 ml CPW; (7) removal of solutioi., leaving agglutinated protoplasts on the dish; (8) addition of in the amount of material that can be 
0.5 ml CPW; (9) final dilution of fused protoplasts with liquid medium. Protoplasts of "donor" (a) freed from viruscs. Consequently, CI? 
and "recipient" (b), containing nuclei (N), rnitochondria (Mt), and chloroplasts (Chi) or plastids will be able to provide more material 
(PI), as well as fusion product protonLists with only one functional nucleus, are presented in a much mor2 quickly to national programs 
highly schematized manner (Galun and Aiv, 1983, p. 377). for h1:-_e:ding and seed programs. 

Conclusions 
In of in vitro methods are being tested,geneiated from cultured leaf discs. 

1
periments at CIP, which sapport the by various methods to determine the C P has dcvcloped and continues to de
ork of the Breeding and Genetics level of somatic mutation in tissue velop a numbcr of collaborative research 
epartmen', ch.romos(ome numbers are culture material, projects in tissue culture and genetic 
,ubled, i.e., tripi )id to hexaploid, by A number of biochemical methods, engineering, some of which have already 
'generation from petiole segments. 	 some conventional and some nonconven- yielded information and methods that 
more detailed knowledge of the tional, can be used to look for these can be adopted as part of CIP's routine 

'generation mechanisms involved helps major or minor genetic changes. Plaots laboratory methods. These methods are 
to develop routine cell and tissue can appear to be unchanged by morpho- now being transferred to national pro

ilture techniques that are important logical analysis; however, more detailed grams through training courses at CIP 
1the many routine a :'ivities of CIP1's biochemical anal'sis can detect minor headquarters and in the regions. Some of 
ssue culture laboratory. 	 genetic changts. Electrophoresis involves the projects arc medium-term (3-5 years) 

the analysis of solubhe proteins from and still need further refinement and 
potato tubers. Figure 4 shows an electro- development before the technology or 

Genetic Stability In Vitro pherogram in which the pattern of bands improved germplasm will be ready for 
is highly individual and minor changes transfer to national programs. A few of 

The use of tissue culture methods to can be noted, the projects are technically complex and 
produce so-called somaclonal variation An even more sensitive method of should be considered as long-term (5-8 
(genetic variation induced by regenera- analyzing l)NA structure has been devel- y'ears), but thev' should eventually yield 
tion from somatic cells that have under- oped in a number of laboratories over improved germplasm of importance to 
gone chromosomal changes) has drawn recent years, this highly sensitive system iiational programs. Collaborative research 
attention to the overall stability of tissue is known as restrictionfragment length in these areas has allowed CIP to maintain 
culture mezhods for propagation and pyiiymorpbism (RFLP). In simple terms, an up-to-date link to new technologies 
conservation of potato genetic resources. RFLP involves cutting the DNA of potato and will continue to enable CIP to facili-
In collaboration with Dr. Michael Jones chromosomes into small fragment., tate the transfer of these technologies 
of the Rothamsted Experimental Station separating the fragments on a gel, and to national programs. In areas where 
in the United Kingdom, CIl5 is investi- looking at the pattern. Figure 5 shows a research progress is rapid, collaboration 
gating the genetic stability of all its in RFLP pattern gel obtained through a CIP with experts worldwide allows CIP to 
vitro methods. Potato plantlets propa- research contract. This project will help assist national programs in the most 
gated and regenerated b' a wide range us to develop methods that will ensure effective manner possible. 

4 



... References
 

Espinoza, N. 0., S.F. Yang, J. M. Jaynes, 
and J. H. Dodds. 1987. Plant cell tissue 
and organ culture. Scientific American. 
In press. 

Espinoza, N. 0., S. F. Yang, J. M. Jaynes, 
and J. H. Dodds. 1986. Plant cell tissue 
and organ culture. Trends Biotechnol. 
4(12):314-320. 

Galun, E., and D. Aviv. 1983. Cyto

plasmic hybridization: genetic and 

breeding applications. 1. 358-392. 
In D. A. Evans et al. (cc s.). Handbook 

of plant cell culture, vo . 1. New York: 
Macmillan Publishing ("o. 970 p. 

Galun, E., P. Arzee-Gjnen, R. Fluhr,
am%O lw W*, 	 M. Edelman, and D. Aviv. 1981. Cyto

plasmic hybridization inNicotiana: 

Fig.4.Electrophoretic protein patterns of potato clones produced by analysis of soluble protein mitochondrial DNA an ilysis inproge
analysis on polyacrylamide gel. nies resulting from fusion between 

protoplasts having different organclle 
constitutions. Molec. Gen. Genet. 
186:50-56. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
-Potter, R., and M. G. K. Jones. 1987. 

Development of molecular finger
printing to study stability of potato 
during micropropagation and storage. 
Progress report of CIP collaborative 

research project with Rothamsted 
Experimental Station, Htens, U.K. 

Schilde-Rentschler L., and P. E. Schmied

, 'iche. 1984. Tissue culture: past, present 
and future. CIP Circular 12(1):1-6. 

International Potato Center, Lima, Peru. 

SSonnino, 	 A. 1985. Anther culture and 
its uses in potato breeding. p. 319-335. 
In Innovative methods for propagating 

potatoes. Report of 28th CIP Planning 

Conference, December 10-14, 1984. 
Lima, Peru: International Potato 

0 	 Center. 342 p. 

Tovar, P., R. Estrada, L. Schilde-
Rentschler, and 3. H. Dodds. 1985. 
Induction and use of in vitro tubers.

0.	 CIP Circular 13(4):1-6. International-


Potato Center, Lima, Peru. 

Wenzel, G., and H.Uhrig. 1981. Breeding 

• ) 	 for nematode and virus resistance in 
too 	 ''potato via anther culture. Theor. AppI: 

Genet. 59:333-340. 

Fig. 5. A DNA fingerprint of II different potato clones and 3 molecular marker standards. The 
DNA was cut with one restriction enzyme and hybridized with the patatin gene probe. The 
different patterns of bands show clearly the genetic differences among these clones (Potter and 


