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Effective systems for the production o f  FI hybrids have now  been developed in 

a wide range o f  crop plants using, in the majority o f  cases, cytoplasmic male sterility 

and to a m uch lesser extent, self incompatibility while the present system o f  hybrid 

production have proved their value in field, and the resulting hybrid varieties have often 

substantially improved yield potentials, they suffer from a number o f  disadvantages. 

Here comes the role o f  apomixis.

However, before embarking on a systematic effort to develop apomictic crop 

genotypes it is important to understand the sorts o f  mechanisms that lead to  asexual 

seed production in plants and which o f  these mechanisms are exploitable in agricultural 

systems The aim o f  this paper is, therefore, to summarise current knowledge o f  the 

types o f  apomixis encountered in plants

M O D E S  O F  R E P R O D U C T IO N  IN PL A N T S

The various modes o f  reproduction found in crop plants may be broadly grouped 

in to two categories. 1 Sexual 2 Asexual 

Sexual reproduction

Sexual reproduction involves fusion o f  male and female gametes to  form a 

zygote, which develops in to an embryo. Progeny will have both the characteristics o f  

male and female parents 

Asexual reproduction

Asexual reproduction does not involve fusion o f  male and female gamete to 

form a zygote Asexual reproduction is o f  two types 

I . Vegetative reproduction 2 Apomixis 

L Vegetative reproduction

New plants arise from vegetative part o f  plant This mny occur through modified 

underground and sub- aerial stems and through bulbils



Eg: Rhizome, setts.

2.Apomhris

Seeds may arise from embryo with out fertilization. Apornixis in flowering 

plants is defined as the asexual formation o f  seed from the maternal tissues o f  ovule 

avoiding the processes o f  meiosis and fertilization, leading to embryo development. 

Winkler introduced the term apornixis. Which means the substitution o f  sexual 

reproduction by an asexual multiplication process without nucleus and cell fusion.

Initial discovery o f  apornixis was on a solitary female plant o f  Alchomea ///cz/olia, 

which sets seeds at Kew Gardens in England The current usage o f  apornixis is 

synonymous with the term agamospermy (Richards, 1997).

PR EV A LEN C E OF A PO M IX IS

It has been described in over 400 flowering taxa, including representatives o f  

over 40 families (Carman, 1997) and it is well represented among both 

monocotyledonous and eudicotylcdonous plants, though it appears to be absent in 

gymnosperms O f  the plants known to use gametophytic apornixis. 75% o f  confirmed 

examples belong to three families Astcraceae.Poaceae, and Rosaceae. which 

collectively constitute only 10% o f  flowering plant species Apornixis frequently is 

associated with the expression o f  mechanisms that limit selfertili/ation (autogamy) 

Many apomictic plants belong to genera in which sexual membeis predominantly 

exhibit physiological self incompatibility, dioccy, hctcrostyly or polyploidy In some 

cases it is clear that apomicts themselves have retained such mechanisms Dioecy is 

known in a number o f  apomicts, such as Antcnnaria, and Coprosma (Ileenan etal. , 

2002). Similarly self incompatibility was demonstrated recently in apomictic species 

Hieraciumpiloselloides (Bicknel etal., 2003). ,

Apomicts are found commonly in habitats that are frequently disturbed or either 

where the growing season is short such as arctic and alpine sites, where other barriers 

are operate to inhibit the successful crossing o f  compatible individuals such as among



widely dispersed individuals within a tropical rain forest (Asker and Jerling, 1992). 

Gametophytic apomixis is known among herbaceous and tree species, but it is 

considerably more com m on among the former.

CLASSIFICATIO N O F A PO M IX IS

Several systems have been proposed for the classification and description o f  this 

phenomenon.

Classification by Stebbins ( 1950)

Under this scheme apomixis may be broadly classified in to two main types 

vegetative reproduction and agamospermy, asexual seed reproduction. As emphasized 

by Stebbins (1950) not all types o f  vegetative reproduction can be termed apomixis, but 

only those that are substitutes for the sexual method These include the bulbils or other 

propagules, which replace flowers or inflorescence. This form o f  reproduction often 

incorrectly referred to as vivipary, has been reported in a number o f  genera including 

Allium, Polygonum, Agave, Poa and P'cstuca H owever the term also covers 

reproduction by stolons,rhizomes, runners and the like where sexual icpioduction are 

not functioning Several authors have argued against the inclusion o f  \cgeta tive  

reproduction under the general heading o f  apomixis.

Agamospermy can m turn be divided into two main categories, adventitious 

embryony, and gametophytic embryony. In adventitious embryony the embryo develops 

directly from sporophytic cells in the ovule without any intervening formation o f  

embryosacs and eggcells This phenomenon has also been called sporophytic embryony 

Nucellar and integumenfal embryony arc the sub divisions o f  sporophytic embryony.

In gametophytic apomicts the embryo develops without fertilization from a 

diploid gamctophyte As stressed by Stebbins (1940) gametophytic apomicts must 

involve two processes not found in sexual plants, substitute for mciosis and a substitute 

for fertilization . Modifications o f  mHosis fall into tw o types - npospory in which an 

unreduced embryo sac is formed from somatic cell in the ovule by n series o f  mitotic 

divisions And diplospory, where unreduced embryosacs are formed from a cell of



archesporrum by circumvention o f  modification o f  meiosis. So that a reduction in 

chromosome number doesn ’t occur. Unreduced embryosacs formed by apospory or 

diplospory may give rise embryos by parthenogenesis or pseudogamy.

Gametophytic apomixis may be obligate or facultative. In obligate apomicts, the 

sexual process had been replaced completely by the asexual method o f  reproduction. In 

contrast in facultative apomicts, the sexual and asexual methods o f  reproduction coexist 

in one plant. Obligate apomixis is more useful in crop improvement programme.

A gam osperm y

Gametophytic apomixis

Apospory
I

Diplospory

I

i
▼

Adventive embryony

Parthenogenesis Apogamy

(Stebbins ,1950)



C LA SSIFIC A TIO N  BY  F R A N K E L  A N D  G A LU N  (1977)

This classification is widely used. Frankel and Galun classified the apomixis into two 

types agamospermy and vegetative apomixis as follows,

J
(Frankel and Galun, 1977)



AGAMOSPERMY

1 .A D V E N T IT IO U S E M B R Y O N Y

Embryo develops directly from sporophytic cells in the ovule without any 

intervening formation o f  embryo sacs and egg cells. It is also known as sporophytic 

apomixis.Two types o f  adventitious embryony are,

1 .Nucellar embryony- Embryo develops from nucellar tissues. It is common in citrus 

and mango.

2. Integumental embryony- Embryos develop from integuments o f  ovule. 

2 .S E M IG A M Y

Semigamous type o f  apornixis is closest to sexual process o f  reproduction In 

Rudheckia or these types of plants, normal pollination takes place, pollen tubes enter the 

embryo sac and male gametes are separated. One o f  male gametes going to polai nuclei 

and other entering egg cell But fusion o f  male gamete with the egg cell nucleus does 

not take place Thus binucleate zygote develops in which both the nuclei, from the egg 

cell and pollen cell, divide independently o f  each other Embryo in this case is a 

conglomeration o f  cells with male and female nuclei 

E.g. tomato, cotton, Rudheckia (black eyed susan). variegated plants

3.PSEUDOGA1M Y

Normal pollination occur, the pollen tube grow  and reach the embryo sac, one of 

male gametes fuses with the polar nuclei, and the other enter egg cell The male gamete 

does not fuse with egg cell, but degenerates The nucleus o f  egg cell starts further 

division to form embryo with only female nucleus An essential condition for 

pseudogamous development o f  embryo is fusion o f  one o f  male gametes with the
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central nucleus o f  the embryosacs, after which the endosperm develops. In such cases, 

the development o f  embryo is brought by the stimulating effect o f  endosperm.

Eg: Potentilla sp., Solatium

4 .A N D R O G E N E SIS

The male gamete enters the egg cell, but degeneration o f  egg cell takes place, 

the nucleus o f  pollen is preserved and functions in cytoplasm o f  egg cell. Thus the 

embryo o f  male origin develops Anther and pollen can also be cultured in tissue culture 

medium.

Eg: Nicotiana and rice.

5 .A P O G A M Y

The egg cells as well as the other cells o f  the female gametophyte have the 

capacity for further development The embryos are formed along with the eggcell from 

synergids and from antipods Such apomictic development, in which the embrvo 

develops not from the egg cell but from other cells o f  female gametophyte is called 

apogamy. M ost commonly this occurs in the cells o f  egg apparatus where it is often 

difficult to establish, which o f  three cells is the egg cell and which arc synergids In 

other cases synergids acquire the appearance o f  egg cells 

Eg orchids and Allium, liliaccac family

If the embryo develops in haploid embryo sacs it is called haploid apogamy. In diploid 

apogamy embryo develops in diploid embryo sacs

6 .P A R T H E N O G E N E SIS

A utonom ous development o f  an embryo from female gametophytes in the 

absence o f  pollination or any stimulus from male gametes.

Tw o types are,



s

1.Haploid parthenogenesis  -  embryo is developed from haploid egg cell in ovule 

(embryo sac is haploid).

Eg: tomato, potato , and wheat

2.DipIoid parthenogenesis  -  embryo is derived from diploid egg cell in ovule (embryo 

sac is diploid). E.g.: m eadow  grass.

Diploid parthenogenesis is classified in to apospory and diplospory based on origin o f  

diploid embryosacs.

Apospory

Diploid embryo sacs develop from somatic nucellar.or chalazal cell. It is common in 

poly ploid species.

Diplospory

Diploid embryosacs develop from megasporc mother cell (2n) without meiosis

a.haploid diplospory: embryo develops from haploid egg cell

b.Diploid diplospory : embryo develops from diploid egg cell

C a u s e s  o f  p a r t h e n o g e n e s i s

^ E a r l y  degeneration o f  sperm 

^ V e r y  long style 

^ S c h le r e n c h y m a to u s  style 

^ S h o r t  pollen tube 

^ S l o w  rate o f  pollen tube growth

^" in ab il i ty  o f  pollen tube to discharge the contents inside the 

embryo sac

Artificial induction of parthenogenesis

> By the stimulation o f  widely related pollen or foreign pollen

> By low temperature



>  By pollinating w ith  X- ray irradiated pollen

>  By treatment w ith chemicals like Belvitin 

V EG ETA TIV E A P O M IX IS

The new  plants are arised from modified floral organs. It is o f  tw o types.

1.vivipary: vegetative organs are formed instead o f  flowers. E .g .: Poa

2.pseudo vivipary: vegetative organs are developed along with flowers.

Eg: bulbils in Allium (leek). 

T Y P E S  O F  A P O M IX IS  T H A T  A R E  U SE FU L  IN P L A N T  B R E E D IN G

The two broad categories o f  apomictic plants arc, obligate apomicts those plants, 

which reproduce only through apomixis and facultative apomicts, those plants, which 

reproduce through sexual and apomictic reproduction. Obligate apomixis is more useful 

in plant breeding than facultative apomixis 

Four processes that are useful in plant breeding are,

1 Diplospory

2 Apospory

3. Automixis or fusion o f  reduced cells 

4 Semigamy

1. Diplospory

In diplospory , the megaspore mother cell differentiate like that o f  sexual ovules, 

but its nucleus doesnot undergo meiosis Instead thc nucleus divides, mitotically or 

meiotically with First Division Restitution (FDR) In FDR the nucleus doesn ’t undergo 

the normally expected disjunctional separation o f  hom ologous chromosomes at 

anaphase I. Instead, the entire diploid complement divides meiotically, giving rise to a 

dyad with tw o unreduced spores. The two daughter nuclei are by and large similar, the 

embryo sac originates from such nuclei and carries the un reduced genom e exactly 

similar to maternal tissue



2. A pospory

Apospory differs from diplospory only in the origin o f  embryosac.Any cell from 

the nucellus forms the embryo sac. The types o f  divisions are similar to those in 

diplospory.

3. Fusion o f  reduced cells, Automixis

Fusion o f  tw o haploid nuclei in a meiotic embryo sac or restitution in the in the 

second division o f  meiosis also results in diploid reproductive cells. Such diploid cells 

will be completely hom ozygous and as such are useful in the practical exploitation o f  

apornixis 

4.Semigam y

The male nucleus penetrates the eggcell but doesn’t fuse with the egg nucleus, 

both nuclei divide independently and the embryo shows a co- existence o f  female and 

male nuclei This phenomenon has been used for the production o f  haploids in cotton 

(Turcottle and Feaster, 1967)

G E N E T IC  C O N T R O L  O F  A P O M IX IS

The inheritance o f  gamctophytic apornixis has been reported to be associated 

with the transfer o f  either a single locus or a small number o f  loci in most o f  the systems 

studied to date In the aposporous grasses I ’cnni.wtum , Ranicum, and Rrachiaria (Valle 

e ta l , 1994) apornixis is reported to be simply inherited , with the trait conferred by the 

transfer o f  a single dominant factor Simple dominant inheritance also has been 

reported for apospory in the dicotyledonous genera Ranunculus and Hieracium 

(Bicknell etal. 2000). I Among the diplosporous apomicts, independent inheritance o f  

diplospory and parthenogenesis has been observed in the dandelion Taraxacum and in 

Erigeron (Noyes, 2000)

It is widely generalized that there is either one locus, or only a small number o f  

loci, involved in the inheritance o f  apornixis in native systems In almost nil o f  cases 

mentioned, the inheritance o f  apornixis was recorded after crosses between closely



related sexual and apomictic species. Apomixis is a complex trait. Ideally it should be 

measured strictly through the production o f  genetically identical seedlings, coupled with 

an embryological study to confirm the reproductive mode o f  each progeny plant and an 

assessment o f  ploidy in all individuals. Recent studies also suggest that three unlinked 

loci are required for the inheritance o f  autonomous diplosporous apomixis in 

Taraxacum officinale (Van Dijk e ta /. ,2003).

An apparent interspecific hybrid origin also is a com m on feature among 

apomicts, and the combination o f  polyploidy and hybridity is believed to have resulted 

in allopolyloidy in many gametophytic apomicts (Roche eta/, 2 0 0 la).Hybridity between 

related species has been a key factor in the formation o f  many apomictic complexes and 

that different types o f  apomixis and related phenomena are all expected out comes o f  a 

theoretical model based on the disjunction of a relatively small number o f  key 

regulatory events

There is growing evidence for the presence o f  supernumerary chromatin in 

several apomictic species, and it is clearly involved in the inheritance o f  apomixis in the 

grasses Penniselum squamulatum and ( 'cnchrus ciharis (Roche clai 2001b) It also has 

been proposed that the inheritance o f  aponnxis may be favoured by the mediation o f  a 

diploid or polyploid gamete (Noglcr, 1986) Apomictic polyploids often are capable o f  

producing diploid progeny, typically through the operation o f  polyploidy a natural 

mechanism analogous to haploid parthenogenesis that often is observed in apomicts 

(Asker and Jerling, 1992) j

D E T E C T IO N  O F A P O M IX IS

Apomictic reproduction is mostly observable in an offspring that is more 

uniform than expected, the uniform plants being similar to the mother plant The 

percentage o f  uniform plants gives the degree o f  apomixis in the female plant If use o f  

own pollen is possible the lack o f  inbreeding depression in most o f  the progeny plants is 

another indication An enhanced number o f  multiple seedling too refers to apomictic



behaviour, found 1- 2%  twin seeds in the apomictic grass Poa prcitensis in the cross 

fertilizing species Lolium perenne and in Phleum pratensis only 0.04%. An uneven 

chromosome number (triploid, aneuploid) combined with an undisturbed seed setting is

typical o f  apomictic reproduction.

Embryological studies o f  young ovules can confirm apomictic behaviour. The 

occurrence o f  more embryo sacs in the young ovule is an important criterion.In some 

grasses the aposporous embryo sacs are not full grown but four nucleate. In 

diplosporous apomicts cytological studies should give information on whether the first 

division o f  a megaspore mother cell is meiotic or mitotic, which is not easy because o f  

the small size and early age o f  ovule when meiosis occurs (Bashaw, 1980).

Embryological studies inform on the mechanism o f  apomixis, but progeny tests 

are required to determine the degree o f  apomixis. An aposporous embryosac itself will 

not guarantee a wholly or partly apomictic progeny, because it can fail to develop into a 

seed (Grazi ctcil, 1961) In many breeding programme only progeny test is used 

because the cytological work requires special equipment and expertise and is laborious 

For highly reliable tests, many plants are needed and 60- 100 progeny plants arc used 

Other indications o f  apomixis are, Callose (Ji I, 3- linked Glucan) depositions, observed 

during megasporogcnesis in sexual species are nearly lacking in thc developing 

apomictic embryosacs and uniformity o f  progenies from heterozygous or cross 

pollinated parents

IN T R O D U C T IO N  OF A P O M IX IS  IN TO AMP1IIMK TIC ( H O PS

Transferring the apomictic trait to dcsncd varieties means fulfilling one o f  the 

most cherished dreams o f  plant breeders, to allow elite cultivars to reproduce with out 

losing hybrid vigour and or desirable traits Overall two general approaches can be 

followed in introducing thee trait.

1 Introgression using classical methods

2 Denovo engineering o f  apomixis through biotechnology



Introgressioo using classical methods

An advantage o f  classical methods is that no prior knowledge o f  the molecular 

aspects or o f  the genes involved is needed. The introduction o f  apornixis may be done 

by any o f  the following three strategies.

I.Introgression o f  apornixis from an apomictic wild relatives

Wide crosses can be performed to introduce the apomictic trait from a wild 

species to the cultivated species. ARS-USDA  staff and collaborating scientists followed 

this method where they transferred the trait from eastern gamagrass ( Tripsacum 

dactyloides) to com, there by producing the first apomictic corn in 1998.

Eg. Beta vulgaris, a diploid cross breeding crop, can be hybridized with tetraploid 

apomictic forms o f  Beta lomatogona and Beta intermedia From these crosses, triploid, 

tetraploid and pentaploid apomictic plants can be selected (Cleij ' , ^ 9 7 6 )  An apomictic
A

Beta cultivar could not only fix heterosis but as the apornixis is o f  the autonom ous type, 

pollination problems could be eliminated.

In self fertilizing crops, introduced apornixis could he used for the production o f  

true breeding heterozygous cultivars In Triticum aestivum apornixis could be 

introduced from the related Agropyron scahrum, which give fertile hybrids with 

Triticum aestivum Hcrmscn (1980) suggests that in Solatium tuberosum possible 

apomictic cultivars could be used for raising potato fiom botanical seed instead o f  

tuhers

2 Generation o f apornixis through hybridization o f sexual pi ogenitors - this strategy is 

based on the genome collision theory for apornixis evolution which assumes that an 

apomictic hybrid can be obtained by crossing two rcpmtluclivcly divergent ecotypes

3 Combining reproductive mutants showing some aspects o f apomixes - in crosses 

between reproductive mutants that exhibit non -recurrent forms may be done to produce 

an apomictic cline

Denovo engineering of npomixis through biotechnology

In theory, it is possible to introduce apornixis to many species using 

conventional breeding approaches, it is more efficiently done using biotechnology or by



the combination o f  the tw o approaches. Biotechnology also is the only resort for plants 

that have no apomictic relative species.

The engineering o f  apomixis may be done at both gametophytic and sporophytic 

levels requiring several assumptions and concerted effort in threre maoin areas:

1. Identification and characterisation o f  candidate genes.

2. Isolation o f  prom oters  to allow precise control o f  the genes at both spatial and 

temporal levels.

3 Development o f  technologies to introduce and control transgenes and or perform 

targeted mutations.

A P P L IC A T IO N S  O F  A P O M IX IS

1 Fixation o f  heterosis

2 Economic hybrid seed production

3 Propagation o f  hybrid seeds

4 Resistance agamst pathogens

5 Handling o f  propagation material

6 Increased reproduction efficiency

7 The production o f  pine homozygotes

8 The production o f  phcnotypically stable population ~ vyhiids

1.F ix a t io n  o f  h e te ro s i s

Completely true breeding 11 hybrids

Heterotic hybrid varieties o f  crop plants have several advantages over pure line 

varieties. They provide optimal performance under optimal growing conditions, provide 

phenotypic stability under stress, allow joint improvement o f  traits which are negatively 

associated through linkage or pleiotropy and allow the combination in one individual o f  

harmonious set o f  traits from very diverse parents without necessarily distuibing the 

existing harmony (GrifTing and Langridge, 1963) Cultivation o f  hybrid varieties,



however, is expensive, mainly due to high cost o f  seed that has to be purchased every 

year.

Apomixis o f  aposporous or diplosporous type results in the fixation o f  

heterosis.Obligate apomixis result in complete fixation o f  heterosis. In addition to being 

inexpensive exploitation o f  heterosis through apomixis have the following advantages 

over the employment o f  conventional cytoplasmicgenic male sterility.

Advantages o f  apomixis in hybrid production

1 The production o f  several FI hybrids through apomixis is more efficient than a 

conventional breeding programme using cytoplasmic genetic male sterility.

2 In apomixis breeding studies on testcrosses and combining ability are not needed The 

evaluation o f  apomictic hybrids is more efficient than sexual F I ’ s

3 Incorporation o f  desirable characters like disease, insect and drought resistance is 

easier and quicker in apomictic material.

4 The genetic diversity that can he utilized is much more in apomictic material This is 

because the limitations in parental combinations imposed by use o f  cytoplasmic male 

sterility are absent

5 Seed stocks are easily maintained An apomictic hybrid can be maintained as a single 

seed stock where as a conventional hybrid is maintained as three separate lines

6.The will be no problems o f  availability and dispersal o f  pollen in seed fields

7 Apomictic hybrids can be developed because o f  improved bi ceding efficiency

8 Vulnerability for epidemics with the use o f  a single cytoplasm can be avoided because 

o f  utilizing diverse materials



Picture showing the fixation o f  hetcrosis by apomixis

2 .Econom ic hybrid  seed p ro d u c t io n

The production o f  seed by inbred lines remains complicated by their reducing 

viability, laborious and expensive activities for preventing cross pollination So with 

apomixis the cost o f  hybrid seed production could be drastically cut

P R O D U C T O N  O F  V Y B R ID S, P H E N O T Y P IC  A L L Y  S T A B L E  P O P U L A T IO N S :

The greatest advantage in the exploitation o f  apomixis for practical use among 

seed propagated plants has so far been made in sorghum and has resulted in the concept 

o f  Vybrids

a) Apomixis in sorghum occurs to the extent o f  30% undcr cross pollinated and up to 

80%under self pollinated crops

Apomixis in sorghum has the following three essential elements 

1. The production o f  unreduced and or diploid female sex cells 

2 The prevention o f  fertilization



3. Embryo and endosperm formation from un reduced and or diploid sex cells 

without fertilization.

Apospory, diplospory, and synkaryogenesis are the three phenomena that result in 

the production o f  unreduced and diploid sex cells.

Cross sterility, the in ability to set seed on crosspollination, prevents fertilization. Seed 

making ability in emasculated spikelets o f  apomictic sorghum is under genetic control. 

Apomixis in sorghum is pseudogamous, that is, a stimulus o f  pollination is needed to 

produce viable embryos and endosperm. Single plants from advanced generation 

progenies o f  sexual apomictic cross have been found to induce seed set on emasculated 

spikelets o f  facultative apomicts (Murty and Rao, 1979).

T H E  C O N C E P T  O F  V Y B R ID S

Heterozygous FI individuals with facultative apomixis produce a population 

containing two types o f  offspring Those with FI genotypes derived through apomixis 

and those with F2 types obtaining through sexuality. The frequency o f  FI genotypes 

will be equal to the frequency o f  apomixis If the next generation is deriving through the 

FI genotypes plants only, then the population mean will remain the same If thc 

procedure is repeated it is possible to maintain heterozygotic vigour m subsequent 

generation and to keep thc mean a constant Such populations are known as Yybrids 

Vybrids are the progenies obtained from crossing two facultative apomicts. which 

reproduce through facultative apomixis They arc supci varieties with yield levels 

remaining constant

P R O C E D U R A L  D E T A IL S  F O R  T H E  P R O D U C T IO N  O F  V Y B R ID S

I. Select desirable genotypes and cross them with one or m ore facultative apomicts with 

the latter as females

2 G row  FI generation Build B2 and F2 generation o fh e te ro tic  F I 's



3.Grow F I ,  F2, and B2 generation side by side. Select vigorous F I  like plants from 

either the F2 or B2. Vigorous plants occur in greater frequency in B 2 tag the plants at 

the time o f  anthesis. Test for cross sterility by crossing a portion o f  ear to any other 

pollen parent. At maturity harvest only the selfed seed o f  the cross steriles.

4 .G row  the progeny o f  cross steriles. M ake crosses between desirable plants from 

different crosses.

5 The seed from such crosses give both sexuals as well as facultative apomicts. Reject 

completely segregrating sexuals. Select only vybrids that have a high frequency o f  FI 

like vigorous plants

6. Yield test o f  good vybrids. Good vybrids should have a) A high frequency o f  

apornixis. b) A high degree o f  yield heterosis and c) A minimum o f  negative 

transgressive seg regation

Murtyt etal. (1985) concluded that in situations where sorghum are grown for both 

fodder and grain, the vybrids represent optimal phenotypes exhibiting greater stability 

o f  performance over diverse environments

A heterozygous genotype may possess individual buffering, and a heterogenous 

population will possess population buffering. According to them the single genotype 

would have the property o f  individual buffering resulting from its heterozygosity.while 

the composite o f  genotypes would have the property o f  population buffering resulting 

from both heterogenity as well as heterozygosity The vybrids combine the attributes 

and hence appear more stable than H  hybrids

T H E  P R O B L E M S  O F  A P O M IX IS  B R E E D IN G

Problems associated with apornixis breeding are,

1 .The estimation o f  the level o f  apornixis

2 The environmental effects on apornixis frequency

3 The difficulties encountered in maintaining genetic stocks and

4 The complicated nature o f  its inheritance



l .T h e  estimation o f  the level o f  apomixis

The frequency o f  apomixis has two components they are, frequency o f  

apomictic embryosacs and the frequency o f  apomicticaily formed offspring. But true 

apomictic frequency is the frequency o f  progeny obtained without the fusion o f  male 

and female gametes.

a) Study o f  serial sections o f  ovules:

The classical procedure for the estimation o f  the frequency o f  diploid 

embryosacs involves cytological screening o f  sectioned ovules during 

megasporogenesis. It should also be realized that the relative frequency o f  apomictic 

embryosacs might not accurately reflect the apomictic seed, particularly when 

pollination is uncertain or there is marked zygotic competition (Barlow, 1958). The 

classical microtome methods being tedious and time consuming, from time to time 

simple procedures were being applied These included methods for observinu whole 

embryosacs (Herr 1971, Young ctai 1979) and acctocarmine squashes.

b) Progeny tests

Progeny test provide a direct measure o f  relative frequency o f  apomictic seed 

These methods allow for scoring o f  large numbers o f  individual plants Progeny tests 

have disadvantages The frequency o f  apomixis could be biased upward due to 

accidental selfing and tight linkage o f  marker genes M oreover, the frequency o f  

apomixis is not constant and is subject to environmental cfleets

2 .Enviornmcntal effects on apomixis

The frequency o f  apomixis. especially in facultative, is subject to environmental 

influences like, locations, seasons and years The sorghum 1 .me R473 was investigated 

one at tropical (India) and one at temperate location (Texas) It showed different 

frequencies o f  apomixis in two environments In Kentucky blue grass, there exists n 

delicate balance in the competition for survival o f  the sexual and apomictic embryo sacs 

within the ovule Sometimes environment can upset their balance in favour o f  one o f  

these gametophytes



3-M aintenance o f  pare genetic stocks

In the absence o f  morphological markers linked with apomictic reproduction, 

maintenance o f  stocks become difficult. This is especially true with facultative 

apomicts. To determine the reproductive status o f  an accession it becomes necessary for 

periodical progeny tests or embryological analysis.

4.Genetics o f  apomixis

A thorough knowledge o f  the inheritance o f  apomixis is necessary for the 

successful manipulation o f  apomixis in plant breeding. However, precisely this 

information is lacking in many apomicts. The principal reason for this is the apomixis in 

most plants is not a single event but is made up o f  different elements, each o f  which 

may or may not be under genetic control o f  one or a different kind.

A C H IE V E M E N T S  IN A P O M IX IS  B R E E D IN G

‘Adelphi’ Kentucky blue grass is a first generation highly apomictic hybrid 

developed from thc cross ‘Bellevue’ \  Belturf kentucky blue grass An unreduced, egg 

o f ‘Bellevue’ was fertilized by a reduced gamete from B eltu rf  resulting in a facultative 

apomictic hybrid possessing approximately 800 chromosomes (Funk ctal„ 

1973) ‘Bonme blue’ is another highly apomictic first generation hybrid developed by 

crossing 'Bellevue’ kentucky blue grass with ‘Penstar’ kentucky blue grass An 

unreduced egg o f  Bellevue’ was fertilized by a reduced gamete f iom ’Penstar’, 

resulting in a hybrid possessing approximately 94 chromosomes

Significant efforts have been made lo transfer apomixis from wild to cultivated 

species in wheat, maize and pearl millet The BC program in pearl millet has 

progressed to the BC7 resulting in tetraploid (2n~4x~28 or 2 9 ) apomictic pearl millet 

like plants The pearl millet program has an advantage over the other genera in that the 

Permisetum genus has a number o f  different apomictic poly ploid species to use ns the 

donor species A major problem to overcome in thc conventional BC approach is poor



seed set on derived apomicts. This has been partially overcome in pearl millet program 

by BC to genetically diverse tetraploids.

A  new blight tolerant buffel grass cultivars AN -  17 - P S  developed by crossing 

between the sexual clone TA M — CRD Bis and Zarago -za -115  (apomictic). This 

selected genotype has shown as excellent forage yield potential, good seed quality, 

blight disease tolerance, and an out standing cold tolerance. The protocols for obtaining 

obligate apomictic hybrids were derived and implemented. The source o f  the obligate 

apornixis was a biotype Cenchrus ciliaris L.

Since 1977, Prof. Jiansan Chen has been dedicated in fixation o f  heterosis in rice 

hybrids. By crossing facultative apomictic hybrid varieties Oryza saliva to Oryza 

longistaminata, Chen selected and later released stable and uniform varieties from the 

F3and F2 generations These rice varieties, called vybrids (synkaryogenesis, Fn) 

following the mechanism o f  asexual duplication, can fix the heterosis o f  interspecific, 

inter sub specific and intervarietal crosses and surpass the best 3- line (cytoplasmic 

male sterile, maintainer and restorer) FI hybrid rice cultivars in yield and are superior in 

rice quality

From intersubspecific crosses o f  these varieties, the additional varieties 

CZhongwu No. I ' , *Zhongwu No.2', and l(iuyou No.5\) have been selected These 

varieties are being grown on 90,000 ha in China, combing the advantages o f  both hybrid 

rice and conventional rice and characterize a good rice quality, multi-resistance and 

wide adaptability, and per ha yield 9000 I2S00 kg. being IO-2S°o higher than that o f  

the conventional varieties

The new \ybrid  rice breeding method is better than the 3 -line hybrid rice system 

in that any high-yielding good-quality varieties can be used as parents o f  \ybrids 

Furthermore, the price o f  \yhrid seeds is low because this approach eliminates the need 

to annually produce hybrid seeds in crossing blocks, and vybrid breeding takes only 1/3 

o f  the time to release new varieties compared to inbred rice breeding This breeding 

method bypasses the dilemma o f  unavailability o f  both good quality and high yield, and 

both early-maturity and high yield, simultaneously. The \ybrid  breeding technique may



be the beginning o f  a second “ green revolution “ due to its capability to rapidly 

“pyramiding” genes for yield, quality, and abiotic stress tolerance into one variety. If  

this methodology can be demonstrated and documented widely, its adoption will greatly 

increase both the rice production and nutritional value to better meet the needs o f  an 

ever-increasing population in the world.

GuYou N o .20 by crossing facultative apomixis (3027 * IR72 * Zhongzu 

N o.300) F2 was selected in 2000. It has significant heterosis, strong tillering ability, 

good plant type, plant height 110cm, panicle length 3 2 -3 8  cm, fertility 92% with 

fertility grains 230, 1000 grains weight 28g, transparent grains, good color on ripe 

plants, fertilizer resistance, high lodging resistance, strong disease resistance, and can 

be used in many generations without seed reproduction every year, and adaptable to 

Yangzi river valley plain with whole growth period 135 days on single cropping with

per hectare yield 1300 kg
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FUTURE TFI RUST

Significant effort is required on a number o f  fronts before vvc can hope to 

successfully engineer a controlled, commercially viable form o f  apornixis in a wide



range o f  target crops. W e have no knowledge o f  cues and genes that enable cells in the 

ovule to switch to an apomictic pathway. The inter action between embryo and 

endosperm development in apomict is poorly understood, as in the capability o f  

apomicts to tolerate parental genome imbalancing during endosperm development that 

results in seed sterility in sexual plants. The continued investigation o f  both native 

apomicts and sexual systems will provide the best opportunity to elucidate the genetic 

and physiological factors that contribute to control o f  apomixis and that this ultimately 

will permit the controlled formation o f  maternally derived, genetically identical seeds in 

flowering plants (Bicknell and Koltunow, 2004).

Apomixis in India has been targeted on two strategies, inducing apomixis in 

cereals such as sorghum to harness benefits o f  heterosis, and disrupting apomixis in 

forage grasses to enable effective breeding strategy through hybridization in crops such 

as wheat, rice, barley and oats, hybrids are not as widely used and in some crops . 

hybrids are not now possible on a commercial basis Apomixis in these crops would 

make it possible to use FI hybrids In potato, apomictic propagation holds a great 

promise for the new technology o f  growing o f  potatoes from botanical seeds instead of 

tubers

C O N C L U D IN G  R E M A R K S

Apomixis is o f  interest to plant breeders in fixing beteio /ygosity  and 

maintenance o f  heterogeneity in crop plants Apomixis icsults from changes in a small 

number o f  key events typical o f  sexual reproduction apomixis occurs in a variety of 

ways, only four different types o f  apomixis , diplospoiy , apospory, automixis and 

semigamy are useful in plant breeding In addition to necessitating a reorientation of 

breeding and seed certification procedure , the estimation o f  frequency o f  apomixis, its 

modification by different environmental conditions and its complex mode o f  inheritance 

in most cases, causes serious problems in the utilization o f  apomixis However, the 

advantages o f  apomixis breeding out weigh the disadvantages and breeders are



continuously looking apomictic strains in different crops. With the gradual 

accumulation o f  accurate information o f  the various aspects o f  apomixis, it is likely for 

apomixis breeding to become a powerful tool in plant breeding for the exploitation o f  

heterosis especially in crops where cytoplasmic genetic male sterility has not been 

developed.

DISCUSSION

1. What are vybrids9

Vybrids are the progenies obtained by crossing two apomictic lines They are 

more stable and give good performance even under adverse conditions

2 In which crops vybrids arc more exploited?

In sorghum and rice

3 Are there any vegetables in which apomixis is common?

Tomato and potato

4 How apomixis is helpful in reducing diseases in vegetatively propagated crops9

In vegetatively propagated crops the spreading o f  virus and \ iroids inoculum to 

next generation is high But through asexual seeds the spreading is very less

5 What are recurrent and non-rccurrent apomixis9

Recurrent apomixis inherits from one generation to next generation It is 

common in obligate apomixis But in non-rccuirent apomixis apomictic nature will not 

transfer from one generation to next generation It is common in facultative apomixis

6 What are crops in which apomixis is more exploited9

Sorghum, rice, pearl millet, fodder grasses etc

7 Is there any varieties released in rice9

Gu you No 20 is a variety released in rice in 2000 But it is not commercially 

exploited
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A B S T R A C T

Knowledge on the floral biology and pollination behaviour o f  plants is 

essential for a plant breeder before embarking on a crop improvement programme. In 

plants mode o f  reproduction may be classified as sexual and asexual

Sexual reproduction involves fusion o f  male and female gametes, while 

asexual reproduction does not involve the fusion o f  male and female gametes. Asexual 

reproduction involves vegetative reproduction and apornixis Vegetative reproduction is 

by means o f  vegetative organs like rhizome, bulbs etc

Apornixis is seed formation without the fusion o f  male and female gametes 

Apornixis is prevalent in more than 400 flowering taxa and over 40 families (Carmen,

1997) It is com m on in families like Poacene, which include many grasses like, meadow

grass and buffel grass {('cnchrus cihans), Rosaceac, which include Mains, Ruhus and 

Pntentilla and Compositac includes Cre/m. Rudheckin and Dandelions. Most apomictic 

species are allopolyploids but apornixis is also demonstrated to occur in several diploids

Apornixis is mainly classified into vegetative apornixis and 

agamospermy. Agam osperm y is also used synonymous with apornixis. Here, seeds are 

formed without fertilization The embryo sacs in apomictic plants may be haploid or 

diploid The embryo formation in apomictic plants is possible cither by parthenogenesis, 

apogamy, adventitious embryony, semigamy or androgcncsis

Apornixis that are useful in plant breeding are apospory, diplospory, 

automixis and semigamy (Mandal et a l, 1993) The apornixis can be introduced into crop 

plants either by hybridization with apomictic species, mutations or by biotechnological 

tools



Apomixis is an attractive trait for the enhancement o f  crop species 

because it mediates the formation o f  large genetically uniform population and perpetuates 

hybrid vigour through successive seed generations. The continued comparative analysis 

o f  apomictic and sexual reproduction at the fundamental level in appropriate model 

systems remains essential for the development o f  successful strategies for the greater 

application and manipulation o f  apomixis in agriculture (Bicknell and Koltunow, 2004).
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I N T R O D U C T I O N :

In broad sense an ideotype is a biological modeL which is expected to perform or 

behave in a predictable manner within a defined environment. More specifically, crop 

ideotype is a plant model, wiiich is expected to yield greater quantity o f  grains, fibre, oil 

or other useful product when developed as a cultivar. Donald first proposed the term 

ideotype in 1968 working on wheat.

The main points about ideotypes are given below':

•> Crop ideotype refers to model planls or ideal plant type for a specific 
environment.

v  Ideotype is a moving goal, which changes according lo climatic situations, type 

o f  cultivation, national policy, market requirement etc. In other w ords, ideotypes 

have to be redesigned depending upon above factors. Thus, development of crop 

ideotypes is a continuous process.

v  Ideal plant type or model plant l\pe also varies from species to species

Moreover, this is a difficult and slow method ofcullivar development because 

various morphological, phy uological and biochemical characters have to be 

combined in single genolvpe limn different sources

IDEOTYPE BREEDING:
Ideotype breeding or plant type breeding c;m be defined as a method of crop

improvement which is used to enhance genetic yield potential through genetic

manipulation of individual plant character l-'ach character plavs a definite role in the

enhancement of yield In other words, plant characters are chosen in such a way that

each character contribute towards increased economic y ield Main features of ideotype

breeding are briefly discussed below.

Emphasis on individual tra it:  In ideotype breeding, emphasis is given on 
individual morphological and physiological trait, which enhances the yield The 
value of each character is specified before initiating the breeding work.

*5* Includes yield-enhancing traits:Various plant characters to be included in the 

ideotype are identified through correlation analysis Only those characters, 

which exhibit positive association with yield, ore included in the model



•Z* Exploits physiological variation: Genetic differences exist for various 

physiological characters such as photosynthetic efficiency, photorespiration, 

nutrient uptake, etc. Ideotype breeding makes use of genetically controlled 

physiological variation in increasing crop yields, besides various agronomic 

traits.

❖ Slow progress: Ideotype breeding is a slow method of cultivar development, 

because incorporation of various desirable characters from different sources into 

a single genotype takes long time. Moreover, sometimes-undesirable linkage 

affects the progress adversely.

❖ Selection.In ideotype breeding selection is focused on individual plant 

character, which enhances the yield.

•I* Designing of model In ideotype breeding, the phenotype of new variety to be 

developed is specified in terms of morphological and physiological traits in 

advance

v  Interdisciplinary approach  Ideotype breeding is in true sense an 

interdisciplinary approach, it involves scientist from the disciplines of genetics, 

breeding, physiology, palhologv. entomology etc.

v  A continuous process Ideotspe breeding is a continuous process, because new 

ideotypes base lo be developed In meet changing and increasing demands Thus 

development of ideotvpe is a moving target

TYPES OF IDEOTYPE:
In l'J7fi, Donald and Hamblin proposed the concepts of isolation, 

competition and crop or communal ideolvpes. with special lelerence to cereals, these 

concepts are brieflv described, below

> Isolation ideotype

It is the model plant tvpe that performs best when the plants are space-planted In case 
of cereals, isolation ideotype is lax. free tillering, leafy, spreading plant that is able to 
explore the environment as fully as possible It is unlikely to perform well at crop 
densities

> Competition ideotype

This ideotype performs well in genetically heterogeneous populations, such as, the 

segregating generations of crosses. In case of cereals, competition ideotype is tall, leafy, 

free-tillering plant that is able to shade its less aggressive neighbors and thereby, gain a 

larger share of nutrients and water In case of annual seed crops, such an ideotype will



include the following features: annual habit, tallness, leafy canopy, tillering or 

branching, seed size, speed o f  germination and root characters.

> Crop ideotype

This ideotype performs best at commercial crop densities because it is a poor 

competitor. It performs well w hen plants o f  the same form surround it. But it performs 

less well when plants o f  other forms, e.e., competition ideotype, and also in isolation 

surround it. In case o f  cereals, a crop ideotype or communal ideotype is erect, sparsely- 

ullered plant, with small erect leaves and is able to survive in the highly competitive 

situation o f  being surrounded by the plants of the same form. The concept of 'w eek 

competitor’ is the central theme of this ideotype.

In addition, Donald (1968) had proposed several other ideolypes that include traits 

concerned with specific features These are gi\en below-;

> Market ideotype includes traits like seed colour, seed si/.e. cooking and backing 

quality etc since these traits determine the market acceptability of the produce.

> Climatic ideotype includes traits important in climatic adaptation, e g .  earls 

maturity, thermo pcrmd-msensitmiy. heal and cold tolerance, drought tolerance, 

photoperiod-insensilisits etc

r  Edaphic ideolspe (traits salmils tiderance. mineral to\icit\ deficiency tolerance 

etc )

> Stress ideotype (traits resistance to the concerned abiotic .aid biotic stresses),

r  Disease/pest ideolspe (trails resistance to the concerned diseases and insect 

pests) etc

OBJECTIVES OF PLANT BREEDING:
The prime objective of plant breeding is to develop superior plants over the 

existing ones in relation to their economic use The objectives of plant breeding differ 

from crop to crop However, there are some objectives, which are common m majority 

of field crops A brief account of some important objectives is given below 

=* Higher Yield

The ultimate aim of plant breeder is to improve the yield of economic produce It may 

be grain yield, fodder yield, fibre yield, tuber yield, cane yield or oil yield depending 

upon the crop species Improvement in yield can be achieved cither by evolving high 

yielding varieties or hybrids



=> Improved Quality

Quality o f  produce is another important objective in plant breeding. The price of 

produce id determined by its quality'. Again quality' differs from crop to crop. It refers to 

cooking quality in rice, baking quality in vvheat, malting quality in barley, Fibre length, 

strength and fineness in cotton, nutritive and keeping quality in fruits and vegetables, 

protein content in pulses, oil content in oil-seeds and sugar content in sugarcane and 

sugar beet, etc.

=> Biotic Resistance 

Crop plants are attacked by various diseases and insects, resulting in considerable yield 

losses. Genetic resistance is the cheapest and the best method o f  minimizing such 

losses Resistant varieties are developed through the use of resistant donor parents 

available in the gene pool 

=> Abiotic Resistance 

Crop plants also suffer from abiotic factors such as drought, soil salinity, heat. wind, 

cold and frost Breeder has lo develop resistant varieties for such env ironmental 

conditions

w  Earliness

Earliness is the most desirable character, which has several advantages. It requires less 

crop management period, less insecticidal sprays, peimils double cropping system and 

reduces overall production cost Thus earliness is an important objective in plant 

breeding programmes Determinate growth habit has close association with earliness.

=> Photo and Therm o insensitivity 

Development of varieties insensitive to light and temperature helps in crossing thc 

cultivation boundaries of crop plants In mai/c, rice and potato now varieties are 

available which can be grown during summer as well as winter season. Evolution of 

photo and thermo insensitive varieties permits their cultivation in new areas outside the 

boundaries of cultivation of a crop species 

=> Synchronous Maturity 

It refers to maturity o f  crop species at one time This character is highly desirable in 

crops like green gram, cowpea, and cotton where several pickings are required for crop 

harvest

Desirable Agronomic Traits
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It includes plant height, branching, tillering capacity, growth habit etc. Usefulness of 

these trails also differs from crop to crop. For example, tallness, high tillering and 

profuse branching are desirable characters in fodder crops, whereas dwarfriess is a 

desirable character in wheat, rice, Sorghum and pearl millet. Dwarfhess confers lodging 

resistance in these field crops, in addition to better fertilizer response.

=> Removal o f  Toxic Compounds
It is essential to develop varieties free from toxic compounds in some crops to make

them safe for human consumption. For example, removal o f  neurotoxin in Khesari, 

which leads to paralysis of lower limbs, erucic acid from Brassica which is harmful for 

human health, and gossypol from the seed of cotton is necessary to make them fit for 

human consumption.

=> W ider Adaptability  

Adaptability refers to suitability of a variety for general cultivation over a wide range of 

environmental conditions Adaptability is an important objective in plant breeding 

because it helps in stabilizing the crop production over regions and seasons

Some O ther  C harac ters
In some crops such as green gram, black gram and pea, seeds germinate in the standing

crop before harvesting if rains are received A period of dormancv has to be introduced 

in these crops to check loss due to germination In <irhurcuni cotton shedding of kapas 

after boll bursting is a serious problem I.ovule retentive varieties have to be developed 

in this species of cotton The serious problem in green gram 1 lence resistance to 

shattering is an important objective in green gram

IDENTIFICATION OF TRAITS FOR ANALYSIS:
The various trails of crop plants that limit growth anil vield can he grouped into 

the following 4 classes (I)  morphological and anatomical. (2) compositional. (3) 

process rates, and (4) process controls (Austin. I'W3)

=> M orphological and Anatomical traits

Examples of such trails are plant height, leaf si/e and orientation, stomata 

frequency etc They are most commonly used by breeders as they are easily idenlilied 

and measured, and are oflen highly heritable, and usually they do not change in quantity 

in the short-term, i e , are stable. However, their importance for grow th nnd yield is not 

well understood and they are likely to show important interrelationships with other 

morphological/physiological traits



=> Compositional Traits

Such traits concern the concentrations of specific biochemicals in plant tissues 

and organs, e .g .  levels o f  proline, ABA (abscisic acid), Na and protein etc. 

Compositional traits o f growing vegetative tissues generally change with age and 

environment; therefore, appropriate standardization is necessary in such case. But the 

traits are relatively stable for the parts harvested as economic yield, e.g., in case of 

quality traits.

Process Rate Traits

Process rates that limit growth and yield relate to photosynthesis, respiration, 

photoperiodic response, winter hardiness etc. Process rates are very sensitive to current 

and previous environments. Therefore, careful standardization is essential if meaningful 

genetic comparisons are to be made. Screening for photosynthetic and photorespiration 

rates is feasible among different species as the differences are usually large. However, 

relatively smaller within species differences are not detected with confidence. In 

addition, estimation o f  such traits demands infrastructural facilities, funds, and technical 

expertise

=5 Process Control Traits

Examples o f  such traits are activities of Calvin cycle enzymes, stcmatal aperture 

e tc . these traits are considered to control or limit photosynthesis Similarly, nitrate 

reductase activity is thought lo limit nitrate assimilation Most en/vmes are extremely
•  i— > .

sensitive to environment, there activities change ilramalicallv even m short-term, and it 

is difficult lo relate these activities to plant performance

DIFFERENCES (ID EO TY PE* CONVENTIONAL BREEDING):

C onventional breeding
The main objective is defmd before 

initiating the breeding work 
•> Selection is focused on yield and 
some other characters 
•> It usually includes various
morphological and economic
characters
•t* Value of each trail is not fixed in 
advance
•> This is a simple and rapid method 
of cullivar development

*»* The phgnotype of new variety is

Ideotype breeding
v  The conceptual theoretical model is 

prepared before initiation of breeding 
work

v  Selection is focused on individual plant 
character

❖ It includes various morphological, 
physiological, and bio chemical plant 
charters.

*> Value of each trail is defind in advance

❖ This is a difficult and slow method of 
cultivnr development________________



*1* Phenotype of new variety to be developed 
is specified in advance

S T E P S  IN  I D E O T Y P E  B R E E D I N G :
Ideotype breeding may be viewed as consisting of the following four 

steps: (1) development of a model plant type, i.e., ideotype, (2) creation of adequate 

genetic diversity for the concerned traits, (3) selection of plants/lines with the desired 

phenotypes, (4) evaluation o f  the phenotype in several genetic and cultural 

backgrounds.

=> Defining the Phenotypic Goals:

The first step in ideotype breeding consists of 

defining the traits that are to be modified and then the level of phenotypic expression

that is to be achieved must be specified. This step is based on and consists of the

following.

> The roles of individual traits in determining yield are determined.

> A hypothesis regarding the role and the importance of the trait, that is

proposed to he modified, in determining yield is developed

 ̂ A decision has to he then made whether or not to proceed with a 

breeding effort

Often the available information may he rather limited to allow confident 

decisions A breeder mav usually opt for traits that are eas\ to score But 

incorporation of traits that are diilicull or costh to measure m a 

segregating population mas enhance yield m progem e\cn if such a trait 

is not selected directly

=> C reation  of Adequate  Genetic Diversity:
A sufficient genetic diversity for the trait lo he modified must he present to

justify breeding effort The genotvpes to he used as parents in hybridization should have 

broad genetic base and wider adaptability. As far as possible, they should belong to the 

elite gene pool If the desired genes are available only in the unimproved gene pool, 

they should be first mtrogressed into lines ha\ing good agronomic value; these lines 

should then he used in crossing programmes

Selection of Lines Having Desirable Phenotype:



The segregating generations are handled according to a suitable breeding scheme 

to isolate a number o f  lines, which exhibit the desired level o f  the trait under 

modification.

=> Continued Breeding EfTort
An ideotype breeder must be prepared for continued breeding and evaluation

effort. In order to increase the likelihood o f  the modified trait leading to increased 

yields, it may be necessary to conduct several cycles of breeding to break undesirable 

linkage, and to try the trait in question in different genetic backgrounds and, possibly, 

under different cultural practices.

Rationale for (Merits of) Ideotype Breeding:

The rationale for ideotype breeding may be summarized as follows (Rasmusson, 1987).

> In the past, yield has been enhanced by selecting for individual traits associated 

with yield For example, reduced plant height in wheat and reduced plant height 

coupled with erect leaf in rice are well known cases In U.S.A., changed 

maturity of soybeans and reduced height of sorghum have dramalicallv 

enhanced the range of their adaptation and productivity

 ̂ Grain yield is the direct or indirect product of individual plant traits Substantial 

diversity is. therefore, generated ha such traits that are considered to contribute 

to vield This is likelv l<> oenerate such gene combinations that would favorably
*  m *— /  ft.

change productivity

> The primary gene pool of a crop may be divided into improved .ind unimproved 

gene pools The improved or elite gene pool consists of lines developed by 

several cycles of breeding that aie commonly used as parents in breeding 

programmes The unimproved gene pool is occasionallv used for the transfer of

specific trails In ideotype breeding, genes for specific trails would be

inlrogressed from the unimproved into the improved gene pool in order to 

generate the desired level of variability for the trail Thus ideotype breeding

serves as a bridge between the two gene pools It also complements the

conventional breeding efforts by providing genetic diversity obtained from little 

used or inaccessible germplasm

Genes for Specific, traits

►



> It encourages development and evaluation o f  hypotheses regarding how yield is 

achieved. It requires the selection objective to be defined in terms of the 

phenotypic goals for each o f  the traits that are postulated to contribute to yield, 

i_e., the ideotype. The objectives are tested and revised based on the results. This 

is expected to lead to a more effective breeding strategy.

> Perhaps the strongest argument in favour of ideotype breeding emerges from the 

features o f  crop and other ideotypes. A selection based on either visual evaluation 

or yield data in the segregating generations of crosses is not likely to identify crop 

ideotypes. Therefore, a conscious selection for the traits constituting the crop 

ideotype has to be exercised during the segregating generations.

> Even when conventional breeding efforts include specific 

morphological/physiological traits in their selection criteria, the breeder does not. 

ordinarily, specify the goals to he achieved. In such a situation, exploitation of a 

trait over time is likely to be haphazard, i.e., in opposing directions, and 

inefficient Therefore, it is important that the goals for specific trails are 

established with a view to maximize their effects on yield.

P R A  C T  IC A L A C III E V E .M E V I'S:
Ideotype breeding has significant!', cnninbuled to enhanced yields in cereals (wheat and 

rice) and millets (Sorghum and pearl millet) through the use of dwarfing genes, 

resulting in green revolution Semi dwarl varieties of wheat and rice are highly 

responsive to water use and nitrogen application and have wide adaptation These 

qualities have made them popular throughout the world Spontaneous mutations have 

played significant role in designing new plant tvpes m wheat and ncc The Norm- 10 in 

wheal and Dee-geo-VVoogcn in rice arc the sources of dwaifing genes These sources ol 

dwarfing genes were obtained as a result o f spontaneous mutations Several high 

yielding semi dwarf varieties have been evolved in wheat and rice through the use ol 

respective dwarf mutant. The Norin 10 dwarfing gene in wheat, the Dee-geo-woogen 

dwarfing gene in rice and the genic cytoplasmic male sterile systems in Sorghum and 

pearl millet laid the foundation of green revolution in Asia Thus, ideotype breeding has 

been more successful for yield improvement in cereals millets than in other crops



> In rice, the improved plant type includes (1) erect, short and thick leaves. 

(2) dwarf stature (short and thick straw), (3) light leaf shealth, (4) high 

tillering capacity, (5) responsiveness to high levels o f  nitrogen, and (6) 

high harvest index. Examples o f  semidwarf varieties of rice are IR 8. IR 

20, and TN- 1 etc. The Chinese variety

Dee-geo-Woogen is the source o f  dwarfing gene in all these varieties.

> In wheat, the improved plant type included (1) short and still straw 

(culms), (2) insensitivity to photoperiods, (3) high response to nitrogen 

application, (4) high harvest index, and (5) resistance to different rusts. 

The semidwarf Japanese variety Norin 10 was used as source of 

dwarfness in the development of semi dwarf Mexican varieties of wheat.

> In Sorghum and pearl millet, short statured hybrids have been developed 

through the use of dwarfing genes. The dwarf hybrids have made 

machine harvesting possible in these crops In Sorghum, combine 

harvesting has reduced the labour requirement by 1/8

> In cotton, as a result of high selection pressure for earliness. short stature 

and compactness in the past there has been a gradual reduction m the 

overall plant si/e lhe earlier varieties were late maturing, till growing 

and spreading t'.pes leading I" budiv appearance The target shifted to 

de\elopmenl of \aiietie; with medium height, medium maturity and 

semi spreading habit Now major emphasis is to evohe varieties with 

sort duration, short stature and compact plant type

EXAMPLES OF THE IDEOTYPE APPROACH:
The crop ideotype consists of several morphological trails and physiological trails

which morphological trails and physiological contributes for enhanced yield or higher

yield than currently prevalent crop cultivars l h e  morphological and physiological

features of crop ideotypes differ from crop lo crop and sometime within the crop also

depending upon the whether ideotype required for irrigated or rain fed cultivation Ideal

plant or model plants have been discussed in several field crops, although examples in

horticulture crops (fruit crops), as well as forage crops

=> Field crops (Rice, Cotton, Mai/e, Wheat, chick pea)
Fruit crops (Apple, Tamarind),

=s> Forage crop



RICE IDEOTYPE BREEDING  

(A SUCCESSFUL BATTLE ON RICE)

Ideotype for Higher Yield
Since the evolution of dwarf rice varieties with increased yield, rice breeders

have made no significant achievement worldwide over last three decades in breaking the

yield plateau o f  rice. Rice scientists have been engaged in designing a rice ideotype for

achieving a quantum jump in yield. On the strength of experimental findings and

experience, many rice scientists particularly at IRRI still believe that rice yield could be

raised by 20-25 per cent through selective improvement o f  major yield components.

Proposed rice ideotype based on the cultivation ecosystem. Rice is usually grown under

e different type of eco system throughout the world and given below;

Lowland (Irrigated) ecosystem:
It is cultivated under irrigated condition It accounts for 55

percent of w orld harvested rice area and contributed to 76 percent to global production.

Irrigated ecosystems are concentrated in semi-arid and sub- humid subtropics of Asia.

Upland (Rainfed) ecosystem

Under tins ecosystem, rice is direct seeded in non-llooded. 

well-drained soil on lev el lo steeple slopmn field Crop suffers from lack of moisture 

and inadequate nutrition so vield of upland rice are generallv \erv low Upland rice 

ecosystem is dominant in Africa and South America but relativelv less important in 

Asia

Deepwatcr ecosystem:

It is also known a.s ‘ bao" nee in Assam It lefers lo that ecotype 

w'hich are planted m the crop field when the standing water foi a certain period ol time 

is more than 50 cm and when the water depth varies between I and 100 cm for more 

than half o f the growth duration 

LOW  LAND (IRRIGA TED) ECOSYSTEM:

A rice ideotype with a potential yield o f  13-15 t/lin under irrigated 

situation has been designed with the following morphological and physiological 

features

ro Morphological Features
> Medium maturity duration (100 to 130 days)



> 3-4 large panicles with high grain number (200 to 250 grains/panicle)

and with high grain weight (more than 25 g for 1000 grains); no

unproductive tiller

> High tillering ability under transplanted condition but low tillering ability

(4 to 5 tillers) under direct seeding

=> Physiological Features
> Faster foliar growth during crop establishment with reduced tillering

> Slower foliar growth and enhanced translocation of assimilates from 

foliage to stem during late vegetative and reproductive stages

> Expanding capacity of stem to store assimilates

> Increased harvest index (usually 0.6 or more)

> Improved starch accumulation capacity in grain along with longer 

ripening period

> Descending concentration of N from top to bottom in the crop canopy 

Physiological Needs for Higher Yield

Depending on the 'mow ledge of crop photosynthesis, mineral nutrition and 

yield components. Yosluda ( I ' WI)  suggested the following physiological needs for 

achieving high yields of rice

> The plant must base a short and still stem

Erect leaves must he present at upper canopv levels whereas droopv 

leaves al low canopy levels

> A EAI (leaf area index) of 5 to 6 is essential for maximum 

photosynthesis during reproductive stage

During gram filling, stage, met eased number ol active green leaves must 

be maintained

> Planting time should he so chosen that the reproductive or ripening stage, 

whichever is more critical lo yield, is exposed to high solar radiation

> All essential nutrients must be supplied through fertilizers lo meet the 

crop’s requirements

> During ripening process, about 70% of the nitrogen absorbed by the 

straw is translocated to grain

It is essential to maintain high level o f  leaf nitrogen to produce high yields either by 

nitrogen absorption after flowering or by supplying already absorbed nitrogen before 

flowering from vegetative parts



=> Ideotype for Upland Ecosystem

Scientists at IRRI formulated the rice ideotype for upland areas (IRRI 

highlights, 1987). Such ideotype must have the following features:

•> Intermediate plant height with moderate tillering to improve 

nitrogen responsiveness 

❖ Droopy lower leaves to shade out weeds and conserve soil 

moisture

v  Erect upper leaves for efficient light penetration 

•> Deep thick root system for drought resistance 

•> Blast resistance and acid soil tolerance 

Ideotype for Flood Prone Ecosystem

Under flood prone ecosystem the rice plant must have the following 

characteristics

v  Intermediate plant height with thick culm and well-developed sclerenchvmatous 

band in the culm

v  Long, narrow, medium-thick, dark green leaves with high sugar and protein 

content

Deep root system with abilitv to withstand short drought spell when flood water 

recedes

•t* Higher and rapid photossntheas under low light intensity ol submergence 

condition

•t* Higher cytochrome oxidase aclmtv to earrv out lunctional activity al low O; 

concentration

*** Higher tensile strength ol the root, stem and leaves to withstand the mechanical 

force of flood water

Regeneration ability of the shoot after recession of flood

=e> Ideotype for Deepwater Ecosystem

The rice ideotype for deepwater ecosystem must process some specific 

genetical and morphological trails e g

Genetical traits:
•> High photoperiod sensitivity with late maturity.

<* Higher seedling vigour.

❖ Submergence tolerance

❖ Stem elongation ability with rising water level

-1 3
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Increased grain dormancy.

Morphological traits:
❖ Seed germination under submergence condition with rapid elongation of

plumule for direct seeding 

•> Long, thin, droopy leaves with pubescence

Few tillers with nodal tillering ability at the w'ater level 

*> Rapidly spreading tillers with kneeing ability

•> Culm with elongated intemodes, and air space for floating (aerenchymatous 

tissue)

•> Shallow and thin basal roots as well as nodal rooting ability 

•> Only 1 to 4 photo synthetically active leaves at maturity

Ideotype for High Density Grain

High-density grains refer to the heavier grains in the panicle. Rice scientists 

at IRR1 have formulated the ideal ideotype for produced high-density grains (1RRI 

highlights. 1987) The essential features of thc ideotype are mentioned below : 

v  Lou tillering with only primarv tillers developing, 

v  Large panicles to compensate for low tillering

•!* Thick culm with more vascular bundles to lessen lodging, to support a larger 

panicle and to promote carbohydrate accumulation

Panicles with onK priman. branches to increase the percentage of filled grains.

**• Larger pedicel led vascular bundle to promote transport ol assimilates 

•> Medium-si/c grains (about the si/e of IRS grains) with less while belly.

♦> Frect. thick leaves to give belter light distribution and higher pholosynthetic 

rate

•I* Higher photosynthesis under low photo synthetically active radiation, so that 

carbohydrate supply will not he limited during rainy season 

•** Low maintenance respiration to increase net assimilation rate, higher shoot root 

ratio might decrease root maintenance respiration 

•> Medium growth duration, carbohydrate accumulation before heading can be 

used to produce larger panicles and heavier grains 

•> Intermediate plant height; a harvest index of 0.55 will make the plnnt lodging 

resistant, decrease maintenance respiration and provide optimum partitioning of 

carbohydrate to the grain

-  IW -



The ideal plant-type must possess erect, thick and dark green narrow leaves and 
short culms. A single plant is expected to have 6-10 culums - all of them productive - 
which bear large panicles, each with 200-250 grains. Thicker and sturdier culms support 
the larger panicles and with vigorous roots, prevent the plant from lodging. Thicker, 
dark green and erect leaves catch more sunlight and use it more efficiently. Short culms 
lower the consumption o f  assimilates (Sasahara, "1994). The ideal plant-type can be 
developed in two wavs:

> Agronomic practice: Agronomic practice, especially manipulation of fertilizer

application, can produce an ideal plant-type. A reduction in nitrogen content in rice 

plants ca. 30 days before heading is intrinsically associated with development of ideal 

plant type at grain filling stage (Matsushima, 1957). The nitrogen reduction in the plant 

at this growth stage results in prevention of the overgrowth of the flag leaf, the 

penultimate 2 to 3 leaves and the lower mternodes and hence favours establishment of 

the ideal plant type But the level of reduction in nitrogen content in the plant should be 

limited to allow formation of enough grains per unit 1 and area to ensure a high rice 

vield
J

* Breeding approach  The ideal plant-type lias been developed by rice breeders 

through the development of hori-slatured plants having semi-dwailing genes 

(DGWG gene) The semi-dwarf genes decrease the overgrowth of lower mternodes. 

and of the flag leaf anil penultimate leaves ( l utsuhara, 1 ‘ >S) exploitation of semi-

dwarf genes has coincided with the ideal plant-type concept proposed by plant
/

breeders (Tsunoda 1959)

Increasing Yield Potential

Yield potential of present dav high Yielding semi-dw.nl m e  varieties under the 

best conditions in the tropics is 10 tons per hectare dining dix season and 6 5 tons per 

hectare during wet season (Khuxh, 1990) Plant physiologists have suggested that the 

physical environment in Ihc tropics is not a limiting factor to increase ncc yields

Yoshida (1981) estimated the maximum yield potential of rice as 15.9 tons and 

9.5 tons per hectare during the dry season and the wet season, respectively Maximum 

rice yield potential can be realized through idetype breeding This npproach is 

development of New Plant Type



Development o f  the plant type o f  modern high yielding semi

dwarf rice varieties in the mid-1960s almost doubled the rice yield. This plant type is short 

statured and possesses sturdy stems, dark green erect leaves and high tillering ability. Number 

of tillers in this plant type varied from 20 to 25 with nearly 14 to 16 tillers bearing panicles but 

the remaining tillers are unproductive. More than 60% o f  w orld’s rice area is now under 

varieties o f  this semi-dwarf plant type.

During the last 30 years, no significant increase in yield potential was achieved. This is 

because rice improvement efforts at IRRI were directed towards incorporation o f  disease and 

insect resistance, early maturity and improved grain quality in semi-dwarf varieties For 

another quantum jump in rice yield, the yield potential must be enhanced either by increasing 

the harvest index (HI) or biomass (total dry' matter production) or both in a new plant type.

•> Increasing H arvest Index (III)

Harvest index is defined as the ratio o f  economic yield (grain) to biological vield
-  *— ■ '  .

(straw) excluding the roots In other words, harvest index is the grain to straw ratio The Ml o f  

modern high-yielding cultivars varies from 0 45 to 0 53 depending upon the season The HI is 

higher during dry season than that o f  wet season (Vergcra ct u l , 1077) Harv est index should 

be increased to around 0 60 in the rice varieties with new plant type for increased yield 

potential The maximum possible 1II in wheat was estimated to be 0 03 (Austin ct a l , 1080)

The HI o f  0 63 may also be considered as the maximum harvest index for rice assuming the 

same biomass production o f  the modern semi-dwarf plant type

^o r  increasing the harvest index, the following plant characteristics need improvement 

(Khush, 1994)

Increased sink size

> Large spikelet number per panicle
> Greater partition o f  assimilate in spikelet formation

Increased spikelet filling

> Reducing canopy senescence

> Higher proportion o f  high-density (heavy weight) grains

> Maintaining healthy root system

> Increased lodging resistance



•> Increasing Biomass

Yield is a function o f  biomass or total dry matter production. Increasing biomass 

production will increase rice yield. Biomass production can be increased by growing 

rice crop in a high solar environment similar to that of dry season in the tropics 

provided there is sufficient nitrogen supply to the rice crop (Akita, i  989). In general, 

increased biomass production produces tall culms, which result in lodging and mutual 

shading. As a result o f  mutual shading, humidity in the lower canopy increases and it 

helps in increasing disease incidence consequently reducing grain yield (Vergara, 1988). 

If lodging and disease problems can be solved, increased biomass production could 

increase yield potential in tropical environments.

Biomass production can be enhanced by improving the following plant characteristics:

=> Establishment of desirable canopy structure

> Rapid leaf area development

> Rapid nutrients uptake

> Reducing carbon consumption.

v  Phenotype of New Plant Type
For achieving high harvest index and high biomass production, a new plant type

(ideotype) has been conceived with the following characteristics (khush. 1994):

Low tillering capacilv ( <- I tiller.'- lor direct seeding and 6-X tillers under 
transplanting)

 ̂ No unproductive tiller..
 ̂ 200-250 grains (spikolels) per panicle

> 90-100 cm tall
* Very sturdy stems
- Dark green, thick and erect leaves
 ̂ Vigorous root system

> 100-110 days growth duration 0 e seed to seed duration)
> Acceptable gram quality
> Multiple disease and insect resistance
>

•t* Distinct Plant features for Increased Yield Potential:

=> Plant height and stem thickness A decrease in plant height reduces total biomass 

production and resists lodging But short culms increase harvest index and require 

less maintenance respiration Reduced respiration of short culms leads to on 

increased balance between photosynthesis and respiration (Tanakn cl al., 1966), 

which results in more storage of photosynthate. A plant height of 90-100 cm is 

considered ideal for maximum yield. Plant height less than 90 cm considerably



reduces total biomass, thereby reducing the grain yield. Thicker stems accumulate 

more assimilates and resist lodging. Thicker stems also have more vascular bundles 

which enhance photosynthale translocation.

=> Low tillering and large panicles:

Modem semi-dwarf rice varieties produce nearly 20-25 tillers under favourable 

environment but o f  these, only 14-15 tillers bear panicles. Other tillers are unproductive 

and compete with the productive tillers for photosynthates, solar energy, mineral 

nutrients (particularly nitrogen) and space. High tillering produces a dense canopy 

which restricts the penetration of sunlight and creates a shady humid microenvironment 

favourable for disease, particularly for the endogenous pathogens like sheath blight 

(Rhizoctomci solcim) and stem rot (Sclerotium oryzcie).

Elimination o f  unproductive tillers through breeding will direct more nutrients for the 

grain production resulting in increased yield. Low tillering genotypes are characterized 

by synchronous flowering and maturity and more uniform panicle size which help in 

harvesting The proportion of high-density grains (heavy weight grains) is high in a low 

tillering genotype

High tillering produces some unproductive tillers which lead to high leaf area index 

(LAI) and vegetative growth hut produces more unfilled grains 'The new plant type 

must have a few tillers, each with large panicle. Traditional rice varieties possess fewer 

tillers than the modern semidwarf varieties I arge panicle will compensate for small 

number of panicle in a low tillering genotype

G rain  characteristics The proportion of heav ier, high density grains is the 

greatest at the top of the panicle and the smallest in the inlciior spikclets of the 

lower panicles A thousand grain weight of 2  ̂ g is ideal lor rice 1 arger grains 

(Ye higher thousand grain weight) are clialkv and thus have lower market value 

Large variation in the weight of single rice grains was reported by 

Venkateswarly ef al ( I WKr.)

The proportion of high density grains is higher in the primary tiller than
y  >

in the secondary or tertiary tiller (Rao, l ()K7b) Low tillering genotypes produce more 

primary tillers per unit land area and hence more high density grains per unit land area 

High density grains contribute to increased yield potential

=> Root system: Thicker nnd deeper roots are desirable in an ideal plant These 

roots absorb water and minerals more efficiently from soil In addition to this,



the deeper roots provide better anchorage of rice plant to soil and reduce 

lodging. Healthy roots are necessary during grain filling period for better 

nutnent supply. Variation in rice varieties for root characteristics namely root 

length, root volume, root thickness and degree of branching has been observed. 

Such variation could be exploited for increasing rice yield potential.

=? Growth duration: Seed to seed growth duration of 120 days is considered ideal 

for maximum yield potential of rice in the tropics. Variation in growth duration 

among rice varieties is mainly due to the difference in the vegetative growth
y

period (Vergera ct al., 1969). Studies have also indicated that panicle growth  

period ( from  panicle initiation to heading) also differs in early-maturing and 

late-maturing varieties. In general, an early maturing variety has relatively short 

panicle growth period than a late-maturing variety. Short panicle growth period 

than a late-maturing variety. Short panicle is often accompanied  by decreased  

grain yield Thus, increasing yield potential may be explored by extending the 

panicle growth period and also possibly by increasing the grain filling period 

independent o f  the total growth duration (k h u sh .  1996)

Leaf and canopy characteristics:

In a hiL'h vieldinn \ar ie t \ ,  the leaf  must be small,  thick, erect and dark 

green m colour V-duped leal is prefeiable  i<» Mat leaf  for increased 

photosynthesis  due to improved ( ()■ penetration Light is used more  

efficiently at a high leaf  area index (LAI) in an erect - lea \ed  canopy  

(Y oshida ,  1976)  Carbon assimilation o f  a single leal exposed  to light on 

only one  s ide is lower Ilian when the lea f  is exposed  to light on both 

s ides  and this difference is the greatest when leaves have a high nitrogen 

content and greater thickness

> Long, thin leaves o f  Ihc traditional rice varieties are droopy or

horizontally oriented These  leaves reduce sunlight penetration and air

m o v em en t  As a result, the canopy b e c o m e s  shady and humid High 

humidity, in turn, favours the growth o f  en d o g en o u s  pathogens likes 

sheath blight and stem rot, consequently  decreasing rice yield

> Thicker leaves are not associated with yield potential but positively

correlated with leaf photosynthetic rate. Thicker leaves are thought as



desirable trait and can be visually selected with ease as a criterion for 

enhancing yield potential.

=> Disease and insect resistance:

The prospective new plant type with increased yield potential adapted to tropical 

conditions must have resistance to major diseases like blast, bacterial blight, sheath 

blight and several viral diseases anji also to major insects like stem borers, leaf
V

hoppers and plant hoppers (Khush, 1996).

Wheat

An ideotype for wheat was first proposed by Donald (1968) for an optimum 

environment that is endowed with adequate nutrient and water supply. All the traits 

included in this ideotype were morphological traits, but their inclusion was based on 

physiological considerations. The main features of this ideotype are briefly described 

below

1. Short S trong Stem. In reduces the risk of lodging, and w ould also reduce 

the amount of photosynthates invested in stem production But the stem should not be 

excessively short as it may lead to mutual shading of leaves.

2. Erect Leaves In a dense plant population, near vertical leaves will permit 

adequate illumination of a greater area of leaf surface than would long 

hon/ontal/drooping leaves This would he applicable to all such species in which the 

leaf is nearly saturated for photosynthesis at a light intensity subMantiallv below the 

prevailing light intensity, e g , in rice, wheat, barely Vertical leaves are associated with 

higher productivity, low competitive ahililv, ;uid greater tolerance for crowding

J. Few Small Leaves lhe number of leaves on the main shoot of wheal 

ranges from 7 to 20 or more, (lie asix of lower leaves give use tillers In a monoculum 

plant, leaves serve mainly as photosynlhclic. respiring and transpiring surfaces 

Therefore, few small leaves per uniculum plant are desirable as the planting density will 

he high

4. Large Ear This would mean large number of fertile florets per ear, i e . 

per unit of dry matter of above ground parts. This is highly desirable since in wheat ear 

is normally a limiting sink for photosynthates

5. Erect Ear. This will ensure illumination of ears from nil sides nnd, 

thereby, greater photosynthesis This is a common trait in commercial varieties



6. Presence of Awns. Awns provide substantial photosvnthates to the 

developing grains (usually more than 10% of grain dry weight), especially, under 

semiarid conditions. This is because awns are xerophytic structures.

7. Single culm. In tillering genotypes, at least some of the tillers do not 

produce ears; this represents a waste o f  resources and additional useless competition. 

This problem will not be encountered in the uniculm genotypes. Nontillering mutants 

are available in barley and monoculm lines have been developed in wheat.

8. Other Traits. The parents used for developing the proposed ideotype 

must include high yielding and locally adapted cultivars; they should also include 

resistance to the diseases prevalent in the locality. Other desirable traits may be early 

flowering longer grain-filling period and, possibly, heavy accumulation of sugar in the 

stem followed by the maximum translocation lo the growing grain.The ideotvpe was 

proposed for an agronomic practice having the following main features: (1) suitably 

increased planting density, (2) heavy nutrient supply. (3) narrower rows. (4) effective 

weed control, and (5 assured moisture availability.

Maize

An ideotype for the optimal pr o du c t io n  e nv i r on m e nt  was p r o p o s e d  bv Mock and Pearce 

(1V75) The environment is p r e s u m e d  to inc lude  a d equ at e  mo i s ture ,  favourable 

temperature throughout the g r o w i n g  season, a d e q u a t e  fertililv. high plant density, 

narrow row spacing and earlv plant ing dates  I he ma in  features  of the proposed 

ideotype are summarized below

Stiff-vcrtically-oricntcd leaves above the car: the leaves below the ear should 

he horizontally oriented 

=> M aximum pholnsyntlictir efficiency It seems that selection for high 

photosynthesis rates in maize is possible 

=> Efficient translocation of pliotosynthate into grain.

=> Short interval between pollen shed and silk emergence This is important 

because higher planting densities lengthen this interval

Ear (cob or spadix) - shoot prolificacy In maize, limited sink strength of 

developing ear is considered os one of the greatest limitations to efficient 

conversion of pliotosynthate to grain Prolificacy would increase sink strength 

Further, prolific genotypes are less subject to barrenness at high plant densities



=> Prolificacy is the ability of  plants to produce a second fertile cob, when spaced 

widely.

=> Small tassel size: Small tassels would show lower competition for nutrients 

with the developing ear as well as less shading of  the upper leaves.

=> Photoperiod insensitivity: Adequate genetic variation is available in maize for 

this trait.

=o Gold tolerance of  germinating seeds and developing seedlings. Adequate 

genetic variability is reported for this trait in maize populations.

Grain-filling peiiod should be as long as practically possible.

Cotton

Ideotypes for G hirsutum have been proposed for irrigated and rajnfed conditions (see. 

Singh, 1998); their majn features are briefly summarized below 

Ideotype for Irrigated cultivation

Singh and coworkers proposed tins ideotype in 1974 

=> Plants of  short stature (‘tu-l 2n cm)

w  Compact and synipndial plant habit making pyramidal shape 

w  Determinate fruiting habit with ummodal distribution of boiling

Short duration ( 1 5 0 - I n s  d a v  ) I hr v.ill r ed uce  the durat ion and.  therefore, cost 

of  crop management ami v.m.ild a l l o w  d o u b l e  cropping 

Responsive to high fertilizer d o s e  

=> High degree ol tnterplant competitive abilitv ( is strange unless wide spacing is

aimed in the crop What perhaps is meant is the abilitv to peilorm well at closer

spacing, i e . to use the environment resources eflicienllv)

^  High degree of resistance to insect pests ami diseases

=> High physiological efficiency 

In addition, boll size in proposed lo he hclvvccn 3 5 and 4 g. and there should be 

synchrony of boiling in flush of flowering 

Ideotype for Rainfcd conditions

Singh and Narayanan proposed this ideotype in 1993.

=> Short stature (75-80 cm) and compact plant habit.

=> Intermediate growth habit with ntleast two monopodia

Few smaller and thick leave with sparse hairiness 

Medium to big boll size (3 5 to 4 g).

J -



=o Responsive to nutrients.

=> High degree o f  resistance to insects and diseases.

=> Synchronous boiling habit.

Cole crop ( B r a s s i c a  s p y . )

It has been suggested that yield in Brassica spp. equals the product of number of 

siliqua/m2, number of  seeds/siliqua and seed weight. Analysis of yield and yield traits
Hr 'has been used to propose the following ideotype by Bhargava et al. in 1984 for an 

optimum production environment.

=> Height of  1.0-1.25 m

=> Only 5-6 primary branches al an angle of 40-45°

=> The mams tern should bear only 40 siliquae, the lower 3 branches only 15

siliqua each and the upper two branches only 20 siliqua each.

=> T h e r e  s h o u l d  be  on l y  7 - 1 0  sma l l er  and thicker l eaves ,  w i th  a h ieher-  W -

ph ot osy n th e t i c  rate, low dark respirat ion rate and high nitrate r educ tase  activity.  

=> Each  s i l iqua  s h o u l d  h a \ e  2 0  s e e d s  and each  s ee d  s h o u l d  w e i g h  5 m g  

w  R o o t  s y s t e m  s h o u l d  be  d ee p  

This  i d e o t y p e  s h o u l d  h e  able  in per f orm  wel l  in a m o n o c u l t u r e  p o p u l a t i o n  o f  4 0 -  

p la n t s /m 2 dens i t i e s  G e n e t i c  \ a r ia l i o n  is present  in the ge ne  p o o l  for all the trails, excep t  

for to lerance  o f  the p r o p o s e d  plant dens i ty  T h e  current  Induui \ ar i e t i e s  are g r o w n  al 

dens i t i e s  o f  1 0 - 2 5  plants /m* In conlrwsl,  rapeseed  g e n o t \ p e s  m C a na da  and E u r o p e  are 

g r o w n  at den s i t i e s  around 1 50  p l a n t s / m 2.

T h u r l in g  ( 1 9 9 1 )  has p r o p o s e d  an i d e o tv p e  for />' napus for southern

Aus tra l ia  (rainfed cu l t i va t ion )  T h e  main  features  o f  this i d e o l \ p e  are s u m m a r i ze d  

below

1 It should he early flowering in order to allow a longer period of reproductive 

development and to avoid drought stress that occurs at thc end of the growing 

season Genes for early flowering have been introgresscd into leading B napus 

cultivars from an early flowering B napus line and from early flowering B 

campestris
2. It should have apetalous flowers so that at peak flowering developing pods receive 

greater light Apetalous lines showed 30% greater light penetration nt peak 

flowering than that in the normal-flowered line Two major genes govern apetalous 

condition

)  -



3. It should have longer pods so that a larger number of  seeds/pod is produced. Long 

pod character is governed by two dominant genes showing complementary 

interaction.

4. The ideotype should show reduced pod shattering. This trait could be introgressed 

into B. ncipus from related species, such as, B. campestris and B. juncea.

=> The plant type should have adequate field resistance to the disease black leg 

caused by Leptosphaerici maculans.

=> The ideotype must have canola quality, i.e., <0.5% erucic acid in the oil. and 

<30-p mol o f  the four specified glucosinolates per gram of oil and moisture free 

meal

IDEOTYPE FOR TREE FRUIT CROPS:

Few example o f  ideotype breeding in the broad field of  horticulture can be found Many 
horticulture plants are selected or bred primarily for qualitative, often aberrant, 
morphological qualities and then propagated asexually; hence, the ideotype concept, 
which is predicted largely on improvement qualitaliveyield, has less relevance. Our aim 
will focus on perennial fruit tree crops, where both yield and quality are paramount, and 
where enhancement of yield quality through genetic manipulation is important and 
ongoing
Few ideotypes are perennial tree fruit; exist m the chapter  Sto\er (1 *>S2) proposed an 
ideotype for banana (Musa spp ). based on the performance ot the vuiietv 'Grand Nam' 
in Honduras and Panama I hi  ̂ uleolxpe i . a dwarf triploid with small, upright leaves 
producing a compact crown and with re ixlance to disease and nematodes Tyagi's 
I l r>8b) ideotype for mango (M;ingifera mdica) is also dwarf, .uni includes numerous 
small leaves producing an open canopy, high leaf area duration, earls production of 
early branches with  high tensile strength, and several characters relating to flowering 
and fruiting. Most of the idelvpic charters are present in the cuiient Indian mango 
culfivars 'Malaviya 13hog’ Both the banana and mango ideotvpes are designed for liigh- 
dens i ty  population
Apple is the most widely grown tree fruit and has received the most attention from 
breeders. Table -  I presents a dwarfed apple for culture in a typical lngh-density orchard 
in Michigan or in any other region with a similar climate
Although adapted to a wide range of environmental conditions, apple cultivars must 
have specific traits for a particular cultural regime Apple cultivars arc usually asexually 
propagated by grafting or budding the scion of a specific genotype onto a rootstock, so 
that the fruit remains true lo type Rootstocks also ofTer the potential for wide 
adaptability Because they can be changed to fit a particular environment These 
toorstock may he of seedling origin or. more commonly, clonally propagated Both the 
scion and rootstock influence the growth, morphology, and physiology of the tree 
Another approach with some advantage would be to vegetalively propagate apple 
genotypes by rooting stem cuttings By not having to go through a grafting procedure, 
some economic gains might be made, but such cultivars would have to posses the 
positive attributes of both a conventional scion and rootstock



6 /

Table-1 An ideotype for apple grown in a high-density orchard under Michigan (USA) 
or «nmilar environmental conditions.
The following traits are considered for developing high yield apple orchard.

♦> Scion traits.
•> Rootstock traits.
❖ Growth and development.

=> Vegetative & Reproductive stages.
❖ Physiology

=> Photosynthesis.
=> Water relations.
=:• C old  hardiness.

^  Scion traits:

v  Fruit  quality
>  Large s i / e ,  proper flavour (acid-sugar ratio), g ood  texture, red or ye l low  

colour
>  Free  f r o m  russet
>  Length-to-widlh  ratio greater than 1
> Multiple use (fresh, processing, juice)
> Not easily bruised

v  Fruit storable up to I 2 months under controlled conditions 
*I» Fhgh fruit productmlv 
v  Late season ripening 
v  Chilling requirement 
v  Spurred habit
•I' Foliage and fruit resistance to c o m m o n  d i s e a s e  like insects, virus 

Trunk and roots unpalatable to rodents

Root stock traits 
•!* Dwarfing tree height no. more than 3-dm( 10-12 ft)
'*• G o o d  anchorage

r' Minimum no of structural branches
> High no O f fruiting branches

•C* Graft compatible with most scion cultivars 
•> Tolerant of  environment stress (cold drought anoxia)

R e s i s t a n c e  to d i s ea se ,  insect  and virus  

•> To l e r a n t  to var iable  so i l  c on d i t i o n  
•C# It s h o u l d  not p r o d u c e  any p h y l o to x i c i l y

-------------------------- ► Growth & Development
<• Vegetative

=> Rapid initial growth for three to four years, followed bv slow growth as fruit 
occurs.

=> Responsive to pruning
^  Wide branch angles (60-00°) Wilh a strong centre leader 
=> Absence o f  water sprouts



❖ Reproductive
=> Begins fruiting in the 1st or 2nd year;
=o Regular bearing. Uniform an thesis.

 --------------------------------Physiology
❖ Photosynthesis

=> High rate o f  co2 fixation per unit of leaf area
=? Co2 fixation rate adjusts for leaf loss or high fruit - to-leaf ratio
=? Greater than 50 percent o f  fixed carbon portioned into fruit (high harvest index)
=> High water use efficiency (co2 fixed per unit of H 20  transpired)

•> Water relation
Capable o f  withstanding drought through dehydration postponement or dehydration 
tolerance (Kramer 1983) J  

•> Cold hardiness
=?■ Early to acclimate and drop leaves in the fall, late lo deacclimate in the spring 
=> Maxi. Deep winter hardiness o f -4 0  to -50.



C o n c l u s i o n

Ail attributes o f  the ideotypes are morphological character, but all are based on 
physiological consideration. Decades o f  work, have made significant gains in research on 
theories and methods for breeding. The foundation, development and perfection o f  these and 
methods will lay a solid foundation for the future.

D I S C U S S I O N :

1) What is the opinion about success o f  ideotype is Kerala?
Ans: Market idetype is suitable for Kerala.

2) How can you justify ideotype with preference o f  people?
Ans Identify the donor parents make a cross and release a new generation ideotype.

3) Is there any other crop than rice9 
Ans Wheat, Maize, Apple, etc ,

4) In what name is the NPT l i n e s  r e l e a s e d  b y  IRRI famous a m o n g  f a r m e r s 9 

Ans Super rice
5) Is there any new ideotype in r ice  r e l e a s e d  in K e r a l a 9

Ans No The research work is g o i n g  o n  this y ea r  ( 2 0 0 5 - 2 0 0 6 )  It w i l l  b e  d o n e  b y  

KAU



A BST R A C T

Most o f  the plant breeding programmes aim for defect elimination or selection for 

yields. A valuable additional approach is available through breeding for crop ideotypes 

(model / ideal plant types), i.e., plants with model characteristics known to influence 

photosynthesis, growth and yield potential, in cereals and other horticultural crops. Model 

characteristics may vary from crop to crop.

The ideotype concept was first proposed by Donald (1968), a cereal breeder, 

working on wheat crop. According to him it is a “biological model” , expected to perform 

in a predictable manner within predefined environment.Since its postulation by Donald 

(1968), the use o f  ideotype concept in plant breeding has expanded. Ideotypes are still 

applied most frequently in field crops, although examples in horticultural crops and fodder 

crops can be found

The crop ideotype consists o f  several morphological and physiological traits 

contributing to enhanced genetic yield potential than currently prevalent in crop cultivars 

In many cases, progress has been made t o w a r d s  i d e o t y p e  attainment after several cycles o f  

combination breeding for identified and d e s i r a b l e  plant traits (Adam, 1982) with an 

increase in crop yield

Successful ideotypes popularly known as New Plant Types or super rice has been 

developed in rice (Khush, 1994) Model characters will vary for different systems ol rice 

cultivation In general NPT lines will have only 6-8 sturdy tillers with 90-130 cm height 

The plant will be ready to harvest in 100 to 130 days and may yield 1.3-15 I per ha in the 

dry season. This is 20 to 30 percent higher yield than improved semi dwarf  rice In 1999 

two of  the NPT lines have been released in the Yunnan province o f  China, with a yield of  

more than 13 t per ha at farmer’s field

In addition ideotypes have also been proposed for wheat (Donald, 1968), maize 

(Mock and Pearce, 1975), cotton (Coffey and Davis, 1985), apple (Stover, 1982), brinjal 

(Lieshout, 1993) and napier grass (Wright, 1976)
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Transgenic crops are a reality. “Genetic engineering” emerged in the 1970s, at the 

same time as in vitro fertilization techniques (Hindmarsh, 1992). The 

modified” crops were planted in China in 1993; large scale production commenced in 1996 

(Huttner, I §97) and, by 1998, almost 28,000,000 hectares o f  transgenic crops were planted, 

world-wide.

If  positive perceptions gain the ascendancy then transgenic crops may well prove to 

be the superhighway, which leads World agriculture to a profitable and sustainable future. If, 

however, negative perceptions hold swaj then transgenics could prove to have been an 

expensively surfaced road to nowhere

The science is not new The double helix structure o f  DNA was discovered more than 

forty years ago fWatson and Crick, 1953) and recombinant DNA research has taken place 

since the late 1960s To many, perhaps most, o f  those involved in crop improvement, 

transgenics are merely a further step in an evolution. Which, in the case o f  a crop such as 

wheat., extends from the dawn o f  agriculture Gene technologies o f f e r  a new set o f  tools to be 

applied to the on-goiny task o f  enhancing crop productivity and profitability by improving 

the use o f  scarce resources, including water and nutrients, tolerance to abiotic stresses, 

including drought and frost, tolerance to biotic stresses, including pests and diseases, quality 

characteristics, including a diversified product range, and t o o d  saktv, bv reducing 

dependence on pesticides and herbicides

Incremental gains from conventional plant breeding run at I to 1 5°o per annum 

Grain crops will not meet future demand without a step change in \icld improvement, such as 

occurred during the “Green Revolution' While “transitional high technology plant 

breeding, perhaps including the delivery o f  improved traits via hybrids, may help to bridge 

the food gap, transgenics appear to offer the best prospect ol meeting food needs in n 

sustainable way

At present, transgenic maize is the only one o f  the three major cereals in agricultural 

production (Metcalfe, 1996). While progress is being made with barley, rice and wheat, 

attaining acceptable levels o f  transformation, especially with wheat, remains challenging



2. H O W  TO DEVELOP A T R A NSG EN IC  PLANT?

2.1 Introduction to DNA

The underlying reason that transgenic plants can be constructed is the universal 

presence o f  DNA (deoxyribonucleic acid) in the cells o f  all living organisms. This molecule 

stores the organism's genetic information and orchestrates the metabolic processes o f  life. 

Genetic information is specified by the sequence o f  four chemical bases (adenine, cytosine, 

guanine, and thymine) along the length o f  the DNA molecule. Genes are discrete segments of 

DNA that encode the information necessary for assembly o f  a specific protein The proteins 

then function as e n z y m e s  to catalyze biochemical reactions, or  as s tructural  or  storage units 

o f  a cell, to contribute to expression o f  a plant trait T h e  g e n e r a l  s e q u e n c e  o f  e v e n t s  bv  which 

the information encoded in D N A  is e x p r e s s e d  in the  f o r m  o f  p r o t e i n s  v ia  an m R N A  

intermediary is shown in the diagram b e l o w

transcription translation

DNA -------------------► mRNA  ► protein

The transcription and translation processes are controlled bv a complex set of 

regula»ory mechanisms, so that a particular protein is produced only when and where it is 

needed Even species that are very different have similar mecnamsms feu converting the 

information in DNA into proteins, thus, a DNA segment from bacteria can be interpreted and 

translated into a functional protein when inserted into a plant

Among the most important tools in the genetic engineer's tool kit nre enzymes that 

perform specific functions on DNA



2.2 Locating Genes for Plant Traits

Identifying and locating genes for agriculturally important traits is currently the most 

limiting step in the transgenic process. We still know relatively little about the specific genes 

required to enhance yield potential, improve stress tolerance, modify chemical properties o f  

the harvested product, or otherwise affect plant characters. Usually, identifying a single gene 

involved with a trait is not sufficient, scientists must understand how the gene is regulated, 

what other effects it might have on the plant, and how it interacts with other genes active in 

the same biochemical pathway These efforts should result in identification o f  a large number 

of genes potentially usefi.il for producing transgenic varieties

2 .3  D e s ig n in g  G e n e s  fo r  I n s e r t io n

Once a gene has been isolated and cloned (amplified in a bacterial vector), it must undergo 

several modifications before it can be effectively inserted into a plant

1 A promoter sequence must be added for the gene to be correct K expressed l i e .  translated into a 

protein p.oduct) The promoter is the on ofl switch that controls when and when: m the plant the 

gene will he expressed

2 Sometimes, the cloned gene is modified to achieve greater expression m a plant For example, 

the Bt gene for insect resistance is of bacterial origin and has a higher percentage of \ -T  

nucleotide pairs compared to plants, which prefer G-C nucleotide pans In a clever modification, 

researchers substituted A-T nucleotides with G-C nucleotides m the Hi gene without significantly 

changing the amino acid sequence The result was enhanced production o f the gene product in 

plant cells

3 The termination sequence signals to the cellular machinery that the end of the gene sequence has 

heen reached

4 A sclcctahlc marker gene is added to the gene "construct" in order to identify plnnt cells or 

tissues that hnve successfully integrated the trnnsgcnc This is necessary because achieving 

incorporation and expression o f  transgencs in plant cells is a rare event, occurring in just a few 

percent o f  the targeted tissues or cells Sclcctahlc marker genes encode proteins that pro\idc 

resistance to agents (hat are normally toxic to plants, such as antibiotics or herbicides As 

explained below, only plant cells that havo integrated the selectable marker gene will survive



when grown on a medium containing the appropriate antibiotic or herbicide. As for other inserted 

genes, marker genes also require promoter and termination sequences for proper function.

2.4 Transforming Plants

Transformation is the heritable change in a cell or organism brought about bv the uptake 

and establishment o f  introduced DNA. There are two main methods o f  transforming plant 

cells and tissues'

1 The "Gene Gun" method (also known as microprojectile bombardment or biolistics)

2 The Agrobacterium method, which is described below. Transformation via Agrohacterium  has

been successfully practiced in dicots (broadlcaf plants like soybeans and tomatoes) for many 

years, but uiil> recently has it been effective in monocots (grasses and their relatives). In general,

the Ac -obaclertum method is considered preferable to the gene gun. because of the greater

frequency of singlc-site insertions of the foic.gn DNA. making it easier to monitor

Agrobacterium M ethod  of Plant T rans fo rm a t ion

Agrohacterium tumcfaaens is a remarkable species o f  soil-dwelling bacteria that has the 

ability to infect plant cells with a piece o f  its D N A .  When the bacterial D N A  is integrated 

into a plant chromosome, it effectively hijacks the plant’s cellular machinery and uses it to 

ensure the proliferation o f  the bacterial population Many gardeners and orchard owners arc 

unfortunately familiar with A tumcfucicns, because it causes crown gall diseases in many 

ornamental and fruit plants

The DNA in an A htmefaciem cell is contained in the bacterial chromosome as well as in 

another structure known as a Ti (tumor-inducing) plasmid The I i plasmid contains

• a stretch of DMA termed T-DNA (- 2(1 kb long) that is transferred to the plant cell in the infection 

process

• a scries of v ir  (virulence) genes that direct the infection process

A tumefaciens can only infect a plant through wounds When a plant root or stem is 

wounded it gives off certain chemical signals In response to those signals, the vir genes o f  A



tumefaciens become activated and direct a series o f  events necessary' for the transfer o f  the T- 

DNA from the Ti plasmid to the plant's chromosome. Different vir genes

• Copy die T -D N A

• Attach a product to the copied T -D N A  strand to act as a leader.

• Add proteins along the length o f  the T-D N A , possib'y as a protective mechanism.

• Open a channel in the bacterial cell membrane, dirough which the T-D NA  passes

The T-DNA then enters the plant cell through the wound.

2.5 Selection a n d  R e g e n e r a t io n

Following the gene insertion process, plant tissues are transferred to a selective 

medium containing an antibiotic or herbicide, depending on which selectable marker was 

used Only plants expressing thc selectable marker gene will survive, as shown in the figure, 

and it is assumed that these plants will also possess the transgene o f  interest Thus, 

subsequent steps in the process will only use these surviving plants When grown on 

selective media, onlv plant tissues that have successfully integrated the transgene construct 

will survive

2.6 R e g e n e ra t io n  o f  w ho le  p la n t s

To obtain whole plants from transgenic tissues such as immature em b ryos , they arc

grown under controlled environmental conditions in a series of  media containing nutrients

and hormones, a process known as tissue culture Once whole plants arc generated and 

produce seed, evaluation o f  the progeny begins This regeneration step has b ^ . ,  .. k. 

block in producing transgenic plants in many species, but specific varieties o f  most crops can 

now be transformed and regenerated

2.7 P lan t  B re e d in g  a n d  T e s t in g

Intrinsic to the production o f  transgenic plants is an extensive evaluation process to verily 

whether the inserted gene has been stably incorporated without detrimental effects to othei

f r . .
.  . t



plant functions, product quality, or the intended agroecosystem. Initial evaluation includes 

attention to:

• Activity o f  the introduced gene

• Stable inheritance o f  the gene

• Unintended effects on plant growth, yield, and quality

If a plant passes these tests, most likely it will not be used directly for crop production, 

but will be crossed with improved varieties o f  the crop (Metcalfe, 1996). This is because only

a few varieties o f  a given crop can be efficiently transformed, and these generally do not 

possess all the producer and consumer qualities required o f  modern cultivars. The initial 

cross to the improved variety must be followed by several cycles o f  repeated crosses to the 

improved parent, a process known as backcrossing. The goal is to recover as much of  the 

improved parent's genome as possible, with the addition o f  the transgene from the 

transformed parent

2.8 The next step in the process is multi-location and  multi -year

Evaluation trials m greenhouse and field environments to test the effects of  the 

transgene and overall performance This phase also includes evaluation o f  environmental 

effects and food safety

3. T R A N S G E N  ICS C U R R E N T L Y  ON T H E  M A R K E T

3.1 Biotic  s t r e s s e s  - Insect resistance

Although it has the world's largest acreage of 8 9 million hectares under cotton, India 

is only the third largest global cotton producer, with about 2 86 million tonnes o f  cotton lint a 

year The average productivity o f  cotton lint at 320 kilograms per hectare is amongst the 

lowest in the world. The productivity ranges from 200 kg per hectare to 600 kg for hybrid 

varieties Since many o f  the land holdings are characterized by small-scale and resource-poor 

I arming, a sudden and high increase in productivity using present methods is unlikely



Cotton is essentially grown in the kharif; the rainy season and treated as a perennial 

crop. Nearly 70 per cent o f  the crop is cultivated under rainfed conditions in the central and 

southern regions o f  the country: Gujarat, Maharashtra, Madhya Pradesh, Tamil Nadu, 

Andhra Pradesh and Karnataka (Gupta et al., ^001). The sowing dates in Southern India 

differ according to the specific regions. Only in the northern regions o f  the country, mainly 

the states o f  Punjab, Haryana and Rajasthan, is cotton predominantly irrigated. Here, the 

plantings are homogenous and the emphasis is on planting high yield varieties.

Pests a n d  Pes t ic ides

About 162 species o f  insects are known to devour cotton at various stages o f  growth, 

of which 15 are considered to be key pests Among these are jassids (Amarasca higntulla), 

aphids (Aphis gossypii), white fly (Bemesia (abaci), spotted bollworm (.Earias vitclla), pink 

bollworm (Pectiniphora gossypiel/a) and American bollworm (Helicoverpa armigera) 

(Firoozabady et a l , 1987) Important diseases are bacterial blight, fusarium wilt, Alternaria 

leaf spot and grey mildew' Together these pests and diseases result in an estimated loss o f  50 

to 60 per cent o f  the potential yield This is similar to losses in other countries

Pests appear in quick succession at various stages of  the growth o f  the cotton plant 

First to infest are sucking pests like aphids and jassids, followed by white flics It is then the 

turn o f  bollwnrms and by thc time thc crop enters thc flowering stage, bugs have taken over 

fBent and Yu, 1999) Farmers therefore use a combination o f  expensive chemical pesticides 

to control pest infestation Currently, pesticides account lor onc-thnd ol thc total cultivation 

costs Increasing reliance on pesticides ovci the years have replaced tiadilional methods that 

included a variety o f  labour-intensive practices like hand picking to icmovc pests and 

cultural practices like intercropping, crop rotation, and thc burning or removal o f  cotton

residues from the soil

Intensive cultivation practices and indiscriminate use ol conventional as well as 

fourth generation pesticides like synthetic pyrethroids have created resistance among some of 

key pests, including the American bollworm Monocropping and favourable climatic



conditions in certain years have further accentuated the problem. In the early 1990s, the 

outbreak o f  leaf curl virus reached epidemic proportions in the northern plains. The reasons 

for the outbreak o f  leaf curl virus are not fully known, but based on the experience o f  other 

countries, it is reasonable to assume that excessive use and abuse o f  pesticides is a major 

contributing factor. Dependence on chemicals has, in some cases, been so heavy that farmers 

often resort to a mix o f  several pesticides, so-called pesticide cocktails, and it is not 

uncommon to spray more than 30 times per season.

If the crop fails because o f  weather conditions and/or pest resistance, a rising number 

of  farmers have been known to consume the same chemicals to end their lives and escape the 

humiliation that comes with mounting debts. According to the official records, more than 500 

cotton farmers in Andhra Pradesh, Karnataka, Maharashtra and Punjab committed suicide in 

199S

Disease Resistance

Developing disease resistant crop cultivars is one o f  the main o b je c t iv e s  o f  plant 

breeders In the past, breeders have been successful in introgressing natural disease 

resistance genes into crop plants from wild relatives in order to protect them against 

specific pathogens However, fo r  a number of diseases, resistant souices are not available 

in sexually compatible genotypes. Recently, resistance genes horn diflerent sources have 

been isolated and introduced in to  susceptible crop cultivars through genetic engineering 

for making th e m  resistant against viral,  bacterial and fungal diseases (Bent and Yu. 1999) 

Among various diseases, focus has been primarily on developing tiansgenics for viral 

resis tance using coat protein strategy By this approach, gene encoding the coat protein, 

i e  the  o u t e r  protective envelop of  the virus, is introduced in plants The piesence ol 

this v i ra l  gene in transgenic plants hampers virus m u l t i p l i c a t i o n  nnd thus imparts 

resistance against the infecting virus The coat protein mediated resistance against virus in 

p lan ts  was first introduced and tested in transgenic tobacco p lan ts  against tobacco 

mosaic v i ru s  Since th e n ,  this novel strategy has been successfully applied in producing 

transgenic virus resistant crop plants, notable examples being papaya resistant to papaya 

ring spot virus, tomato resistant to tomato mosaic virus, potato resistant to both potato



virus X and Y, and squash resistant to zucchini y e l low  mosaic virus. These virus 

res is tan t  transgenic plants have been field tested, and a significant increase in yield (upto 

90% in case o f  papaya and squash) has been reported. In th e  Ind ian  context, it is 

important to develop transgenics res is tance  to viruses in crops such as cotton against leaf 

curl virus,  mungbean against y e l low  mosaic virus, tomato against l e a f  curl virus and 

potato against potalo virus Y. Work is in progress in many laboratories in the  country to 

produce such transgenics As the coat p ro te in  approach is specific against a pa r t icu la r  

strain o f  virus and does not often provide broad-spectrum protection, efforts are in 

progress to introduce in p lan ts  multiple coat-pro te in  genes from more than one virus to 

make them resistant against all types o f  infective viruses

3.2 Abiotic Stress To le rance

Research over the past two decades has provided a better understanding or' the 

molecular biology o f  stress responses in plants I his has led to the i d e n ;  i fi cat ion  of  

several genes and gene=; products that are induced upon exposure o f  the plants to various 

abiotic stresses, viz drought, s a l in i ty ,  and low and high temperature Consequently, 

genetic engineering has been applied to transfer candidate genes Irom diverse sources lo 

susceptible crop plants for developing transgenics resistant to a b i o t i c  sticssos \  tew ol 

the notable transgenics ot this category' are described here I he most recent icport is in a 

model crop tobacco, a c h i e v e d  through ovcrexpression ol two genes togcthe; ol a 

pathway, viz gly! and gfyll.  providing strong evidence o f  i m p u u a l  toleiancc to drought 

and salinity 1 ransgem c ncc  with increased tolerance to drought and s a l i n i t y  is another 

recent example  These  transgenic ncc  plants ovcrexprcssmg two genes (otsA and otsB) 

from E. cnli p roduced  high amounts  o f  trehalose, a non-reducing disaccharide o f  

glucose Trehalose  is know n to play an important role in imparting stress tolerance to n 

large variely o f  o rgan ism s ranging from bacteria a n d  fungi to invertebrate animals 

Another notable exam ple  is the biosynthesis o f  glycine betaine through expression o f  a 

baderial codA gene  encoding  choline oxidase in transgenic rice

Transgenic  w hea t  transformed with mflD gene o f  E.coli for the biosynthesis o f  

m ann i to l  showed im proved  grow th  performance tinder drought nnd s a l in i ty  stresses. It



is also possible to in troduce abiotic stress tolerance in transgenic p l a n t s  by e f f i c i e n t  

scavenging o f  r e a c t iv e  oxygen species. T h i s  w as  re c e n t ly  demonstrated by expressing 

wheat catalase gene in transgenic rice.

3.3 H e rb ic id e  T o le r a n c e

The only problem with this seemingly miraculous product is that it kills just about 

any plant onto which it is directly sprayed. Thus, until recently, this synthetic amino acid, 

known as glyphosate fN-phosphono-methyl glycine) has had limited utility in agricultural 

production (Burks and Fuchs, 1995). And then along came genetic engineering In just the 

last five years, soybeans, corn, cotton, and rape (canola) arc genetically engineered to resist 

the toxic effects o f  glyphosate and trademarked these transgenic cultivars as Roundup Ready 

(RR), in reference to their commercial formulation o f  glyphosate.

So everyone should be cheering about the decreased numbers o f  pesticide 

applications (or at least the potential to decrease them)

3.3.1 Biochemical Basis for G lyphosate  Resistance

All Roundup Ready crops contain an enzyme known as EPSPS (5-  

enolpyruvyIshikimate-3-phosphate synthase) that is resistant to the etlects ot glyphosate 

EPSPS is naturally found in all plants, fungi, and bacteria but is absent in animals (IS) The 

enzyme is an important catalyst in the biochemical pathway for synthesis o f  the aromatic 

amino acids phenylalanine, tryptophan, and tyrosine Because animals do not contain EPSPS.  

they must ingest these aromatic amino acids in their diets (Delannav. 1905).

EPSPS is localized in the chloroplnsts of  plants, the cell organelle responsible for 

photosynthesis Glyphosate latches on to EPSPS, inhibiting its synthetic activity. The 

inability to produce the aromatic amino acids eventually leads to cell death. The glyphosate- 

tolerant form o f  EPSPS has a low affinity for binding glyphosate vet it still helps synthesize 

the amino acids just as efficiently as the glyphosate-susceptiblc EPS1 S



Plant species have long been known to be highly variable in their response to 

herbicides. For example, grasses are very tolerant to 2,4-D and other growth hormone 

mimics, but dandelions exposed to it wither and die. Soybeans can tolerate trifluralin, but 

corn never gets big enough to produce an ear. Furthermore, weed populations can become 

resistant to herbicides. During the 1980s, agricultural scientists tried in vain to take 

advantage o f  plants' natural variability to herbicide toxicity and their penchant to develop 

resistance At.empts to conventionally breed glyphosate-tolerant crops failed (Kishore. et a/., 

1992) Such failure is not surprising, aller twenty-five years o f  glyphosate use, plant 

resistance in the field has been noted in only two grass species (10). As molecular 

manipulation technologies developed (i c , thc ability to purposefully transfer specific genetic 

sequences from one organism to another), the stage was set for engineering plants resistant to 

glyphosate

So how does one "make" a plant resistant to glyphosate9 Mimic Mother Nature. As 

with all cases o f  resistance evolution, two main mechanisms are responsible for herbicide 

tolerance in plants-an increased ability to detoxify thc pesticide and/or an altered biochemical 

site of  interaction with the pesticide Both mechanisms involve altered protein functioning 

and/or production In the case o f  detoxification, the proteins involved are enzymes that 

possess an enhanced capacity for breaking down the herbicide Biochemical sites attacked by 

a herbicide may also be enzymes or alternatively receptors that triggci a cascade of  

physiological reactions Altered enzymes and receptors have less affinity than their "normal" 

counterparts for binding the herbicide

Whatever the mechanism o f  herbicide tolerance, genes ultimately determine the 

characteristics o f  the proteins Researchers either search for the genes o f  an organism which 

already possesses a detoxification mechanism (such as GOX from 0  antla. j ......

chemical reagents to plant cells in vitro (i e , in cell culture) that change the genetic code and 

produce an "altered" enzyme (i e , one with less affinity for glyphosalel



Presently, only canola plants have been successfully engineered to contain a 

functional GOX enzyme (1). However, all the commercial RR crops contain a tolerant 

EPSPS gene. For soybean, cotton, and canola the glyphosate-resistant EPSPS was obtained 

from a soil bacterium in the genus Agrobacterium (strain CP4) (Nida, 1996). For com, the 

source o f  EPSPS was its own cloned gene that had been mutagenized in vitro (i.e , in cell 

culture) This technique involves changing the DNA bases o f  cultured plant cells by adding 

mutagenic chemical reagents Resulting changes in DNA bases could slightly affect the 

amino acid composition o f  the host (i.e., corn) enzyme. Normally, mutagenesis will produce 

nonfunctional enzymes, but in some cases a few changes in amino acid sequence can still 

produce a functional enzyme With the mutagenized corn line, the resulting EPSPS was 

99 3% similar to the nonmutagenized EPSPS and still functional (i e., it produced the 

aromatic amino acids), but it was resistant to the efTects o f  glyphosate (Sidhu, 2000).

3.3.3 Subs tan t ia l  Equivalence  and  Ecological Concerns

The principle o f  substantial nutritional equivalence might be analogously applied to 

the two remaining concerns about RR crops--glyphosate safety and potential lor supenveeds 

Is the widespread implementation o f  the technology doing anything to the environment that 

conventional agriculture has not already wrought? Might there, in fact, he environ-mcntnl 

benefits from RR technology that surpass conventional crop management'’ Does more 

widespread use o f  glyphosate pose a substantially different iisk than the amount currently 

used for weed control0 Is glyphosate perhaps "greener" than other herbicides '1 Get ready for 

subsequent issues o f  this newsletter, 1 will round up the answers to these burning questions.

3.4 Quality Improvement

In the past, it w as p o ss ib le  to increase the quantity o f  food grains by conventional breeding  

m ethods; h o w ev er , substantial im p rovem en t in nutritional quality o f  food s cou ld  not be achieved  

Another aven u e  w here im p rovem en t could  not be attained through classical breeding is the post

harvest m an agem en t o f  f r u i t s  and vegetab les  (Harrison, 1996). A  post-harvest loss o f  10 to 30% 

has heen reported lo  occu r  in fruits and vegetab les  due to physical dam age, pathological decay and 

over-ripening. T h is  e sp ec ia lly  occurs in d ev e lo p in g  countries in clud ing  I n d ia  w here storage



conditions are poor and inadequate. Transgenic plants hold a great promise to circumvent such 

problems.

N um erous stud ies h ave  dem onstrated the p ow er  o f  plant g e n e t i c  engineering to produce  

transgenic plam s w ith  en h an ced  nutritional traits and a better k eep in g  quality. T he m ost notable  

exam ple in this category  is the d ev e lo p m en t o f 'g o ld e n  rice' enriched w i t h  pro-V itam in A. in w hich  

three different g en es , v iz , p h y to en e  synthase from  daffodil, p h ytoen e  desaturase from a bacteria, and 

lycop en e  cy c la se  from  d affod il w ere m ob ilized  in t o  rice. V itam in A  d efic ien cy , w hich  also  

interferes w i t h  the b io - a v a i l a b i l i t y  o f  iron, affects 413 m i l l io n  c h i ld r e n  worldwide. F e r r it in  rice 

rich m iron is another ex a m p le  d ev e lo p ed  by introducing the ferritin g en e  o f  Phascolus in to  ricc. 

Iron fortification in transgenic rice can provide 30 -50%  o f  th e  daily adult iron requirement

Transgenic  tomato and many other fru  i t crops arc also being currently produced with delayed 

ripening to save  the post-harvest  losses  that occur primarily due to ovcr-ripcning In fact, a 

Lransgcnic tomato with de layed  ripening was the  first transgenic crop variety product to be 

commercia l ized  in th e  world in 1094 Since then, many public and private institutions have  

produced Lransgcnic tom atoes  lit for processing and possess ing  a n d  improved post-harvest  

characteristics Work is in progress  in India to regulate the expression o f  ripening-related genes for 

improving texture and delayed ripening m tomato. Production o f  antigens in tramy ^

another important application o f  this technology ,  Such transgenic plants, the so called ’edible  

v a c c i n e s ’, have  g o n e  through clinical trials in so m e  countries w i t h  cnc h i  raging results

4. BIO-SAFF.TY

Bio-safety comprises environmentally safe application o f  modem biotechnology The 

term is used to rlescrihc the policies and procedures adopted lo ensure the environmentally 

safe application of modern biotechnology Biosafety is essentially required to protect human 

health and environment from the possible adverse effects o f  the products o f  modern

biotechnology (FDA. 1992)

Several countries have formulated safety guidelines nnd regulations Most or  these occur nt 

or amidst the range of predominantly the two ends viz. substantial equivalence and

precautionary principle

In India, genetically modified organisms and r-DNA products are governed by several 

acts/legislations such as Environment (Protection) Act, l ° 8 6  and its Rules, [QIW, Protection o f



Plant Varieties and Farmer' Rights Act, 2001, Drugs & Cosmetics Act, -1940 and its Rules, 1945 etc. 

The Rules for the [Manufacture, Use/Import/ Export and Storage of  Hazardous Micro 

Organisms/Genetically Modified Organisms or Cells formulated under the Environment 

(Protection) Act provide for the following multi-tiered regulatory framework to assess and ensure 

bio safety o f  genetically engineered organisms. It comprises o f  (i) Recombinant DNA Advisory 

Committee (RDAC), under the DBT, (ii) Review Committee on Genetic Manipulation (RCGM), 

under the DBT, (iii) Institutional Biosafety Committee(s) (IBSC), (iv) Genetic Engineering 

Approval Committee (GEAC), under the Ministry of Environment and Fores t  P.in-

technology Coordination Committee(s) (SBCC.) and (vi) The District Level Committee(s).

The existing system of  approval of  GM Varieties for cultivation needs rationalization. 

There is a need for reduction in the levels and number of  steps required in evaluation and 

environmental clearance of  GM products/transgenics (FDA, 1992). Once a transgene has been 

declared bio-safe, its derivatives may not be evaluated for bio-safetv to the same extent again as1 J * J

done previously The expression o f  the transgene in the new background should, however, 

necessarily be checked which should be in the desirable range so that die performance o f  the 

product and delaying of  the resistance build-up is ensured. Such derivative crop varieties could be 

evaluated or, the basis of large-scale trials and released after satisfactory’ performance

5. R IS K S  A N D  C O N C E R N S

The introduction of  transgenic crops and foods into the existing food production 

system has generated a number of questions about possible negative consequences People 

with concerns about this technology have reacted in many ways, from participating in letter- 

writing campaigns to demonstrating in thc streets to vandalizing institutions where transgenic

research is being conducted

5.1 C o n c e rn s  a b o u t  t i n m a n  h e a l th

5.1.1 A l le rgen ic i ty

The possibility that we might see an increase in thc number o f  allergic reactions to food as a 

result o f  genetic engineering has a powerful emotional appeal because many of us



F A

experienced this problem before the advent o f  transgenic crops, or know of  someone who 

did.

However, there is no evidence so far that genetically engineered foods are more likely 

to cause allergic reactions than are conventional foods. Tests o f  several dozen transgenic 

foods for allergenicity have uncovered only a soybean that was never marketed and the now- 

famous StarLink com. .Although the preliminary finding is that StarLink corn is probably not 

allergenic, the scientific debate continues. Every year some people discover that they have 

developed an allergy to a common food such as wheat or eggs, and some people may develop 

allergies to transgenic foods in the future, but there is no evidence that transgenic foods pose 

more o f  a risk than conventional foods do.

5.1.2 H o r izo n ta l  t r a n s f e r  a n d  an t ib io t ic  res is tance

The use o f  antibiotic resistance markers in the development of  transgenic crops has raised 

concerns about whether transgenic foods will play a part in our loss o f  ability to ireat 

illnesses with antibiotic drugs Al scveial stages ot the laboratory process, developers ol 

transgenic crop; use DNA that codes for resistance to certain antibiotics, and tins DNA 

becomes a permanent feature ol the 11mil product although it serves no purpose beyond ihc 

laboratory stage Will transgenic foods contribute to the existing piohlcim with antibiotic 

resistance9

One aspect o f  this topic is the risk o f  horizontal gene transfer, that is. liansfcr of  D N A  

from one organism to another outside of the parcnt-lo-oflspiing channel Transfer ol a 

resistance gene from transgenic lood to micro-organisms that noimally inhabit our stomach 

and intestines, or to bacteria that we ingest along with food, could help those micro

organisms to survive an oral dose o f  antibiotic medicine Although hoiizontnl tinnsfcr of 

DNA does occur under natural circumstances and under laboratory conditions, it is probably

quite rare in l’ie acid environment o f  the human stomach

Another concern is that the enzyme product o f  the DNA might be produced al low 

levels in transgenic plant cells While high processing temperatures would inactivate the



enzyme in processed foods, ingestion o f  fresh or raw transgenic foods could result in the 

stomach conta ining a small amount o f  an enzyme that inactivates an orally administered dose 

of the antibiotic. This issue was raised during the approval processes for Calgene's FlavrSavr 

tomato and Ciba-Geigy's Bt com  176. In both cases, tests showed that orally administered 

antibiotics would remain effective While the risks from antibiotic resistance genes in 

transgenic plants appear to be low, steps are being taken to reduce the risk and to phase out 

their use

E ating  fore ign  D N A

When scientists make a transgenic plant, they insert pieces o f  DNA that did not 

originally occur in that plant Often these pieces o f  DNA come from entirely different 

species such as viruses and bacteria Is there any danger from eating this "foieign" DN V

We eat DNA even.' time we eat a meal DNA is the blueprint lor life and all living 

things contain DNA in manv ot their cells What happens to this DNA 1 Most ot it is broken 

down into more basic molecules when v.e digest a meal A small amount is not broken down 

and is either absorbed into the blood stream or excreted in the feces  We suspect that the 

body's normal defense system eventually destroys this DNA Furthci research in this area 

would help to determine exactly how humans have managed to cat DN A for thousands of 

years without noticing any effects from the tiny hits that sneak into the blooilstieam

So far there is no evidence that DNA from transgenic crops is moic dangerous to us 

than DNA from the conventional crops, animals, and their attendant mino-oiganisms tliaf \\c 

have been eating all our lives

5.1.3 C a M V  p r o m o t e r

When scientists use transgenic technology to put a new gene into n plant, they put in 

additional pieces o f  DNA to direct the activity o f  that gene One o f  these pieces is the

"promoter" that turns the gene on



The most widely used promoter is the cauliflower mosaic virus 35S promoter, often 

abbreviated as the CaM V promoter or the 35S promoter. This promoter was obtained from 

the virus that causes cauliflower mosaic disease in several vegetables, such as cauliflower, 

broccoli, cabbage, and canola There are concerns that the CaMV promoter might be harmful 

if it were to invade our cells and turn on our genes.

A multi-step chain o f  events would have to occur for the CaMV promoter to escape 

the normal digestive breakdown process, penetrate a cell o f  the body, and insert itself into a 

human chromosome While there have been no tests to determine whether the CaMV 

promoter has invaded human tissues, experiments with mice indicate that normal body 

defenses eliminate stray fragments o f  foreign DNA that sneak into the blood stream from the 

digestive tract

There is some evidence that the CaMV promoter poses little threat to human health 

People have been eating it in small quantities for hundreds o f  years when we eat vegetables 

that are infected with the disease Although vegetables heavily infected with CaMV are 

unappetizing, there have been no documented negative effects on health from eating the virus 

or its promoter

5.1.4 C hanged  n u t r ie n t  levels

How do genetically engineered foods compare with conventional foods in nutritional 

quality9 This is an important issue, and one for which there will probably he much research 

in the future, as crops that are engineered specifically for improved nutritional quality are 

marketed fHammond. 1096) However, there have been only a lew studies to date comparing 

the nutritional quality o f  genetically modified foods to their unmodified counterparts

The central question for GE crops that are currently available is whether plant 

breeders have accidentally changed the nutritional components that we associate with 

conventional cultivars o f  a crop Because isofiavones arc thought to play a role in preventing 

heart disease, breast cancer, and osteoporosis, thc isoflavonc content o f  RoundupReady

soybeans has been investigated by several researchers



The studies completed so far do not resolve the issue o f  whether RoundupReadv 

sovbeans have isoflavone levels comparable to conventional varieties, but the differences 

found in experiments appear to be small or moderate in comparison with natural variation in 

isoflavone levels. Additional evidence may clarify the arguments for and against Roundup 

applications as a risk factor in soybean cultivation Industry- studies submitted in support of  

applications for permission to sell transgenic crops indicate that the nutritional components 

that are commonly tested are similar in transgenic foods and conventional foods.

5.2 C o n c e rn s  a b o u t  d a m a g e  to the  e n v i r o n m e n t

5.2.1 M o n a r c h  b u t te r f ly

The suggestion that 3 t  corn pollen might kill Monarch butterfly larvae galvanized 

public interest in the effect o f  transgenic crops on the environment.

5.2.2 C r o p - to - w e e d  gene  flow

Hybridization o f  crops with nearby weeds may enable weeds to acquire traits we wish 

they didn't have, such as resistance to heibicides Research results indicate that crop traits 

may escape from cultivation and persist lor many years in wild populations hcncs  that 

provide a competitive edge, such as resistance to viral disease, could benefit weed 

populations around a crop fie

Many cultivated crops have sexually compatible wild idatives with which they 

hybridize under favorable circumstances The likelihood that transgcnes will spread can be

different for each crop in each area o f  the world

For example, there are no wild relatives o f  corn in the United States or in F u ro re  for 

transgenic corn to pollinate, hut such wild relatives exist in Mexico

Soybean? and wheal are self-pollinating crops, so the risk o f  transgenic pollen 

moving to nearby weeds is .small However, that small risk must balanced against the fact

that there are wild relatives of wheat in the I fnited States.



There are no wild relatives o f  soybean in the United States, but such wild relatives 

exist in China. Thus each crop must be evaluated individually for the risk o f  gene flow in the 

area where it will be grown.

5.2.3 Antibiotic resistance

There is also concern that transgenic plants growing in the field will transfer their 

antibiotic resistance genes to soil micro-organisms, thus causing a general increase in the 

level o f  antibiotic resistance in the environment. However, many soil organisms have 

naturally occurring resistance as a defense against other organisms that generate antibiotics, 

so genes contributed occasionally by transgenic plants are unlikely to cause a change in the 

existing level o f  antibiotic resistance in the environment

5.2.4 Leakage of G M  pro te ins  into soil

Many plants leak chemical compounds into the soil through their roots There arc 

concerns that transgenic plants may leak different compounds than conventional plants do, as 

an unintended consequence o f  their changed DNA

Speculation that this may he happening leads to concern about whether the 

communities o f  micro-organisms living near transgenic plants may be aflected The 

interaction between plants nnd soil micro-organisms is very complex, with the micro

organisms that live around plant roots also leaking chemical compounds into the soil Much 

more research must be done before we understand the relationships that occur between 

micro-organisms and conventional crops Attempts to discover whether transgenic plants are 

changing the soil environment, and whether they arc changing it in good ways or bad ways, 

are hinde. ed by our lack o f  basic scientific knowledge

5.2.5 R e d u c t io n s  in p e s t i c id e  s p r a y in g :  a rc  they  rea l?

One o f  the most appealing arguments in ftvor o f  transgenic plants is the potential for 

reducing the damage we do to our environment with conventional methods o f  farming Pest- 

resistant crops such as Bt corn and Bt cotton have been promoted as a means to reduce the



spraying o f  pesticides, while herbicide-tolerant crops such as RoundupReady soybeans are 

said to reduce the application o f  herbicides. Large reductions in chemical spraying have been 

claimed to result from the introduction o f  these transgenic varieties. Are the claims true0

Bt cotton is the only crop for which claims o f  reduced spraying are clear. Analysts 

paint a mixed picture on the results o f  planting RoundupReady soybeans. Bt com and 

herbicide-tolerant cotton and com have not resulted in clear reductions in the sprayinc of

chemicals.

5.3 C o n c e rn s  a b o u t  d a m a g e  to c u r r e n t  f a rm in g  p rac t ices

5.3.1 C r o p - to - c r o p  gene flow: Hybridization of  transgenic crops with nearby conventional 

crops raises concerns about separation distances to ensure purity of  crops and about who 

must pay if unwanted genes move into a neighbor's crop As "Identity Preservation" and 

segregation o f  GM from non-GM crops become factors in marketing products, it will be 

important to ensure that hybridization is not occurring in the field

Many factors influence the potential fur gene tlow from crop to crop Some crops are 

highly out crossing, with pollen carried to other fields by wind and by insects Othci species 

are highly self-pollinating, with little potential for pollen transfer to neighboring plants. 

Because of the differences among crops species, every case must be evaluated individually 

for potential to contribute t-> gene flow from transgenic to conventional crops

If GM pollen pollinates plants in a neighboring field, then the issue of  genetic 

trespass may arise What level o f  GM presence, if any, should he allowed in pioducts that arc 

sold as organic or conventional0 Should GM farmers and companies hear responsibility for 

preventing gene tlow. or should conventional and organic farmets pnv to protect their 

products from gene How" Should GM versions of  outcrossing plants be banned as loo risky, 

while GM versions o f  self-pollinating plants arc permitted0 These issues have already 

prompted several lawsuits and they will continue to he a factor in the development and use o f

trangenic plants for years to come
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Transgenic research in the developing countries, including India, has focused largely 

on traits such as insect pest resistance, disease resistance, improved nutritional cjuality and 

adaptation to abiotic stresses. In relation to the priorities and preparedness with respect to 

transgenic crops in the Indian context, the focus is on the following major aspects: (i) 

Prioritization o f  the problems in target crops relevant to the country; ii) Critical components o f  

transgenic development and commercialisation that need particular attention: (iii) Building 

an adequate technology base, appropriate facilities, and human resources; (iii) Ensuring 

effectiveness of  biosafety regulations and capacity to assess risks and benefits, (iv) Developing a 

strong scientific base in supporting disciplines, and (v) Promoting stakeholders' dialogue and 

public awareness o f  the transgenic technology (Lindner, 1999).

The impact o f  transgenic crops on Indian agriculture would depend largely on the ability of  

our scientists to identify the most limiting conditions, developing the proper combinations of 

genes and promoters to overcome those constraints, and transferring effective constructs into 

proper agronomic backgrounds Translating the potential o f  a 'transgenic line' into a successful 

'transgenic variety1 would also warrant closeness of linkages between biotechnologists and other plant 

scientists, particularly plant breeders, besides the efforts devoted towards ensuring biosaletv 

(Gebhard and Smalla Public lundmg of the basic sciences that support the

development o f  transgenic research and development is, thcreloie. cntical toi the success ot

transgenics We also need to ensuic that biotechnology is ellccti\el\ maintained in the public 

domain while working towards a mix ol public and private goods l oi sutcessliilK achieving this, wc 

require carefully planned investments in research and biosafety regulation, maximized synergy 

through inter-institutional collaborations, efficient dissemination systems to reach the end users, 

and the ability to impact farmers with proven and safe technologies Ihc broadening of

technological choices should certainly go hand in hand with a commitment to safety and social

responsibility



I .What is the difference between organic foods and transgenic foods with regard to quality?

Organic foods are those which are the products o f  organically grown crops. 
Transgenic foods are those which are derived from the plants or crops whose genetic 
background has been changed by introduction o f  transgene. Organic foods are devoid o f  
pesticides and herbicides residues. Incase o f  transgenic foods, they have new quality traits 
because o f  the completion o f  metabolic pathways by the synthesis o f  absent enzymes by 
introduced transgene

2. Is golden nee available for commercial cultivation in India?

No, Golden rice has not been released in India for commercial cultivation Trials arc 
conducted in research stations regarding its performance in varieties that arc grown in India 
It takes 3-4 years for the release o f  uolden rice for commercial cultivation in India

3 What is your opinion about Transgenic crops '

A s  a p lant  b r e e d e r  I a p p r e c i a t e  the  t e c h n o l o g y  W e  cant  i m p r o v e  the qua l i ty  o f  the  

trait u n l e s s  w e  c h a n g e  the  or  add  u c n e s  w h i c h  c o n t r o l  that  c h ar ac t er  f r om  o t h e r  or  re lated  

o r g a n i s m s  T h e  d i s a d v a n t a g e s  o f  c o n v e n t i o n a l  b r e e d i n g  ca n  b e  o v e r c o m e  by  t r .m s g e n i c s

4. What about transgenic soyabean '

S o y a b e a n  s p e r f o r m a n c e  is g o o d  w i t h  regard  to  the  qua l i tv  that has  b e e n  i m p r o v e d  

P e o p l e  s tar t e d  s a y i n g  that  t h e y  d e v e l o p  s o m e  a l l e rg i e s  by  e a t i n g  t r a n s g e n i c  s o v a b e a n  W e  d o  

d e v e l o p  a l l e r g i e s  w h e n  w e  cat  n o r m a l  f o o d s  N o b o d y  b o t h e r s  about  this  w h e n  it is r eg a rd in g  

the t r a n s g e n i c  c r o p s  t h e n  e v e r y b o d y  raise  their v o i c e

5 Transgen c.v revert ba< k to its original ( rops, (rue false

Transgenics cant revert back to their original foims if the mtioduccd gene is 
functioning in the way we want if to function But, if the introduced gene has silencing eflecl 
on other genes then we revert back to the original form of the crop for fmthei moidifrcation

6 IVhat is gene silencing}
*

Inactivation o f  the expression o f  the transferred gene in the new genetic background 
due to several genetic reasons is called gene silencing Sometimes the introduced gene mav 
silence the already present genes In this case the transgenics are o no use u , i we wan 
silencing o f  some genes in the crop then transgenes can be user



7. A re farmers satisfied o f the Bt-cotton 's performance?

s  £  , : s t : "" t  z  
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8 Haw we c<m check lhe purity o f the Bl-collon seed sold to us?

Agriculture officers in the country are supplied with a kit The kit has few chemicals
by which we can test the punty. The seeds are crushed and put in the solution if the solution
turns blue then the seeds are pure otherwise not. The problem here is how many seeds are to 
be crushed in a seed lot

9. What are the transgenic crops in India?

Cotton i> the only transgenic crop grown commercially in India With in 2-? years we
will have soyabean and other fruit crops The delay in commercializing the transgenics in
India is because o f  the biosafety and the results shown by Bt-cotton in some areas are of 
more concern



8. ABSTRACT

Gene technologies offer new set o f  tools to be applied to the ongoing task of 

enhancing productivity and profitability by improving the use o f  scarce resources including 

water and nutrients, tolerance to abiotic stresses, including drought and frost, tolerance to 

biotic stresses, including pests and diseases, quality characteristics, including a diversified 

product range, and food salety by reducing dependence on pesticides and herbicides Genetic 

engineering is the basic tool set o f  biotechnology Transgene is the genetically engineered 

gene added to a species and transgenic is an organism containing a trangene introduced by 

biotechnological methods The importance o f  transgenics is the transfer o f  genes without any 

barriers i.e kingdom barrier or species barrier.

Genes are introduced into the organisms mainly by Gene Gun method (also known as 

microprojectile bomhardment or biolistics ) or Agrnkcictcnum method Transformation via 

Agrohacterium has been successfully practiced in dicots (broad leaf plants), but recently it 

has been effective in monocots too In general, the Afirahacteriuni method is consideredI  *

preferable to the gene gun, because ot the greater frequency of single-site insertions o f  the 

foreign DNA, making it easier to monitor

Transgenics impart herbicide tolerance, insect resistance, disease resistance, and 

ability to grow plants under harsh environments and improves nutiilional qualities o f  tood. Bt 

cotton is a classic example o f  transgenic developed for insect resistance Similaib there arc 

other examples o f  insect resistant transgenics viz , Bt maize, Bt soyabean eh

Recently, resistance genes from different sources have been isolated and introduced

into susceptible crop cultivars through genetic engineering for making th e n . -----

Viral, bacterial, and fungal diseases The notable examples being Papaya resistant to papaya

ring spot vims, tomato resistant to tomato mosaic virus eU



Transgenics were developed by identifying candidate genes from diverse sources 

against abiotic stresses. The tool, genetic engineering is also used in improving the 

nutritional qualities. The classic example is Golden Rice.

New techniques for producing transgenic plants will improve the efficiency of  the 

process and will help resolve some o f  the environmental and health concerns. The expected 

changes are. more efficient transformation, that is, a higher percentage o f  plant cells will 

successfully incorporate the transgene. Better marker genes to replace the use o f  antibiotic 

resistance genes. Better control o f  gene expression through more specific promoters, so that 

the inserted gene will be active only when and where it is needed
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A B S T R A C T

Evolution means an opening out, an unfolding, a realization potential as in the opening of a flower 

or in the germination o f seeds (Harlan, 1975). Crop plant evolution is a divergent evolution, which 

increases genetic diversity and leads to change in allelic frequencies in a population. It is a gradual process. 

Cultural man was in this earth 2,00,000 million years ago and during this 99% period he was a hunter and 

only during the last 10,000 years he shifted to food production. This shifting from hunting to cultivation is 

referred to as Neolithic revolution or Agricultural revolution. There arc many views regarding the origin of 

agriculture.

C r o p  e v o lu t io n  w a s  a c c e le r a t e d  w h e n  m a n  s ta r ted  d o m e s t i c a t i n g  c ro p  p la n t s  a f te r  the  Neo l i th ic  

revolut ion.  A b o u t  1 0 0 -2 0 0  o f  the  t h o u s a n d s  o f  p lan t  spec ies  w ere  d o m e s t i c a t e d  a n d  on ly  15 a m o n g  th e m  

supply  h u m a n  diet .  A R u s s i a n  gene t ic i s t .  N.I.  Vavi lov ,  ident i f ied r eg ions  w h e r e  c ro p  spec ies  a n d  the i r  wild  

relat ives  ex is t  w i th  g r e a t  divers i ty .  He p roposed  eight  p r im a r y  cen t res  o f  o r ig in  o f  c rop  p lants .  A m o n g  th e m  

H in d u s ta n  cen t r e  a n d  S ou th  A m e r i c a n  cen t re s  w ere  d iv ided  into two  a n d  th ree  sub  cen t re s  respec t ive ly  a n d  

totally 11 c e n t r e s  w e re  r c c o g m / c d  He a lso  p roposed  s eco n d a ry  cen t res  o f  o r ig in  Later .  H a r l a n  ident i f ied 

three cen t re s  a n d  n o n - c e n t r e s  T h c  first s tep in the d e v e lo p m e n t  o f  cu l t iva ted  p lan ts  w as  dom e s t ica t ion .  T h c  

preh is to r ic  m a n  se lec ted  for c h a ra c te r i s t i c s  that m a d e  thc p lan t  m ore  su i ted  to his needs  T h c  c h a n g e s  

b rough t  ou t  bv d o m e s t i c a t i o n  w ere  e n o r m o u s  (S ingh ,  ZlX'D) C u l t iva t ion  o f  vcgc ta t ive ly  p r o p a g a te d  p lan ts  

was  p r im i t ive  lo seed  p r o p a g a t e d  p la n l s  < D o n a ld  a n d  11 anihl in ,  I 'JKI)

Both na tu ra l  a n d  ar t i f i c ia l  se lec t ion  arc  rcspnumhlc  for evo lu t ion  o f  c ro p  p lan ts  T h e r e  arc  throe wavs  in 

w h ich  g ene t ic  var iab i l i ty  ha s  a r i s en  in va r ious  i_mp pi, inis  (( h i r spccds  a n d  Sadava .  l ‘>94)

1) Inierspccifi: In. hr id l/at ion. 2 i Mendel i in \ anal ion and M Polyploidy

Polvploidv h a v e  p la vcd  a m a jo r  role in ilio evo lu t ion  of more  th a n  51)% o f  o u r  c rop  p lan ts  T h e  

v a r ia t ions  in s econdary  c e n t r e s  a r c  d u e  to long  history of c o n t in u o u s  cu l t iva t ion ,  eco log ica l  diversi ty an d  

h u m a n  divers i fy  T h e  d i f fe ren t  evolu t ionurv pa t te rns  inc lude  e n d e m ic ,  s e m ic u d c m i c .  nonccn t r ic .  

m o n o c c n t r i c  a n d  n l i g o c c n l r i c  C r o p  o r ig in  can  he d i l luse  in bo th  space  a n d  d in e  ll muv c h a n g e  radically as 

it is d i sp e r s e d  f rom its c e n t r e  of  o r ig in  a n d  I lie v d i l l c r  m orpho log ica l ly  f rom the  w i ld  p ro g e n i to r s  I rom 

wh ich  they e vo lved  T h e r e  a rc  a l so  reg ions  ca l led  in ic io  centres ,  in pr im ary  c e n t r e s  o f  o r ig in  w h e re  thc

var iab i l i ty  is m a x i m u m

A n o t h e r  fea tu re  o f  d o m e s t i c a t i o n  is lhc land race p o p u la t io n  tha t  is a d a p te d  to t rad i t iona l  

ag r ic u l tu re  a n d  a rc  lugh lv  v a r ia b le  I l ic i r  c o m p o s i t io n s  arc  de l iberate ly  m a n i p u l a t e d  L a n d r a c c s  fo rms a

good  source  o f  g e n e s  for m o d e r n  p la n t  b r e e d in g

A n a ly s i s  o r  v a r i a t i o n  p a t t e rn  o f  c rops  is essen t ia l  in o rder  lo u n d e r s t a n d  its evo lu t ion  so that  it can  

be effect ively used.  T h c  o ld  c e n t r e s  o f  d ive rs i ty  a rc  d i s a p p e a r i n g  a n d  l and  races  a rc  b e i n g  rep laced  by thc 

m o d e rn  cu l t ivar ,  w h i c h  r e d u c e s  thc  so u rc e s  o f  v a r i a t io n  for p lan t  b reed e r s  T h c  t im e  will  probably conic  

w h e n  essen t ia l ly  all  t h e  v a r i a t i o n  av a i l a b le  for p lan t  b r e e d i n g  will  con ic  f rom  two  sources  I. Col lec t ion  

m a d e  in g e n e  b a n k s  2 C u l t i v a r s  in c u r r e n t  cu l t iva t ion  C h a n g e s  b r o u g h t  out  by* G e n e t i c  e n g i n e e r in g  in

crop plants arc also comparable with classical plant breeding.



Origin and Evolution of Crop Plants

Introduction:

In recent years, scientists have made a concerted effort to increase food 

production around the world by breeding genetically improved crop plants. This effort 

has led to a renewed interest in the origins o f  agriculture and crop domestication; that is, 

in how crop plants evolved from their wild ancestors. Plant geneticists are now searching 

the world to collect seeds from both the wild relatives and the many cultivated races of 

some of  the important modern crop plants They hope to incorporate some of the 

desirable genetic characteristics o f  these wild relatives into modern crop plants. A better 

understanding o f  plant domestication and o f  the relationship between the crop plants and 

their wild relatives may help plant breeders produce superior varieties o f  crop plants

A n o th er  reason  for the re n e w e d  interest in the origins o f  agriculture and in various  

primitive agricultural s y s t e m s  c o m e s  from the recognit ion  that agriculture is part o f  the  

natural en v iron m en t  and that aur iculturol sys tem s  operate  under the constraints  o f  nature  

Thus w e  need to k n o w  m o re  about the natural sv s tem s  in which  the crop plants w er e  

d om est ica ted ,  and about  the w a y  m winch the agricultural sy s tem s  gradually replaced the 

natural o n e s  in m any parts o f  the world

“Evolution m ean s  an opening out, an unfolding, and a realization o f  potential as 

in the opening o f  a flower or ihc gciinitiation ol seed" ( l in tInn, l°7o)  Crop plant 

evolution is a divergent evolution which increases genetic diversity and lead to change in 

allelic frequencies in population It implies a gradual process rather than sudden catalytic 

events with each living things being derived genetically from preceding living things 

Evolution as a process means change with time and the changes may be relatively slow or 

rapid, the time relatively long or short Thus the difference brought out by evolution over 

lime may be small or great As we shall see, some cultivated plants clifTer very little from 

the wild form3 while some others differ enormously from progenitors. The same is with
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the evolution o f  agricultural economies and the sociological changes that have occurred 

in the agricultural and industrial societies from the hunting gathering systems. Crop 

evolution consists o f  three phases: the natural evolution o f  a species to the ‘roto-crop’ 

stage, domestication, and further evolution with the domesticated species (Donald and
j

HambliiO 983).

Hunters and Gatherers:

Human beings have been a distinct kind o f  animals for at least two million years 

and perhaps much longer. Little is known about the diet o f  our earlier ancestors, but it is 

generally believed that our more recent ancestors, were hunters and gathers o f  food, and 

had a varied diet that included both plants and animals. Agriculture did not become the 

usual method o f  procuring food until 10, 000 years ago, or about 1% of  the time humans 

have existed O f  the estimated population at that time, 90% lived as hunters and 6% as 

agriculturalist and remaining as industrialists Traditionally, agricultural people have 

looked down on hunting people who are described as savage, backward, primitive, 

ignorant, indolent, lazy, wild and lack mu in te l l i g e n c e  Gatherers clear or  altet vegetation, 

plant and sow materials, conduct c e r e m o n i e s ,  pray for rain T h e y  do spin fibers, weave 

clothes, make basket, spears and a n o w - .  e t c  I lies paint,  play musical i n s t r u m e n t s  1 hey 

know poisonous and non-poisonous plants ,  t ime  of harvest, drug and medicinal plants 

etc They understand life cycle of  plants I hey m a k e  by products ot seeds they harvest 

They harvest plant food resources in greatest abundance with least etloils 1 he diets ol 

gatherers are better than cultivators and they are less susceptible to disease

A common misconception is that all hunters-gathcrcrs had primarily a nomadic 

way of life Obviously, this may have been true of  those who followed large game herds 

Their material culture and social organization would have been adapted to the 

exploitation o f  their principal food source Hie use o f  wild plants for food may have been 

ancillary in these highly specialized hunting economics



Views on origin of Agriculture:

About 10, 000 years ago, a remarkable change occurred in the way people procured food. 

They domesticated plants and animals, and started practicing agriculture. The gatherer 

became a farmer. This transition has been called the agricultural revolution or the 

Neolithic revolution, for it heralded a fundamental change in human beings material 

wealth, social organization and cultural achievements. The hunters -  gatherer was very' 

much a part o f  nature, competing with other organism for food supply. The farmers 

started to modify the ecosystem to suit human needs. They interfered with the normal 

flow o f  energy in the biosphere and diverted it to products they could eat. They decided 

which plant grew where, protected useful plants from diseases and even altered the 

course o f  plant evolution, by helping to evolve new species that would not have survived 

without human care

There are several views proposed for the origin ol agriculture 

Agriculture as a Divine gift:

In the classical mythologies o f  all civilization, agriculture is fundamentally o f  divine 

origin It arrived in different ways from different dcilies and various circumstances. In the 

Mediterranean region, the source was a goddess; Isis in kgypt, Dcmcter in Greece and



Ceres in Rome. In China it was the ox headed god Shen-nungj in Mexico, Quetzalcoatl 

disguised as a plumed serpent or other animal. The appearance o f  agriculture in 

mythology was almost always associated with other features o f  civilization.

Agriculture as Discovery:

The most extensively developed model for agricultural origin is that cultivation was an 

invention or discovery. Darwin and others was convinced that nomadic people could not 

develop agriculture. He developed ‘Eureka’ model of  plant domestication. No motive is 

required only the brilliant revelation that seeds can be sown to produce plants when and 

where desired There are several ideas in his view:

1 Man must be sedentary before he can cultivate plants

2 Useful plants are more likely to be discovered in manured reuse heaps

3 Useful plants are likely to be first planted in dump heaps.

4 A wise old savage is required to start the process

Carl O Sauer (1952), a geographei developed 'Agricultural Origins and Dispersals' 

where he listed six pre supposition as a basis for Ins search

1. Agriculture did not originate fiom chrome slioilage of  food

2. The hearth o f  domestication is to be sought in areas ol marked diversity ol plants and 

animals This implies well diversified terrain and variety o f  climate

3 Primitive cultivars could not establish themselves in large river valleys

4 Agriculture began in wooden lands Primitive cultivars could readily open spaces for 

planting by deadening frees

5 The invention o f  agriculture has pr eviously acquired special skills

6 Founders o f  agriculture were sedentary folk

With this, he proposed, South East Asia as the oldest hearth o f  agriculture. From there, 

system spread northward into China and westward across India and the near east into 

Africa and the Mediterranean region and finally into northern and western Europe.
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[n America, he located the original hearth in the northwestern part o f  South America. 

From there agriculture spread northward into Mexico, then to eastern North America, 

southward along to Andean Chain, eastward to the Atlantic coast o f  Brazil and to the 

Caribbean island chain.

Edgard Anderson (1954) added some genetic threads to this idea. He saw weeds as 

potential domesticates. He thought that an increase in hybridization with disturbed 

habitats could result in increased variation and new genetic combinations from which 

useful selection could be made. He also felt that vegetative propagation predominated at 

the beginning

A g r ic u lt u r e  as a n  e x t e n s io n  o f  G a th e r in g :

Gatherers all they need to know to develop agriculture, so they thought why not 

farming9, if you are well equipped with all the materials and information to do so But 

this alone is not a reason for thc gatherers to do cultivation because olden data shows that 

increasing food supply through cultivation means increase in work load Another reason 

the agriculturist and industrialist have less leisure time to elaborate culture than the 

hunters or gatherers So, what mieht have motivated man to domesticate plants9 Bmlord . 

(1966) and Flannery MOOS) model proposed that gatherers are sophisticated, applied 

botanists who know their material and how to exploit it I hey are prepared to cultivate 

when they think it is worth than the ellort lo gathei It was also proposed that long bclorc 

there was a food resource crisis among the lishei lolk, groups would move out and 

migrate into less well endowed regions and ecological /ones lhe  lishei lolk population 

remained stable but thc migrants precipitated crisis along thc interlace between the 

sedentary peoples and the nomadic hunter gatherers It was in response to this crisis that 

people were willing to go to thc effort of  cultivation ( hangcs in climate and slowly 

changing ecological relationship between human beings and the plants and animals they 

used for food, also forced them to become farmers
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After agricultural revolution, farmers started domesticating plants and animals. They 

started to modify the ecosystem to suit human needs . They interfered with normal flow of 

energyr in the biosphere and diverted it to products they could eat. They decided which 

plant grew where, protected useful plants from diseases and even altered the course of  

plant evolution, by helping to evolve new species that would not have survived without 

human care Finding out where, when, why and how this transition occurred are the 

combined efforts o f  plant biologist, geographers, archaeologists and many others. People 

have domesticated about 100-200 o f  thousands of  plant species and o f  these more than 15 

now supply most o f  the human diet (Chirspeeds and Sadava, 1994).

Cereals  -  Rice, w h ea t ,  maize ,  so rg h u m  and barley

R o o ts  and s tem  -  S u g a r  beet ,  sugarcanes ,  potatoes ,  yam, cassava

L e g u m e s  -  B eans ,  so y b ea n ,  peanuts

Fruits -  C o c o n u t ,  bananas

N 1 V a v i lo v  - a Russian  genetic ist  and a plant geo g ra p h er  t r a w le d  and co l lec ted  plants 

from all o v er  the w orld ,  identified reg ions  w here  crop sp ec ie s  and then wild ic la t ives  live 

with their great  g e n e t ic  d ivers ity  l i e  prop osed  eight primary c e n t i e s  ot origin ol crop  

plants (V a v i lo v ,  1 9 2 6 )  Later crop s  m o v e d  to othei a iea s  due  lo  human activit ies  T h e se  

areas general ly  lack the r ichness  in variation found in the primary centres  of origin But  

in s o m e  areas, certain crop  sp e c ie s  s h o w  c o n s id c ia b lc  diversity* of form s all h ough  they 

did not or ig inate  there S uch  areas arc k n o w n  as secon d ary  centres  o f  origin o f  that 

species

Now the concept that centres of  diversity represent the centres of 

origin has been questioned Plants of a species growing in different environments are 

likely to he different in diverse Thus it is likely that a species may show a greater 

variation in a region with varied climate and other ecological conditions further the 

centres o f  diversity o f  many species have shiflcd with time I his shift in diversity was



brought about by a shift in the area o f  greatest cultivation and due to introduction o f  a 

species into an area with a greater ecological diversity. These processes have given rise to 

the secondary centres o f  diversity. Thus several species have two or more centres of  

diversity and the centres o f  origin may be appropriately called as centres of  diversity. So, 

the centres o f  diversity may not be the centres o f  origin, but they are the areas of  

maximum diversity o f  the species.

The eight primary centres o f  origin o f  crop plants including the sub centres are given 

below.

ri|. 2-1, Th**gN o /o r r f r .  I it '" *  »<’» ”  »*■> ‘ K  "I*"** |n71 »«

1 Chinese centre

2 Hindustan centre

2a Indo-Burma centre 

2b Siam Malayan centre

3 Central Asiatic centre

4. Asia minor
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5. Mediterranean centre

6. Abyssinian centre

7. Central American centre

8. South American

8a. Brazilian-Paraguay centre 

8b. Peru centre 

8c. Chile centre

Subsequently, a U.S. geographer J. Harlan challenged Vavilov’s hypothesis because 

many cultivated plants did not fit Vavilov’s pattern and appeared to have been 

domesticated over abroad geographical range over along period o f  time. When actually 

analysed by crop to crop, it soon becomes apparent that many of  them did not originate in 

Vavilovian centres Some crops do not even have centres o f  diversity Activities o f  plant 

domestication went on almost everywhere south o f  the Sahara and north o f  the equator 

from the Atlantic to the Indian Ocean Such a vast reuion could hardlv be called as centre, 

so he called as non-centre o f  crop origin Thus three major centres and non centres were 

delineated as given below {f Iarlan. 107])

1 Northern China centre (B I ) Rice, s o y b e a n

2 Southeast Asian non centre (112) Banana, coconut, sugarcane

3 Near east centre (A I ) Barley, wheat

4 f\frican non centre (A2) Sorghum, yam

5 Mesoamenca centre ( 0 1) Bean, corn

6 South America non centre (C2) Cassava, peanut, potato, sugaibect



Fig. 1-2- G m le n  and ncncrrtcrs c£ tg rrcu llu ril or £ n r  f A 1 Nea H iU  c*n ct. (A2«. M ru r .  r A io r n t r ,  (B b .  NDith Ch ncic ccdIct. CB7). Southern Asian 
1ti«1 S«:uih P i a f c  ndnrrnfer, fC l  ) M w i n i w a  a renter, in rj (C2; Sou 1*1 A r i r r  c in  lo rce ive f (fror\ H a r a i ,  P 7 | ; o r v  r*pht C 1971 by n r  Am<ric.in 
A5ioci4f.cn V /  'he A^vincaTrrrt o f Scbrvr)

Later J Marian g a v e  a term "micrucentic'  lor an area in the primary centre  w h ere  there is 

m axim um  divers ity  o f  crop  plants I he crop evo lut ion  appears to p roceed  at a more  rapid 

rate in these  m icro cen ters  'lhe.se are important for plant co l lec t ion  and tor studying the 

evo lu t ion  o f  plants

Role of weeds:

Weeds are undesirable or troublesome plants and growing where they arc not wanted and 

they are primary colonisers o f  disturbed ground Weeds arc therefore associated with 

people The ancestors o f  modern crop plants may have been weeds that grew' naturally in 

the disturbed and fertile soil surrounding the semi permanent settlements o f  humans 

People may have collected the seeds o f  the weeds in the same manner that they gathered 

the seeds o f  other plants At first, they may have gathered them over great distance, but



the abundance o f  these plants near human settlement may have increased, as seeds were 

scattered on the grounds. Thus gathering gave way to harvesting. Finally, early 

agriculturist may have sown seeds in fields or gardens in which the soil had been 

prepared.

Domestication is an accelerated form of evolution:

Domestication is the process o f  bringing wild species under human 

management. The present day cultivated plants have been derived from wild weedy 

species. Therefore, the first step in the development o f  cultivated plants was their

domestication Most o f  the crops were domesticated by the pre historic man. Knowingly

or unknowingly he must have selected for thc characteristics that made the plants more 

suited to his needs Under domestication, the crop species have changed considerably as 

compared to their wild species Thc changes brought about by selection either by man or 

nature great that the crops are classified i n t o  d i s t i n c t  species. As a  r e s u l t ,  in  m a n y  cases 

the parental wild species are n o t  k n o w n  T h e  d o m e s t i c a t e d  species w e r e  s e l e c t e d  for t h e  

characters which are d i f f e r e n t  f r o m  t h e  n a t u r a l  s e l e c t i o n  a n d  h e n c e  t w o  g r o u p s  o f  plants 

develop in t w o  d i f f e r e n t  d i r e c t i o n ' .  D o m e s t i c a t i o n  o l  w i l d  species is sti l l  b e i n g  d o n e  and 

is likely to c o n t i n u e  for a  l o n g  t i m e  m  t h e  I n l i n e  I b i s  is b e c a u s e  t h e  h u m a n  n e e d s  are 

likely to change w i t h  time C o n s e r | u e n t l y ,  t h e  w i l d  s p e c i e s  o l  l i t t l e  i m p o r t a n c e  t o d a y  m a y  

assume great s i g n i f i c a n c e  t o m o r r o w  Sevcial m e m b e r s  o f  F u p h o i b i a c e a e  pioduce latex 

The latex is used in  extraction o f  p e t r o l e u m  p r o d u c t s  including p e t r o l  and diesel Mecca 

sp milkweed, /(it/i\in\ are called as living oil fields J o j o b a  (Siitwioih/iisiii

sp ) which contains oil is comparable to sperm whale oil and is highly suitable as an

industrial lubricant

Selection under domestication:

If is o f  two types as proposed by Singh, 2000 

1 Natural selection 2 Artificial selection

Natural selection: Thc selection that occurs due to natiual forces like climate, soil, 

biological factors and other factors o f  environment is called naturnl selection It occurs in



natural population i.e., wild forms and wild species and determines the course o f their 

evolution. Generally, all the genotypes o f  the population reproduce, plants become more 

adapted to the prevailing environment and population retains considerable genetic

variability.

Artificial selection: In contrast, artificial selection is carried out by man. This type of 

selection is confined to domesticated species. It allows only the selected plants to 

reproduce, ordinarily makes plants more useful to man and generally leads to marked 

decline in genetic variability in the selected progenies/population. Usually plants become 

less adapted to the natural environment and they have to be grown under carefully 

managed conditions O u r  p r e s e n t  day p r o d u c t s  are the  p r o d u c t s  o f  c o n t i n u e d  artificial 

selection The precise sequence o f  e v e n t s  dur ing  the  e v o l u t i o n  o f  c r o p  plants u nder  

domestication is n o t  k n o w n  P r e s u m a b l y  in the  initial s ta u es ,  c o n s i d e r a b l e  rzenetic 

variabi l i ty existed in e a c h  d o m e s t i c a t e d  s p e c i e s  T h i s  var iabi l i ty  w a s  ac t e d  u p o n  bo th  

artificial and natural  s e l e c t i o n  It m a y  be  e x p e c t e d  that m a n  a l w a y s  tried to  pick out  the  

plant types, which b e t t er  s u i t e d  to  his  n e e d s  l i e  w o u l d  o b v i o u s l y  h a v e  s e l e c t e d  for  larger  

fruits and s e e d s  O u r  p l a n n e d  and s y s t e m a t i c  e v a l u a t i o n  s tarted o n ly  in the  m i d d l e  ot  the  

n ine teen th  c e n t u r y  F i e fore  this  per iod ,  s e l e c t i o n  e i l o r t s  w e r e  o b v i o u s l y  u n t o c u s s e d  and  

primitive B u t  j u d g i n g  f r o m  the  result  > i c ,  the d i t l e i e n t i a t i o n  ot c r o p s  t r om  their  wi ld  

p r o t o t y p e s ,  the  then  c o m p l e t e l y  un sc i en t i f i c  ma n  w a s  not  a bad plant b r e e d e r  at all T h e  

domesticated s p e c i e s  h a v e  u n d e r g o n e  severa l  impor tant  c h a n g e s  as  a c o n s e q u e n c e  ot  

t he se  e f fo r t s

Changes in plant species under domestication:

Almost all the characters o f  plant species have been aflcctcd under domestication The 

characters that show more distinct changes arc those that have been objects o f  selection 

and still plant breeding objectives in many cultivated species. Sonic o f  the important

changes occurred arc



•  Morphology and Physiology

•  Non-shattering habit

•  Reduced seed dormancy

•  Reduced plant size, determinate growth habit

•  Shorter life cyclesJ

•  Less branching, fewer flowers

•  Altered photoperiodic or vernalization requirements

•  Reductions in defense mechanisms and defense compounds

•  Changes in flower, seed, and fruit color

•  R e d u c t i o n  in plant  he igh t  as  in rice,  w h e a t

•  I n c r e a s e  in plant  he igh t  as  in s u g a r c a n e ,  ju t e

•  D e c r e a s e  in t o x i n s

•  I n c r e a s e  in s i z e  o f  fruits and urains

•  P r e f e r e n c e  for  p o l y p l o i d y  as in p o t a to ,  w h e a t ,  t o b a c c o

•  M u l t i p l e  u s e s

•  Var ia b i l i t y  w i th in  a var i e ty  has  dras t i ca l ly  d e c r e a s e d  u n d e r  d o m e s t i c a t i o n

Patterns of evolution in crop plants:

It is apparent that selection by nature and man has been responsible loi evolution of crop 

plants However selection is effective in altering a species only when genetic variability 

exists in the population o f  that species Donald and llamblin, 108.1 were in view that the 

cultivation o f  vegetafivcly propagated plants was primitive to seed propagated plants 

There are three major ways in which genetic variability has arisen in various crop species 

viz , 1 Interspecific hybridization 2 Mciulclian variation generated by gene mutation 3. 

polyploidy (Singh, 2000)

1 Interspecific hybridization

Interspecific hybridization refers to crossing o f  two different species o f  plants The FI 

may be vigorous but F2 segregation result in vast range o f  genotypes. This is because the



parents differ from each other with large number o f genes. Most o f  them are weak, 

undesirable and sterile. There are only few evidences for involvement o f interspecific 

hybridization in evolution o f  crop plants.

Sometimes introgressive hybridization would occur, where in the interspecific 

hybrids may have repeatedly crossed with on o f  the parental species and as a result all the 

genotype o f  the parent to which the hybrids have been repeatedly backcrossed would 

have recovered aiong with one or two genes from the donor parent. Eg. Modern maize is 

the introgressive hybridization between primitive maize and Tripsaccuni. Interspecific 

hybridization has led to the development o f  many species o f  strawberry. The FIs  between 

Fragaria virginiana and F. chi lone sis was back crossed to the two parent species to 

produce many varieties o f  commercial value. Other examples incude pears, plum, 

cherries, grapes and ornamentals like Iris sp., Rosa sp., Lilium sp , etc. where vegetative 

propagation is common Here one has to the gene pool concept proposed by Harlan and 

de Wet (1 9 7 1)

Primary gene pool (GP-1) This correspond s to the traditional co n cep t  o f  the 

biological species A m o n g  forms o f  this g e n e  pool ,  cross ing  is easy, hybrids are generally  

fertile with g o o d  c h r o m o s o m e  pan me.  gene  s e g ie g a t io n  is approximate ly  normal and 

gene transfer is genera l ly  s imple  I lie biological species a lw ays  includes spon tan eou s  

races as we as cu lt ivated  races

Secondary gene pool (CjP-2) I his includes .ill biological species that will cross with 

the crop and approximates an experimentally delined cenospecies Ciene transler is 

possible, but one must struggle with those burners that separate biological species 

Hybrids tend to be sterile, chromosomes weakly pair, some hybuds may be weak and 

difficult to bring to maturity anil recovery of desired types in advanced generations may

be difficult

Tert ia ry  gene pool (G P -3 ) -  At this level, crosses can be with the crop, but the hybrids 

tend to be anomalous, lethal or completely sterile Gene transfer is possible only with

advanced techniques



IP!
Now, GP 4, the gene pool o f  all the organism that cannot be crossed with the plants o f  

GP-1 can only be introduced via technique o f  genetic engineering.

2. Mendelian var ia t ion  or  M uta t ion :

Many crops have evolved through variation generated by gene mutations and by 

hybridization between different genotypes within that same species followed by 

recombination. Ultimately, all the variability in any species originates from gene 

mutations. Most o f  the gene mutation are harmful and are eventually eliminated. But 

some mutations are beneficial and are retained in the population. The mutation may be 

grouped into two categories 1 macro mutation 2. micro mutation A macro mutation 

produces a large and distinct morphological effect and often affects several characters of  

the plants A single macro mutation is believed to have led to the differentiation of the 

modern maize plant from the g r a s s y  p o d  co rn  Th i s  mutation has affected the position of 

male and female inflorescence, the habit  o f  the pant and s e ve ra l  o t h e r  charac ter s  

Similarly, cabbage, c a u l i t l o w e r ,  b r o c c o l i  and H i u s s e l s  sprout  h a v e  originated f ro m a 

common wild s p e c i e s  and t h e y  di f fer  f r om  ea ch  o ther  in f e w  major  g e n e s

T h e  g r e a t e r  part o f  s a n a t i o n  I m w e v e i  has  re su l t ed  l i o m  m u t a t i o n s  w i th  smal l  and  

less drastic e f f e c t s  / c , m i c r o  m u t a t i o n s  S i n c e  m ic r o  m u t a t i o n s  h a \ e  on ly  smal l  e f l e c t s  

they tend t o  h e  a c c u m u l a t e d  in a p o p u l a t i o n  Natural  s e l e c t i o n  w o u l d  a c c u m u l a t e  and  

select for m o r e  f a v o u r a b l e  g e n e  c o m b i n a t i o n s  M a n  w o u l d  ha v e  s e l e c t e d  Irom the  

populations d e s i r a b l e  plant  t y p e s  l e ad i ng  to  the d i f l e ren t ia t i on  o l  d o m e s t i c a t e d  s p e c i e s  

from the wild o n e s  S e v e r a l  im po r ta n t  c r o p s  h a v e  e v o l v e d  t h r o u g h  m e n d e l i a n  var iat ion  

e.g., barley, rice b ea n ,  p e a s ,  t o m a t o e s ,  l in seed ,  j owar ,  bajra etc.

3. Polyploidy

Polyploidy have played a major role in the evolution o f  modern crop plants, plant strains, 

which early farmers selected for fheir vigorous growth or higher yield, oflen tinned out to 

be polyploids In some cases an increase in the number o f  chromosome set is correlated



with increase in size o f  the leaves, stems, fruits and flowers. This is especially true for 

ornamentals such as petunias where series o f  both wild and cultivated varieties show both 

additional sets o f  chromosome and large flowers. Autopolyploidy leads to increased 

vigour, larger flowers and fruits as in triploid apple, water melon, sugar beet. Potato is an 

autotetraploid. Other autopolyploid includes oat, alfalfa. Autoplolyploid has played a 

limited role in evolution. Polyploids can arise from chromosome complements of  two 

different species called as allopolyploid. Plum tree is a diploid with 2n=24 of  which 8 of 

these chromosomes derived from cherry plum and 16 from black thorn. Thus plum, yield 

large fruit and higher yield Tobacco is other example derived from a cross followed by 

doubling o f  chromosomes between Nicotianci sylvestris and N. tomentosci. The other 

example is bread wheat which is hexaploid derived from chromosomes o f  three different 

species as depicted below:

Triticum mnnococcum X unknown
(AA)

C2n=14)
(BB) 

(2n  I D

¥
((.hri wi t ' » mi ic i f  w ib lnm

I luryidiini X 
fAABU)
(2n 2 K)

A B I ) 
2n 21

(Chromosome doubling)

I
7. aestiviim
(AABBDD)
(2n-42)



Thc two wild grasses that contributed the A and D chromosomes to this evolutionary 

scheme have been identified as goat grass identified as goat grass endemic to turkey and 

region o f  the Fertile Crescent, where wheat was domesticated.

Biological Species C oncep t:  Species is a population whose members have the potential 

to interbreed and produce fertile offspring. Species are reproductively isolated from each 

other.

Speciation in A ngiosperm s:

Allopatric:

-a  parent  s p e c i e s  is s e p a r a t e d  in to  t w o  or  m o r e  s m a l ler  g r o u p s  b y  a g e o g r a p h i c a l  barrier.  

D i f f e r e n c e s  a c c u m u l a t e  in e a c h  g r o u p  until  the  po int  that e v e n  i f  the  barrier w a s  r e m o v e d ,  

in ter b r eed in g  b e t w e e n  the  g r o u p s  w o u l d  be  u n s u c c e s s f u l  

Sym patric:

- intrinsic  fa c to r s ,  s u c h  as  c h r o m o s o m a l  c h a n g e s  result  in a p o p u l a t i o n  o f  the  s a m e  s p e c i e s  

b e c o m i n g  r e p r o d u c t i v e l y  i s o la t e d  from  the  parent  s p e c i e s  C r o p  p lants  e v o l v e d  by  

sy m p a tr ic  m o d e  o f  s p e c i a t i o n

M echanisms of Reproductiv  e isolation 

Prezygotic barr ie rs :

T e m p o r a l  i s o l a t i o n  M a t i n g  o c c u r s  at ditfcrcii t  t im es

Habitat  i s o l a t i o n  M a t i n g  o c c u r s  in different  p la c e s

B e h a v io r a l  i s o l a t i o n  M a t e s  r e c o g m / c  s p e c i e s  s p ec i f i c  s e x u a l  s ig n a ls

S tructura l  i s o l a t i o n  M a t i n g  is p h y s i c a l ly  i m p o s s ib l e

G a m e t i c  i s o l a t i o n  g a m e t e s  fail to  u n i te

Postzygotic barriers:

Hybrid inviability hybrids never reach sexual maturity 

Hybrid sterility hybrids can't produce functional gametes 

Hybrid breakdown offspring o f  hybrids are inviable



Origin o f  a crop could be identified by the simple procedure o f  analyzing 

variation patterns and plotting regions where diversity was concentrated. Centres of 

diversity are not same as centres o f  origin, yet many crops do exhibit centres of diversity. 

The variations in secondary' centres are due to the following reasons proposed by 

Vavilov, 1949:

1. long history o f  continuous cultivation

2 ecological diversity where many habitats accommodate many races

3 human diversity- different tribes are attracted to different races o f  crop

4 introgression with wild or weedy relatives or between different races of crop

There are many o t h e r  c a u s e s  but the  r e a s o n s  for  s e c o n d a r y  c e n t r e s  are h u m an ,  

environmental and internal  b i o l o g i c a l  d y n a m i c s  o f  h yb r id iza t ion ,  s e g r e g a t i o n  and  

selection C r o p  b y  c r o p  a n a ly s i s  s h o w s  that m a m  c r o p s  did not  o r ig in a te  in V a v i l o v ’s 

centres o f  or ig in ,  s o m e  d o  not  h a v e  c e n t r e s  ot  d ivers i ty ,  s evera l  can be  traced  t o  very  

limited and s p e c i f i c  o r i g i n s  and o l h e i w o u l d  have, o r ig in a te d  all o v e r  the g e o g r a p h i c a l  

range o f  s p e c i e s  I f  th e  c r o p  h a v e  not  spread  to  any  o th e r  area,  the c e n t r e s  ot d iv ers i ty  an 

origin will b e  s a m e  D i f fe r e n t  c r o p s  h a v e  d if lerent  e v o l u t i o n a r y  patterns ,  the  main  

patterns can b e  c l a s s i f i e d  as,

a. Endemic C r o p s  that o r ig in a t e d  in a l imited a i e a  and did not s p r e a d  a p p r e c ia b ly  E g  

Brachiaria deflexa  in G u i n e a ,  hnsc/c vcrUcosa in E th iop ia ,  Pi^ihnm  ihttrcia in W e s t

Africa

b Semi endemic Crops that originated in definable centre and with limited dispersal Eg 

Oryza %/aherimma

c Mono centric Crops with definable centre of origin and wide dispersal without 

secondary centres o f  diversity Eg Arabica coffcc and Hcvea rubber. C rops o f  this group

are plantation or industrial crops



d. Oligocentric: Crops with a definable centre o f  origin, wide dispersal and one or more 

secondary centres o f  diversity. Eg. Near east complex o f  barley, emmer wheat, flax, pea, 

lentil, oats, chickpea, Brassica sp., all have secondary centres in Ethiopia and some also 

have centres in India and China.

e. Non centric. C r o p s  w h o s e  p a t te r n  o f  v a r ia t io n  s u g g e s t  d o m e s t i c a t i o n  o v e r  a w i d e  area.  

C en tres  are  e i t h e r  n o t  a p p a r e n t  o r  a n o m a l o u s .  E g .  S o r g h u m ,  c o m m o n  b ea n ,  b an ana  and  

Brassica campesiris

Diffuse origins:

C ro p  o r ig in  c a n  b e  d i f f u s e  in b o t h  s p a c e  and t ime.  E v e n  i f  a c r o p  en te r s  the  d o m e s t i c  fo ld  

in a l im ited  area ,  it m a y  c h a n g e  radica l ly  as  it is d i s p e r s e d  f r o m  its  c e n t r e  o f  o r ig in a t ion .  

A s  it s p r e a d s ,  it m a y  r e c e i v e  i n f u s io n s  o f  g c r m p l a s m  from  its w i ld  re la t iv es  and p e o p l e  in 

different  r e g i o n s  m a y  a p p ly  very different se l ect ion p r es su res .  T h e  most  h ig h ly  d er iv ed  

end p r o d u c t s  m a y  b e  far r e m o v e d  geographica l ly  and morph olog ica l ly  from the wild  

p r o g e n i t o r s  fro w h i c h  they  e v o l v e d

M a i z e  w a s  d o m e s t i c a t e d  firM m S o u t h e r n  M e x i c o  and spread s l o w ly  in all 

d ir e c t io n s  fro its c e n t r e  o f  o r ig in  At the t ime ol European c o n t a c t ,  it w a s  being cu l t iv a ted  

from S o u t h e r n  C a n a d a  to  Sou thern  A i g e n t i n a  and Chile and throughout  the C aribb ean  

i s lands  E a c h  r e g i o n  has  its o w n  characterist ics  array o f  r aces  S o m e  larger areas  had  

f e w e r  r a c e s  and s m a l l e r  a r e a s  w i t h  larger var ia t ion s  I h e s e  a reas  o l  d iv er s i ty  o c c u r r e d  in 

S o u t h e r n  M e x i c o ,  G u a t e m a l a ,  parts  o l  C o l o m b i a  and Peru is n o t e d  tor its e x t r e m e  

divers i ty  in M a i z e  M a n y  u n i q u e  ra c e s  h a v e  not lou iu l  in c e n t r e s  o l  or ig in  S imilar ly  

B a r ley  w a s  first d o m e s t i c a t e d  m N ear  l ast It is b e i n g  c u l t iv a t e d  from  a b o v e  thc  Art ie  

c irc le  to  S o u t h e r n  A r g e n t i n a  and  ( bi le as w e l l  as in trop ica l  la t i tu d e s  1 h e  p r o g e n i t o r  is 

wild  t w o  r o w e d  Hordeum spontancum  and thc  earl iest  bar ley  f r o m  a r c h e o l o g i c a l  s i te sare  

t w o  r o w e d  V a r i a t i o n s  are  not  s e e n  in c e n t r e s  o f  or ig in  but s e e n  in o th e r  g e o g r a p h i c a l  nnd 

e c o l o g i c a l  r e g i o n  w i t h  s p e c i f i c  c h a r a c t e r s  B a r le y  o f  E th io p ia n  p la teau  is fa v o r a b le  for  

d e v e l o p m e n t  o f  l e a f  d i s e a s e ,  In T ib e t  it has  n a k e d  s e e d s  and s o m e  are  h o o d e d  nnd  

pecu l iar  c h a r a c t e r s  are  s e e n  in b a r le y s  o f  C h i n e s e  nnd Japan All  t h e s e  o r ig in a te d  in the



respective area and they differ considerably from the primitive two rowed barley first 

cultivated by man in the near east. Wheat is another example where the hexaploid wheat 

has originated outside the nuclear area where einkom and emmer wheat have originated.

Variation in a crop may be increased considerably if the crop is used for different 

purpose by different people.

Commom bean -  used for green and dry beans

Garden pea -  green and dry peas, edible pods

Mung bean -  used as flour in India, sprouted in China

Jute -  fibre in India, vegetable in Africa

Flax -  fibre, edible seeds, industrial oil

Hemp -  fibre, edible seeds, narcotics

C e r e a l s  -  m u l t ip l e  u s e s  in d i f feren t  areas

T h e  v a r ia t ion  p a t tern  o f  c r o p s  are large ly  art i facts  r e su l t in g  fro m  h u m a n  act ivity;  

th ere fore ,  the  larger  the  n u m b e r  o f  p e o p l e  w h o  g r o w  a c r o p  and the  g r e a t e r  their  d ivers i ty ,  

the m o r e  v a r ia b le  the  c r o p  is l ike ly  to  be

Microcentres:

W ithin  the  c e n t r e s  o f  d iv e r s i ty ,  a v crv  .m ill r e g io n  s h o w  e n o r m o u s  d iv er s i ty  and this  

r e g io n  is ca l l e d  m i c r o c e n t e r  M ic r o c e n t i e s  a i e  re la t ive ly  smal l  r e g io n s ,  1 0 0 - 5 0 0  km  

a c r o s s  in w h i c h  m a y  b e  p a c k e d  an a s t o n i s h in g  variat ion  i r o m  o n e  to  sev era l  c r o p s  f l i c  

s o u r c e  o f  var iab i l i ty  i n v o l v e s  m t r o g r e s s i o n  b e t w e e n  c o n t r a s t in g  p o p u la t i o n s  

M i c r o c e n f r c s  are  s c a t t e r e d  a c r o s s  the  near  east  lu r k i s h  I h r a c c ,  I r a n s c a u c n s ia  w i t h  parts  

of T u r k e y ,  parts  o f  Iran an d  A f g h a n i s t a n  (I bit Ian, | 0S | )

Lnndrace populations:

With the advent o f  modern agriculture it seems necessary to describe lnndrace 

populations It is only within the last century or less landrnccs have been replaced by 

uniform breeding cultivars or hybrids o f  controlled parentage Traditionally, field crops 

consisted o f  landrace populations rather than cultivars o f  modern sense Landrnccs ate



gtill grown in areas where traditional agriculture is practiced. Land race populations are 

hishly variable in appearance and are easily identifiable and have local names. A land 

race has particular properties or characteristics. Some are considered early maturing and 

some late. Each has reputation for adaptation to particular soil type. They may be 

classified according to their usage also.

G e n e t i c  v a r ia t io n  w i t h in  and  r a c e s  m a y  b e  c o n s id e r a b l e  t h e y  are o f f s p r in g s  o f  

l ines  h a v in g  u n d e r  g o n e  lo c a l  s e l e c t i o n  for  m a n y  g e n e r a t io n s .  L a n d r a c e s  are  a d a p te d  to  

c o n d i t i o n s  o f  t ra d i t io n a l  a g r ic u l tu r e ,  th ey  are a d a p te d  to  l o w  so i l  ferti l ity,  l o w  plant  

p o p u l a t i o n  and  l o w  y ie ld  O n  the  o t h e r  hand,  g e n e t i c  variabi l i ty  p r o v i d e s  s o m e  built  in 

in su ra n ce  a g a in s t  h a z a r d s  D e v a s t i n g  d i s e a s e s  e p i d e m i c s  are u n l ik e ly  b e c a u s e  the  

p o p u l a t i o n  c o n t a i n s  s u c h  an array o f  r e s i s t a n c e  g e n e s  and n o  s in g le  race  o f  p a t h o g e n  can  

built u p t o  e p i d e m i c  p r o p o r t i o n  S o m e  w o u l d  he  a f f e c t e d  e a c h  yea r  and not  all o f  them .  

Land race  c a n  e m e r g e  f r o m  a w i d e  ra n g e  o f  p lan t ing  depth;  t h e y  can  w i t h s t a n d  m a n y  

bio t ic  and a b i o t i c  s t r e s s e s  In trad it iona l  a g r icu l tu re  yie ld  w a s  n e v e r  b e e n  necessary'.

T h e  c o m p o s i t i o n  o f  landraces is lrei | i iently d e l ib era te ly  m a n ip u la t e d  by  

c u l t iv a t o r s  F o r  e x a m p l e  in m a i / e  and .soruhum a ta n n e r  wil l  s e le c t  an ear  h ea d  o r  c o b  

from  the  f ie ld ju s t  b e f o r e  h arves t  a .  .eeds loi  next  s e a s o n  s o w i n g  S o m e t i m e s  the h e a d s  

are s imilar  but  s o m e t i m e s  r e m a i k a b l e  a n  ay ot ear h e a d s  are a s s e m b l e d  I a i m e r s  se lec t  a 

really var iab le  r a n g e  a n d  the  r e a s o n  g iv e n  is that a m ix tu re  o l  t y p e  is m o i e  n u t i i t i o u s  than  

un i form  s tra ins  W h e t h e r  the  s e l e c t i o n  o l  land race  is u m f o i m  01 \ u i i a b l e .  all c o m p o u n d s  

are from  a d a p t e d  m a te r ia l s  and the  c o m p o u n d s  are s e l e c t e d ,  i c a s s o i t e d .  i c c o m b i n c d  and  

rearran ged ,  but  the  lo c a l  m a te r ia l s  are c o n s t a n t ly  ad ju s ted  to  lo ca l  c o n d i t i o n s  1 lie g i c a t  

s o u r c e s  o f  v a r iab i l i ty  o f  land r a c e s  m a k e s  th em  g o o d  s o u r c e s  o l  g e n e s  for  m o d e r n  plant

b r e e d in g

Implications of evolution and patterns of variability in plant breeding.



Analysis o f  variation patterns o f  crops are essential in order to understand the germplasm 

that went into their evolution and to make efficient use o f  the available variability in plant 

breeding. Typical variation patterns include:

1 . wild population that are often highly variable especially when they cover a 

considerable geographic range and / or ecological amplitude

2 . land race populations which are balanced, integrated mixtures o f  genotypes adapted to

region and to cultural practices in vogue.

3 weed population frequently evolved from genetic interaction between wild and 

cultivated races

4. m i c r o c e n t e r s  in w h i c h  e n o r m o u s  d iv e r s i ty  is f o u n d  in a res tr ic ted  g e o g r a p h i c a l  area,  

u su a l ly  d u e  to  g e n e t i c  in te r a c t io n  b e t w e e n  c u l t iv a te d  ra c e s  a n d /o r  s p o n t a n e o u s  races

5. secondary '  c e n t r e s  in w h i c h  g rea t  var ia t ion  has  a c c u m u l a t e d  in cer ta in  spec ia l  

g e o g r a p h i c  r e g i o n s ,  u s u a l l y  w i t h  c o n s i d e r a b l e  i so la t io n  fro m  o t h e r  r e g i o n s  for  l o n g  

p e r i o d s  o f  t im e

Geographica l  patterns ol  variation help direct pant explorat ion and germplasm  

assembly for breed ing  prourams  C'ullectme is more  rewarding in centres  ot diversity and 

microcenters  w h e n  thev can be found Not al the useiul  g en es  are p i o e n t  in centres ot 

diversity Cult ivars  be ing  g r o w n  near the cl imatic or eco log i ca l  limit, ol  a crop may b a s e  

special  attributes

T h e  o ld  c e n t r e s  o f  d iv e r s i t y  are d i sa p p e a r in g  and s o m e  h a v e  a l t e a d v  g o n e  N e w .  

m o d e r n  c u l t iv a r s  are  r e p l a c i n g  the  land ra ces  D u e  to  m o d e r n i z a t i o n  ol  agr icu l ture ,  thc  

wild  p o p u l a t i o n s  are  h e m g  p l o u g h e d  or  g r a z e d  out  in m a n y  p a i l s  o l  the w o r l d  G e n e t i c  

e r o s io n  is far a d v a n c e d  in m a n y  r e g i o n s  l h e  s o u r c e s  o l  v a r ia t io n  lor plant b r e e d e r s  are 

r e d u c in g  B u t  m a n y  s t e p s  arc  b e in g  ta k en  up  to  c o n s e r v e  lh c  s a m e  l h c  t im e  will  

prob ab ly  c o m e  w h e n  e s s e n t i a l l y  all lh c  var ia t ion  ava i lab le  lo i  plant b l e e d i n g  wi l l  c o m e  

from t w o  s o u r c e s  I c o l l e c t i o n s  m a in ta in e d  in g e n e  b a n k s  and their sa te l l i te  w o r k i n g  

c o l l e c t i o n s  m a in t a i n e d  b y  pant  b r e e d e r s  2 cu l t ivars  in current  p r o d u c t i o n

Role of genetic engineering in evolution:



\ %

Several claims have been made about genetic engineering ( G E )  in comparison with crop 

domestication and classical plant breeding, including the similarity of genetic changes 

between those taking place during domestication and by G E ,  the increased speed and 

accuracy o f  G E  over classical plant breeding, and the higher level o f  knowledge about the 

actual genes being transferred by G E  compared with classical breeding. In reviewing 

evidence pertaining to these claims, I suggest that (i) it is unlikely that changes introduced 

by G E  will make crops weedier, although exceptions have been noted, (ii) changes 

brought about by G E  currently often involve gain-of-function mutations, whereas changes 

selected during domestication generally involve loss-of-function mutations, (iii) adoption 

of G E  cultivars has been m u c h  fas ter  than any previous i n t r o d u c t io n  and spread of 

agriculture that o c c u r r e d  earlier but has  o c c u r r e d  at a b o u t  the s a m e  rate as  the spread  o f  

cu lt ivars  o b t a in e d  b y  plant  b r e e d in g ,  ( iv )  in tr o d u c t io n  o f  a g r icu l tu re  r e d u c e d  the  health  o f  

agr icu l tur is ts  c o m p a r e d  w i t h  that o f  h u n t e r - g a t h e r e r s ,  s u g g e s t i n g  that in tr o d u c t io n  o f  

innovations d o  n o t  a u t o m a t i c a l l y  i m p r o v e  wel l  b e in g ,  (v )  a l t h o u g h  G E  is not  a su b s t i tu te  

for plant b r e e d i n g ,  it c a n  s ig n i f i c a n t ly  c o n t r ib u t e  to  plant b r e e d in g  by g e n e r a t in g  

addit iona l  g e n e t i c  d iv e r s i ty .  (v i )  unceM .un t ie s  a s s o c i a t e d  w i th  the  site ot in ser t ion  ol  

t r a n s g e n e s  in the  v e n o m e  and the  e x p i e s - a o n  oj t ra n x g en es  f o l l o w i n g  inser t ion ,  m a k e s  G E  

less rapid and p r e c i s e  than o r ig in a l lv  G a u n e d  and (v n )  a po ten t ia l  a d v a n t a g e  ot G E  o v e r  

classical b r e e d i n g  is the  k n o w l e d g e  ot the actual  g e n e t s )  b e in g  inserted ,  a l t h o u g h  tew  

cases o f  u n w a n t e d  g e n e  in t r o d u c t i o n s  th r o u g h  c la ss ica l  plant b l e e d i n g  h a v e  b e e n  

documented f u r t h e r  a d v a n c e s  in G E  will in crea se  the p r e c i s io n  ot the  t e c h n iq u e ,  its 

r e l e v a n c e  to  c o n s u m e r s ,  and its e n v i r o n m e n t a l  l n e n d l i n e s s  W h a t  is m o s t  n e e d e d  a te  

even-handed, c a s e - b y - c a s c  a s s e s s m e n t s  ot  the b e n e l i t s  and p o te n t ia l  p it la l l s  o l  G b  in 

comparison with o t h e r  c r o p  i m p r o v e m e n t  t e c h n iq u e s  ( lass ica l  plant b ic e d i n g  m a y ,  in the 

end, also be regulated in the s a m e  w a y  as ( iE (Cicpts, 2 0 0 2 )
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1 . Most Off the crops originated in South Exist Asici according to your presentation but 

reports shows that most o f the crops are from Near eastern centres?.

M s: The region o f  South east Asia was proposed by Carl O ’Sauer based on some pre 

suppositions.

2. What is the evolutionary process o f  Oryza malampuzhensis?

Ans: It must have been derived from the introgression from weedy species.

3 What is the secondary centres o f  origin ?.

A n s  T h e s e  are  the  r e g i o n s  w h e r e  a c r o p  h a v e  spread  fro m  its pr im ary  c e n t r e  o f  or ig in  and  

m o r e  variabi l i ty  e x i s t  in the  s e c o n d a r y  c e n t r e s  o f  or ig in  d u e  to  p r o l o n g e d  c u l t iv a t io n  and  

c r o s s in g  b e t w e e n  o t h e r  w e c d v  and w i ld  re la t ives  e x i s t i n g  in that r e g io n

4. How are primary, centres different fmm the secntuhirx < entres of origin

A n s  Pr im ary  c e n t r e s  are  e n r ic h e d  with  d o m in a n t  c h a ra c ter s  and wi ld  i c l a l i v e s  o l  a c r o p  

plants  are s e e n  o n l y  in p r im a ry  center  s n |  o i i l u i i

5. H o w  m a n y  s p e c i e s  o f  r ice  are c u l t iv a t e d  '

A n s  T w o  are  c u l t i v a t e d  i c  , Orvza saliva and ( f  glahenmnia
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1 3  1

Antibodies are well recognized as indispensable tools for recognizing 

and tracking target molecules. However, traditional methods for preparing 

antibodies are cumbersome and labor intensive. As a result, researchers are 

working to develop faster and easier ways to capitalize on the target-recognition 

qualities of antibodies. Molecular antibodies have been generated either bv the 

hybridoma technology or more recently, from antibody libraries. The development 

of antibody libraries has been greatly influenced by the development of display 

technologies and vice versa The physical connection of antibody phenotype 

(protein) and genotype (cDNA) effectively allows selection rather than screening 

of antibody libraries The integration of antibody libraries and phage display 

technology approximate!) a decade ago was a key event in this respect More 

recently, display technologies other than phage display have been applied lo 

antibody libraries, including ribosome, yeast and bacterial display

Tvpically, anlibodv l i b r a r i e s  are selected for mAbs that bind with high 

affinity and specificity to a given target a n t i g e n  However. mAbs exhibit selectable 

phenolvpes other than af f in i ty  .uul  s p e c i f i c i t y  For example. mAbs that mediate 

endocytosis of phage bv m a m m a l i a n  cells c a n  be selected from antibody libraries, 

which has potential application in gene therapy En/ymattc activity is another 

selectable phenotvpe ol mAbs Whereas the hybridoma technology is practically 

confined to rodents, anlibodv libraries allow the generation of mAbs from virluallv 

any species whose immunoglobulin genes are known It is conceivable that the 

ability to generate mAbs from a v an el v of species will be important for the 

identification of highly conserved human antigens or highly conserved epitopes of 

human antigens The epitope repertoire of a given human antigen recognized bv 

nonhuman antibodies is different for each species As a result, epitopes that are not 

immunogenic in one species might be immunogenic in a different species. Highly 

epitopes often display functional binding sites The generation of mAbs against 

functional binding sites, that is, the generation of mAbs that agonize or antagonize 

functional interactions, is relevant for therapeutic applications
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Phage display, first introduced by G. Smith (Smith, 1985) is a very 

effective way for producing large numbers up to 1010 of diverse peptides and 

proteins and isolating molecules that perform specific functions. This technique 

can also be used to study protein-ligand interactions, receptor and antibody-binding 

sites, and to improve or modify the affinity of proteins for their binding partners 

(Cesareni. G 1992). Phage display involves the expression of proteins, including 

antibodies, or peptides on the surface of filamentous phage. DNA sequences of 

interest are inserted into a location in the genome of filamentous bacteriophage 

such that the encoded protein is expressed or "displayed'’ on the surface of 

filamentous phage as a fusion product lo one of the phage coal proteins. This 

technology thus couples the displayed antibody’s phenotype to its genotype, 

allowing the D N A  that c o d e s  fo r  the selected antibody to be retrieved easily for 

future use Collection of these anlihodv-cov ered phage are called a library.

Phage libraries each tvpicallv contain a billion different antibodies, a 

number comparable to that m human immune systems To select the phage with 

the desired anlihodv from a librarv, the phage arc allowed to bind to the target 

molecule bind tightly, and the remaining (unbinding) phage are simply washed 

away Phage displav even permits researchers to select antibodies with different 

binding characteristics for a given target The DNA contained within the desired 

phage then can be used to produce more ol the selected antibody lor use in 

research or medical diaiymstics Iherclorc. instead ol having to genetically 

engineer proteins or peptide variants one-bv-onc and then express, purify, and 

analyze each variant, phage displav libraries containing several billion variants can 

be constructed simultaneously specific phage particles bearing sequences with 

desired binding specificities from Ihc nonbinding variants

A ntibody  phage  d isplay

DNA encoding millions of variants of certain ligands (e.g. peptides.

proteins or fragments thereof) is batch-cloned into the phage genome as n fusion to 

the gene encoding one of the phage coat proteins (pill, pVI or pVHl) (lig 1)



Figure. 1

Upon expression, lhc coal prolan fusion will he incorporated into new phage 

particles lhal are assembled m lhc hacleimm Fxprcssmn of lhc fusion product and 

its subsequent incorporation into lhe mature phage coal results in thc ligand being 

presented on the phage surface, while Ms genetic material resides within the phage 

particle (fig.2) This connection between ligand genotype and phenotype allows the 

enrichment of specific phage, e g  using selection on immobilized target. Phage 

that displays a relevant ligand will be retained, while nonadherent phage will be 

washed away Bound phage can be recovered from the surface, reinfected into 

bacteria and re-grown for further enrichment, nnd eventually for analysis or

binding.



GENE TRANSFER PROCEDURE

Figure.2

T h e  s u c c e s s  ol l igand phage display hinges  on the com b in at ion  o f  this 

display and enr ichm ent  method,  with the synthesis  o f  large combinatoria l  

repertoires  on p h a g e  T h e  phage  display cycle.  D N A  e n c o d in g  for mil l ions  o f  

variants o f  certain l igands (e g pept ides ,  proteins or fragments thereof)  is hatch-  

c lo n e d  into the phage  g e n o m e  a.s part o f  o n e  o f  the phage  coat  proteins  (p i l l .  pYl  

or pVfll) Large libraries containing, mil l ions o f  different l igands can he  obtained  

by force  c lo n in g  in /• toll  From these repertoires,  phage  carrying spec i f ic  binding  

l igands  can be iso lated  bv a scries o f  rccursw e  cyc les  o f  se lec t ion  on antigen,  each  

o f  w h ich  in v o lv e s  binding,  washing,  e lution nnd amplif icat ion  

J. FILAMENTOUS PHAGE BIOLOGY

The most popular phage that has been used for display is the 

filamentous bacteriophage The non-lvtic filamentous phage fd or M l3 infect 

strains of A' coli containing the F conjugnlivc plasmid Phage particles attach to the 

tip o r  the F pilus that is encoded by genes on this plasmid, nnd the phage genome, a 

circular single-stranded DNA molecule, surrounded hy a cylinder of cont proteins 

and are about I pm in length, 7 nm in diameter, and have n molecular mass of - 1.6

x It)7 Da(fig.3)

D

atfnity-seicctabte 
peptide a no 
encoding gens?
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M o s t  o f  the viral caps id  consis ts  of the major protein pVIII. o f  w hich  there are 

- 2 7 0 0  c o p i e s  per phage  At on e  end o f  the phage  particle, there are f ive cop ies  

each  o f  p 111 and pVI that are invo lved  in host cell b inding and in the termination o f  

a s s e m b ly  p rocess  T h e  other end contains five cop ie s  each o f  pYII and pIX The  

g e n o m e  is repl icated m \ o l \ e d  both phage and host derived proteins,  and packaged  

by the in fected  cell  into a rod-shaped  particle which  is released into the m edia  All 

virion prote ins  wi l l  undergo  transport to the cell perip lasm prior to a s se m b le  and 

ex trus ion  

L ife  c y c l e

F i la m en to u s  phage  d o e s  not p roduce  a lytic infection in /.' call, but 

rather in d u c e s  a state  in which  the infected bacteria p r o d u c e  and secrete  phage  

partic les  w i thout  u n d erg o in g  lysis Infection is initiated by the at tachment o f  the 

p h a ge  g 3 p  to the f  pilus  o f  a m ale  E toll ( e g  , E coli T G I )  Only the circular  

p h a ge  s s D N A  enters the bacter ium where  it is converted  by the host D N A  

repl icat ion m ach inery  into the double -s tranded  p lasmid l ike repl icative  form (RF)  

T h e  RF u n d e r g o e s  rol l ing circ le  replication to m a k e  s s D N A  and also serves  as a 

t em pla te  for e x p r e s s io n  o f  the phage  proteins  g 3 p  and g8p.  Phage  progeny are 

assembled by p ack a g in g  o f  s s D N A  into protein coa ls  and extruded through the 

bacterial m e m b r a n e  into the m e d iu m  R ecom binant  ant ibodies ,  and fo lded proteins,



are typically expressed as g3p fusion proteins and are displayed at the tip of the 
MI3 phage.

4. PHAGEM ID CLONING VECTORS

W ith  the M l  3 phage,  there are tw o  forms o f  the phage  D N A :  s s D N A  

t em pla tes  that can  be  eas ily  prepared from phage  m e d ia  and used for sequenc ing  

and d s D N A  (p la s m id - l ik e  RF)  that can be  isolated from the infected bacterial  host  

and u sed  for c lo n in g  o f  a target fragment. Phagem ids ,  a m o re  popular vector  for 

display,  are hybrids  o l  phage  and plasmid vectors. Phagem id s  are des igned  to 

conta in  the or ig ins  o f  replications for both the M 13 phage  and E. coli in addition to 

g e n e  111, appropr iate  m ult ip le  c lon ing  sites, and an ant ib iot ic -res is lance gene  

H o w e v e r ,  they lack all other structural and nonslruclural gene  products  required  

for generat ing  a c o m p l e t e  phage  Ph agem ids  can be g ro w n  as p lasm ids  or 

alternatively p ack a ged  as recombinant  M I 3  phage  with the aid o f  a helper phage  

that conta ins  a sl ightly  d e fec t iv e  origin o f  replication (such  as M 1 3 K 0 7  or 

V C S M I 3 )  and su p p l ie s ,  in irons all ihc structural proteins required for generating  

a c o m p l e t e  p h age  T his p rocess  ll termed phage rescue  (f ig  4 )  T h e  resulting  

ph age  part ic les  mav incorporate  either pil l  derived from the helper phage  or the 

poly p e p l id e - p l  11 fus ion  protein,  en co d ed  by the phagem id  1 he ratios of  

p o lv p e p  t ide-p  111 fus ion  protein will Ivpc pi l l  may range b e tw een  I and 1 1 0 0 0  

d e p e n d in g  on  the Ivpc ol ph agem id ,  growth condit ions ,  the nature ol the 

p o ly p e p t id e  fused  to p i l l ,  and proteolytic c leavage  o f  an t ibodv-p l l l  lus ions
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5. ANTIBODY STRUCTURE

All antibodies have a basic structure consisting of an identical pair of 

heavy chain polypeptides and a pair of identical light chain polypeptides held 

together by disulfide bridges and noncovalent bonds. Each of the heavy chains is 

encoded for by: variable (VH), diversity (D), joining (JH), and constant (CH) 

genetic segments: while each of the light chains is encoded for by VL, JL, and CL 

segments. The DNA and the amino acid sequences of the C region are relatively 

conserved within a given species while those of the V region are antigen- 

dependent. Pairing of the heavy chain V-D-J regions and light chain V-J regions 

creates an antigen-dependent Pairing of the heavy chain V-D-J regions and light 

chain V-J regions creates an antigen-binding site (paratope), which recognizes a 

single antigenic determinant ( ep i top e )  Each V region consists of an alternating 

framework (F \V ) .  which is m ore  conserved ,  and three hyper-variable or 

complementarity-determining regions  (C'DRs) with greatest s e q u e n c e  diversity  

The C'DRs. and to a lesser extent  the FVV regions,  interact with the antigen to form  

the core ol an ant igen-b ind ing  site l h e  V seg m en t  e n c o d e s  the first 2 C'DRs. whi le  

the third CDR is the product  o f  the junction o f  V -D -J  for the heavy chain or V-J for 

the light chain 

Antibody fragments

A n t iborh  m o le c u le s  contain discrete protein d o m ain s  that can be

separated by protea.se digestion or produced by recombinant technology Two 

antigen-binding fragments designated l;ab and Fv have been cloned and displaced 

on phage The larger l;ab (fragment anlihndv) consists of VII-CH and VL-CL 

segments linked by disulfide bonds The smaller Fv (fragment variable) is 

composed of the VI. and VII regions onlv Hie rccnmhmanl version of lire Fv is 

termed lhe single-chain variable fragment (scFv) The two variable regions in the 

scFv are artificially |oined with a flexible peptide linker, usually a I? aa linker is 

used with lhe sequence (G M Scrh. and expressed as a single polypeptide chain 

The linker allows lhe association of lhe VII and VL lo form lhe an.igcn-bmding

site



6. CONSTRUCTION OF SCFV PHAGE DISPLAY LIBRA RIFS

To construct an scFv library using phage display, genes of variable 

heavy CVTf) and variable light fVL) chains of antibodies are prepared by reverse 

transcription of mRNA obtained from B-lymphocytss. Then mRNA is affinity 

purified by affinity chromatography on oligo(dT)-cellulose. mRNA is reverse 

transcribed into c D N A  using radom hexamers. The heavy and light chain antibody 

genes are amplified in two separate reactions using two sets of primers designed to 

hybridize to opposite ends ol the v ariable region of each chain. The purified heavy 

and light chain D N A  products are assembled into a single gene using a D N A  linker 

fragment constructed to hybridize to the 3 'end of the heavy chain and the 5 'end of 

the light chain The assembled scFv D N A  fragment is amplified by PCR using a 

set of primers designed to introduce restriction sites for cloning into a phagemid 

vector Following restriction digest ion  and ligation of the scFv D N A  to the 

phagemid. the ligated vector is introduced into competent E coh by CaC F  

transformation or e lec troporat ion  Phagennd-containing bacterial cel ls  are grown 

and then infected with a helper  phage  ( M 1 3 V C S  or K 0 7 ) .  a process k n o w n  as 

phage rescue, to vie ld  recom binant  phages which display scFv ant ibody Iragments  

as fusion to one of the coat  protein:;

7. ANTIBODY LIBRARIES  

Immune library

Libraries are created Irom the lg(i genes of spleen B-cells of mice 

immunized with antigen o r  from immune donors An immune phage antibody 

library will be enriched in antigen specific antibodies, some of which will have 

been affinity matured by the immune system Repertoires may be created from the 

IgG genes of spleen B-cells of mice immunized with antigen or from immune 

donors An immune anlibodv library has two main characteristics (i) il mil be 

enriched in antigen-specific antibodies, and (li) some of these antibodies will have 

undergone alTinily maturation by Ihe immune system (llnckson 1991)

Immune libraries were used In produce antibodies agamsl carcino-embryomc 

antigen (CEA) (Chester c, a l , 1994), and major histocompatibility

complex/peptide complexes High-affinity anhbod.es were reportedly derived bom 

mice (Andersen e, al . \ 996), chickens (Yamanaka c, al.. 1996). and rabbits (Lang



J

et al., 1996). Antibody libraries were also derived from sheep (Chariton*/ al., 
2001), cows and nonhumon primates (Tordsson et al., 2000).

Applications

Cloning of high-aflinity antibodies present after viral infections or 

cancer, and antibodies to self-antigens present in patients with autoimmune 

diseases is made possible. Analysis of such antibodies could aid in the 

identification of antigenic epitopes involved in the humoral immune response. A 

second application of immune libraries involves the removal of irrelevant 

antibodies: this can be used to generate antibodies against minor or poorlv 

immunogenic antigens 

Disadvantages

(i)  lon g  l im e  required lor animal imm unizat ion ,  (n) lack o f  im m u n e  response  to 

s e l f  or tox ic  antigens,  (m )  the unpredictabil ity o f  the im m u n e  response  to the 

antigen o f  interest ,  ( iv) a n e w  ant ibody library must be constructed for each antigen  

this increases  the total t ime o f  the procedure  by 1-3 months ,  and (v) restrictions in 

generat ing  hum an  ant ibodies  

Synthetic library

It has b e c o m e  o b v io u s  fn*'1’. .iructural s tudies  that f i \ e  o f  the six C D R s

have  l imited structural v ariation '( hothia. l '*S7) i  he C D R 3  ol the heavy chain

( V H - C P R 3 )  is the m ost  diver e loop  in c o m p o s i t io n  and length (est imated

potential  d ivcrs i lv  ol 10 s e q u e n c e s )  and is m ost  central to the antigen-binding site

o f  nil C D R s  ( S a n /  1 9 0 1 )  Therefore ,  synthetic libraries can be  m a d e  bv

r a n d o m iz in g  the VI IT DIM region synthetic repertoires w ere  m a d e  us ing different

strategies  inc lud ing  the use  o l  randomized light and heavy chain C D R 3 s

( A k a m a t s u  ct a l . 199.3) and diversifying all three C D R  lo o p s  m o n e  V -g cn e

s e g m e n t  (Garrard and l lcnner.  199.1) In the first synthetic ant ibody library

con s tru c ted  a c c o r d in g  to these principles (S iege l  et al.. 1 9 9 7 ) ,  a set  o f  4 ) human

V H - s e g m e n t s  w a s  a s s e m b le d  via PCR with a short C D R 3  region (e n c o d in g  either

f ive  or  e ight  a m in o  ac ids)  and a J-rcgion.  and c loned  for display as a s cF v  with a

human lambda light chain From this library, many antibodies to haptens and one

against a protein antigen were isolated Subsequently, the CDRl-regions were

enlarged (ranging from 4 lo 12 residues) to supply more length diversity in this

loop (Bruin el a l , 1999) Antibodies with nanomolar affinity were eventually

isolated from a synthetic ant,body library which combined a novel synthesis
10
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method to construct combinatorial libraries, in vivo recombination, with a strategy 

to maximally mimic natural antibody diversity.

A major advantage of synthetic library over naive ones is the potential 

to control and define the contents, local variability and overall diversity of 

synthetic libraries. The choice of V-gene segments for the construction of synthetic 

antibody repertoires may be guided by factors that will increase the overall 

performance o f  the library, such as good expression and folding and low toxicity in 

E. coli. this will increase the functional library size.

Naive library: “ single pot libraries”

V - g e n e s  from the IgM m R N A  o f  B-ce l ls  o f  u n im m un ized  human  

d o n o r s  are i so la ted  from  peripheral b lood  lym phocytes ,  b on e  marrow,  sp leen  cells,  

or fro m  animal s o u r c e s  F rom  small  s ized human s ing le -pot  libraries (3 x 107 

ant ibody  c lo n e s ) ,  ant ibodies  have  been isolated against “ foreign" antigens ( e g .  

b o v in e  s eru m  a lb u m in  and l y s o /y m e ) ,  haptens ( 2 - p h e n y I o x a /o l - 5 - o n e ) .  or " s e l f  

antigens  ( thyrog lobu l in .  tum or  necrosis  factor a)  (N i s s im  cl a l . 199-4). T h e  affinity 

o f  these  an t ib od ies  w a s  similar to that seen in naive  primary im m u n e  response  and 

w as  suff ic ient ly  react ive  in Western blot.  E L ISA ,  and F A C S  analysis A large 

s i / e d  na ive  librarv w as  constructed using lym phocytes  Irom over  -4<> 

n o m m m u n i / e d  h u m an  donors  and contained I -4 x 1 0 1 c lon es  (Vaughan  ii a l . 

1 9 9 (i) A n l ih o d v  l ibraries from n o n - n n m u n i / e d  donors  c lon e  high-afl initv  

an t ib o d ie s  present alter viral infect ions or cancer, and ant ibodies  to se l l -anl igens  

present  in patients  with a u to im m u n e  diseases  Analysis  o f  such ant ibodies  could  

aid in the identi f icat ion  of antigenic ep i topes  involved  in the humoral  im m u n e  

r e s p o n s e  A s e c o n d  appl icat ion o f  im m u n e  libraries invo lves  the rem oval  of  

irrelevant an t ib o d ie s  this can be used lo generate ant ibodies  against m inor  or

p oor ly  i m m u n o g e n i c  antigens  

A d v a n ta g e s

(i) isolation of human antibodies In self, nonimmunogenic or toxic antigens: (ii) a 

single library can he used Tor all antigens: (hi) short Imre needed for antibody 

general,on (2-4 rounds of selection in two weeks) and <iv) direct isolation or high 

affinity antibodies when very large repertoires arc used.



Disadvantages

(i) low affinity of antibodies isolated from small sized libraries: (ii) the time 

needed to construct large libraries, and (iii) content and quality of the library are 

influenced by the unequal expression of the V-genes repertoire, unknown history 

of the B-cell donor, and potential limited diversity of the lgM repertoire.

8. SELECTION OF ANTIBODY LIBRARIES: “ BIO-PANNING”

Antibody libraries are screened and enriched for antigenspecific clones 

by a technique known as bio-panning in which phages displaying scFv are 

incubated with an immobilized antigen of interest (Nissim et al., 1994). Unbound 

phages are removed by washing whereas phages displaying scFv that specifically 

bind the antigen are eluted, by changing the binding conditions, and amplified in E 

colt
Selection using immobilized antigens

Phage libraries are selected by flowing through an affinity column with 

the immobilized antigen of interest Following washing of the column to remove 

nonspecific clones, specific hinder; are eluted and amplified in /•' coh It should be 

noted that selection of the immobilization method must take into consideration the 

conformational integrity of the immobilized antigen Some phage antibodies 

selected attainsl an adsorbed antmen mav not be able to recognize the native formCJ k—

of the anti yen One uav to circumvent such problem is to employ indirect antiyen 

coating through the use ol antiyen-specilic capture antibodies One way to 

circumvent such problem is to employ indirect antiyen coatiny through the use ol 

antigen-spccific capture antibodies

Selection using antigens in solution

This technique a l l o w s  solution binding and overcomes issues with

conformational changes that arc encountered upon coatiny antiyens on solid 

surfaces The use or labeled soluble antigens also allows a more accurate 

quantification o f  the antigen used during selection (Hawkins cl a/., 1W2) and 

consequently enhances the ability to use lower concentrations of the antigen lo 

favnr selection of high-affintty phage antibodies Phage hound to the labeled 

antigen are recovered with avtdm or slreplavidin-coaled paramagnetic beads 

following incubation of phoge-antibodies with biotmylatcd antigen



D irec t  s e le c t io n  o f  ant ibodies  against markers o n  cell  surfaces  may be  

carried ou t  o n  either m o n o layer s  o f  adherent cel ls  or o n  cells  in suspension.  

U n b o u n d  p h a g e  can  be  w a sh e d  aw a y  by rinsing t issue culture  f lasks (monolayers)  

or centr i fugat ion  (ce l l  su sp en s io n ) .  T o  o p t im iz e  the iso lat ion o f  antigen-specif ic  

binders  and m in i m i z e  the binding o f  irrelevant binders,  a s im ultaneous  pos it ive  and 

n eg a t iv e  s e l e c t io n  m a y  be  appl ied (K r u i f  et al., 1995 ) .  In this approach,  a 

c o m p e t i t i o n  is set  up  b e t w e e n  a small  num ber  o f  ant igen-pos it ive  target cells and 

an e x c e s s  o f  ant igen-negat ive  "absorber" cells to bind antibodies  o f  phage  library: 

the a b sorb er  ce l l s  s erv e  as a sink lor the n on sp ec i f ic  adherence  o f  irrelevant  

binders  A  f luorescent  labeled antibody againsl  an irrelevant antigen present only  

o n  the target ce l ls  is added  and FACS is used to isolate the target cel ls  binding the 

s p ec i f i c  ph age  ant ibod ies  

In vivo s e l e c t i o n

In this m eth od  phage repertoires are directly injected into animals  and 

then t issues  are co l lec ted  and exam ined  for phage bound  to t is sue-speci f ic  

endothel ia l  cell markers  as was  demonstrated for pept ide  ph age  (Pasquahm  and 

Ruoslaht i .  1 9 9 6 )

A d v a n t a g e s

(i) T h e  i so la ted  p h a ge-d isp laved  pept ides  h o m e  se lec t ive ly  to intact targets ol  

interest (n )  an inherent b locking  step is included where  m ost  o f  the phage-  

disp laved  p e p t id e s  that r e c o g n i / e  ubiquitous  plasma and cell  s u i l a c e  proteins  are 

e l im inated  (in)  these pept ides  mav be uselul  lor the lunctionnl a n a h s i s  ol new 

receptors  and potential  identif ication ol n o \ e l  drug target candidates  b eca u se  s o m e  

o f  the i so la ted  p ep t id es  h ace  been found to bind lo endothelial  receptors  expressed

in the vascu la ture  o f  spec i f ic  t issues

P ath ogen s  p r o v id e  research tools,  d iagnost ics  and potential pharmaceutical  

reagents  for the prophylax is  and treatment o f  viral infect ions  (Z w ic k  cl a l . 2 0 0 1 ) .  

R a n d o m  p h a g e  p ep t id es  se lec ted  against ant ibodies  from I l lV - in fcc ted  individuals  

u n c o v e r e d  i m m u n o g e n i c  e p i to p e s  that behave  as antigenic m im ic s  o f  g p l 2 0  and 

41 H I V  prote ins  nnd. therefore,  have  the potential  for u s e  as broadly  protective

[ I V .  I v a cc in e  cand idates  (C hen  cl a l , 2 0 0 1 )  /



9. CATALYTIC ANTIBODIES

Native immuiie system has already been exploited to obtain catalytic 

antibodies (Lemer et al.7 1999). Antibody phage libraries should also prove a 

useful source of catalytic antibodies. A potential added advantage for searching 

antibody libraries for catalytic antibodies is the ability to select for actual catalysis 

rather than for binding activity only (Janda et a l 1991).^

10. PHAGE DISPLAY IN PLANT SCIENCE

Production of diagnostic reagents for single-step detection of target antigens: 

genetic fusions ol antibody fragments lo reporter molecules. Two aspects of phage 

antibody use in relation to plant science are their use as molecular probes, and for 

the in vivo immunomodulalion.

Phage antibodies as immunocytochemical probes

P hage  a n l ib od v  binding can he detected  bv the use  o f  secondary.  is .  •

an t ib od ie s  with sp ec i f ic i ty  for phage coal  proteins.  For e x a m p le  P A M  I phage  can  

be  detec ted  us ing  secondary antibodies  with sp e e d i ly  for the M 1 3  p \  III coat  

protein  T h e  large s i / e  ol M l  3 is a d isadvantage for im m u n o cy to ch em ica l  

loca l iza t ion  s tud ies  b e c a u s e  ol  the d i l lu sc  signal resulting from secondary  antibody 

binding  to the m u lt ip le  c o p ie s  o f  pVIII distributed along the phage particle in order  

to o v e r c o m e  this it is necessar .  lo use  s o lu b le  (n on -p h age  b o u n d )  scFvs  When  

used for im m u n o c v t o c h e m ic a l  labeling the small  s ize  of  P A M l s c F v  prov ides  m uch  

s uper ior  re so lu t ion  c o m p a r e d  to P A M  I phage Recently,  the im m u n o cy to ch em ica l  

ap p l ica t ion s  o f  phage  displav antibodies  have  been extended  bv the p io d u c t io n  of  

s c F v / G F P  fus ions  Functional  .uialvsis has establ ished that in many cases  such  

fu s ion s  can be m a d e  l y  which  both the s c F v  and GFP m oie t ie s  retain their original

act iv it ies  ( M o r i n o  ct a ! . 2 * I . C ascy ct a l , 2000)

Immunomncl illation

ir the genetic pathways controlling a particular process or molecule

not characterized an alternative strategy is to directly disrupt gene products 

order lo elucidate their functions One such direct approach is immunomodulalion - 

the disruption of antigen function by the action of anlibodv binding (Smith and 

Click. 2111111) This can he achieved either Ivy micro-injection of antibodies into 

cells incorporation of antibodies into plan, or plan, cell growth media, or by the 

expression of antibodies in plants.

are 

in



One problem associated with the expression of whole antibodies or Fab 

fragments in plants is that the intracellular environment is not conducive to correct 

antibody assembly. In this regard scFvs, with their relatively undemanding folding 

requirements, are particularly well suited for this role and have been successfully 

used to immunomodulate a variety of plant antigens (De Jaeger et al., 2000). y  

Immunomodulation of the activity of the plant hormones abscisic acid (Straub et 
al., 2001) and gibberellin (Shimada et al., 1999) and the receptor protein 

phytochrome (Owen et al., 1992) has been demonstrated.



Antibod} phage display, system, has yielded hundreds of antibodies for 

therapy, research and diagnostics. Several antibody (synthetic, immune, scFv, Fab, 

etc.) and peptide (linear, cyclic, etc.) libraries have been constructed and 

characterized. Screening of these libraries can yield a set of recombinant antibodies 

or peptides and their coding genes within 2 to 3 weeks. However, given the current 

patent status of phage display, none of these libraries is for sale but the}- may be 

obtained under license agreements from either academic research laboratories or 

biotechnology companies. Biotechnology companies such as Cambridge Antibody 

Technolog}’ (CAT). Dyax. and MorphoSys are now driving the new developments 

and clinical applications of phage display. Exploitation of the phage display 

technolog} to identify new diagnost ic  targets has the potential to direct the 

discover, of new c lasses  of diagnost ic  reagents Antibodies are central to 

mastering the next  m am  task of p o s tg e n o m ic '  research that is. to understand gene  

function bv a n a h / i n g  the p r o te o m e  As w e  enter the era of p ro ieon ncs .  

recombinant ant ibod ies  represent a poss ib le  approach to c lo se  the gap ol  

information that currenth  exists  b e tw een  g e n o m ic s  and p ro ieo n n cs
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13. DISCUSSIONS

1) What are the application in plant science and works in India?

Ans.) There has been reports of use of phage display' in detection of deesterified 

Pectic Polysaccharide Rhamnogalacturonan n  in Plant Cells and some work in 

identifying novel genes for control and deterrence of sucking insect pests. There 

are works going on cholera, HIV and many other diseases in Delhi University, 

ICMR, IISc, TIFR and other premiere institutes in India.

2) What is the meaning of phage?

Ans.) Phages are the common term used for ‘Bacteriophages’. They are the 

viruses. which afTect the bacteria and cause death to the organism.

3). Can this t echn ique  be  used against bacteria?

A n s  ) Y e s .  this technique  w as used against bacter ia  Streptococcus mutans using a 

ph age  d isp lay  chain shuff l ing  approach and there are reports o f  its u se  lo detect  

p a th og en ic  bacteria  in f o o d s

4 )  W hat  w e r e  the earlier techniques  in identif ication o f  antibodies''

A n s )  T h e  earlier techniques  involved hvbr idom a technology ,  enzym e-l inked  

im m u n o s o r b e n t  assav (1*1 ISA) ;unl testing each antibody against the host in the 

h o p e  o f  the perfect  drug

5 )  W hat  is biopanning''

A n s  ) A n t ib o d y  l ibraries are screened and enriched for antigen spec i f ic  c lones  bv a 

t ech n iq u e  k n o w n  as b iopan m ng  in which  phages d isplaying s c F v  arc incubated  

with an i m m o b i l i z e d  antigen o f  interest Unbound  phages  arc r e m o v e d  by washing  

whereas p h a g e s  d isp lay ing  scFv  that specif ical ly  bind the antigen are eluted,  by 

chan g in g  the b inding  condit ions ,  and amplif ied in h. colt.

fi) Is phage display used only for antibody production?

Ans.) Phage display is a complex tool, which can be used for wide range of 

application one of which is antibody production in novel drug discovery. Tire other 

functions include the use of phages for transporting cell or tissue specific drugs or 

ligands, eg.in cose o f  tumor cells we can use tumor specific antibodies lo transport

the drugs



Abstract

Antibodies are well recognized as indispensable tools for recognizing and tracking target 

molecules. However, traditional methods for preparing antibodies are cumbersome and 

labor intensive. As a result, researchers are working to develop faster and easier ways to 

capitalize on the target recognizing qualities of antibodies. Molecular antibodies have 

been generated either by the hybridoma technology or more recently from antibody 

libraries. The development ot antibody libraries have been greatly influenced by the 

development o f  display technologies and vice versa.

Phage display, first introduced by Smith, P.G. (1985) is a very effective way for 

producing large numbers up to 1010 o f  diverse peptides and proteins and isolating 

molecules that perform specific functions. This technique can also be used to study 

protein-1 igand interactions, receptor and antibody binding sites, to improve or modify the 

affinity o f  proteins for their binding partners (Cesareni , 1992). Antibody libraries were 

created from mice (Andersen ct a l , 1990), chickens (Yamanaka ct al., 1996). rabbits 

(Lang el a l , 1996). cows and nonhuman primates (Tordsson ct al., 2000)

Biopanning is the process by which antigen specific clones are screened and enriched 

from antibody libraries in which, phage displaying Single chain variable Fragment (scFv) 

are incubated with an immobilized antigen of interest (Nissim ct •//, l ° lM) Unbound 

phages are removed by washing whereas phages displaying scF\ that specifically bind 

the antigens are eluted, by changing Ihc binding conditions, and amplified in I.aoIi

In this way pathogen specific research tools, diagnostics and potential pharmaceutical 

reagents for the prophylaxis and treatment of viral infections have been developed 

(Zwick el a l , 2 0 0 1 ) Such as HIV-1 vaccine candidates (Chen et al., 2001), Hepatitis f 

virus antibody (Zhong et a l , 2002) and malarial phage libraries (Lautcrbach cl al., 2003)
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m o l e c u l a r  f a r m i n g

Plants  are the  m o s t  efficient producers o f  protein  o n  the planet,  w i th  simple  

nutritional requ irem ents  and the potential to be gro w n  o n  an agricultural scale.

Plant m o lecu lar  farming is a n ew  and promis ing industry involving plant 

bio logy .  M o le c u la r  farming is a term coined to describe the application o f  molecular  

b io log ica l  tech n iqu es  to  the synthesis  o f  commercial  products  that are com plete ly  novel  

to plants . T h e  p rodu cts  identified as targets for molecular  farming include variety o f  

carbohydrates ,  proteins ,  fats and secondary' products are produced  in plants as 

b io f a c t o n e s  /  b ioreactors  (H orn  ct al, 2 004 )

M an y  o f  the prote ins  be ing  farmed in plants are antibodies ,  vaccines  or 

biop harm aceut ica ls  a imed at improving human and animal health. Molecular  farming 

is the area, w h e r e  m any o f  the most excit ing and beneficial deve lop m ents  in plant 

b i o t e c h n o l o g y  are taking place.  Through molecular farming very few  products  have  

reached the market  and s o m e  are expected  to c o m e  lo market within the next 5 years.  

Similar lo  the e v o lu t io n  o f  n e w  biological  organisms, n e w  technical  breakthroughs have  

been a c h ie v e d  through m olecu lar  farming

History:

M o le c u la r  farming has existed since the first higher plant was  success fu l ly  

transformed (FraJcy ct al, 1981) .  because any protein has the potential  o f  being a 

protein product  o n e  o f  the earliest market genes  the scient ists  ha v e  used m deve lop ing  

transformation  s y s t e m s  in plants, uids (Jefferson ct al 1 J87),  is now a molecular  

farming product  (kusnadi  ct al. I 9 9 8 . Witcher ct al 1998)  T h e  first report o f  human  

ant ibodies  p r o d u c e d  in plants was by during 1988 and w a s  expanded  to include  

secretary  an t ib od ies  by (Hiatt  ct al 1989).  The  first report o f  a protein  being produced  

in plants for the sp ec i f ic  purpose  o f  extraction, pm ideation and sa le  o f  that protein  

( H o o d  et o / 1 9 9 7 ) , w h i c h  detailed the production o f  avidin, an e g g  protein with several  

important  propert ies ,  Aprolcm, o n e  o f  the Hrst molecularly farmed pharmaceutical  

prote ins  to  be  p r o d u c e d  in p lanlsfZhong et al 1999) ,  may s o o n  be  used on  medical



I n 

patients for wound closure and to suppress the systematic inflammatory response during 
surgery'.

What Is Molecular Fanning?

Biotechnology in agriculture has two categories:

( 1) Improvements to existing livestock and crops,

(2) Development of entirely new uses for both animals and plants (Bio pharming)

Types of Molecular Fanning:

1 Medical

2 Non-Medical.

Molecular Farming is lhe term for new use plants only [not animals] and is different in 

that this does not afTecl and has nothing to do with food directly.

DEFINITION:

Growing of plants in agriculture to produce pharmaceutical or industrial 

compounds instead of food, feed, or liber. The possibilities range from the manufacture 

of medical products, such as pharmaceuticals (drugs) and vaccines, to the production of 

products like biodegradable plastics and industrial chemicals (Canadian Food

Inspection Industry)

Why plants arc selected for molecular fanning?

I Mammalian cell systems arc expensive and having pathogens and animal

viruses cause contamination

2. Bacterial or fungal cell system can be scaled up but chen-recombinant proteins

are not properly processed (They are not properly folded and disulphide bridges

are not formed) So intracellular precipitation of non-functional protein con

occur
3 Large growing vessels of high cost required for growing ofbnclerin and fungi



4. Plant material can be scaled up so that large quantity of material can be

harvested and processed, allowing industrial scale amounts of protein to be 
purified.

5. In some cases it may be possible to omit purification and the plant material 

containing recombinant enzyme can be added directly to animal feed or industry 

process.

6 . There are some difference between plant and animal posttranslational 

modification systems and the difference in glycosylation patterns has caused 

some concerns, particularly when expressing antibodies in plants.

7 Plants are able to fold, cross-link and translationally modified i.e. functional 

proteins are obtained.

8 The combination of protein products with toxins or pathogens of animal and 

humans very much reduced.

Lot of work was first done with tobacco, but this is not a suitable plant for feeding 

to animals For work in which edible products are being developed in plants such as 

potatoes, tomato, mai/e and lettuce. For bulk production this leaves of plants such 

as tobacco and alfalfa remains a favoiite, because they can be harvested several 

times per year. However, plants such as rice, wheat, maize & soybean have also 

been used although their biomass yields are lower.

("rnp Annual biomass (t/lm)

T o b a c c o  -lOOO

Alfalfa 2S

Maize

Rice r’

Wheal "■*



Steps in molecular farming:

Structural gene ►Plant expression vectof ► Introduction into plant

Cultivation in large scale ^  Transgenic plants ^ _____  Proteintrafficking

----------- ►Harvest ---------- ^  Extraction & purification _______ ^  Pharmaceutical production.

MOLECULAR FARMING SYSTEM

Methods Of Protein Production From Plants:

1. S tab le  n u c le a r  transform ation  o f  a crop species grow n in field / greenhouse.

2. S ta b le  plastid  transform ation .

3. T ra n s ien t  tran sform ation  o f  a crop species u s ing  recom binant viruses.

4. T ra n s ien t  tran sform ation  o f  a plant species that is grown hydroponically .

I. S T A B L E  N U C L E A R  T R A N S F O R M A T I O N :

T h e  most  c o m m o n  m eth o d s  is, nuclear transformation o f  a crop species ,  which  

produced all products  available in the market place today. This requires a method o f  

transferring the foreign g en es  into the plant cells,  usually using Agrohaclcrium 

tumefacicrvi or particle bombardment  in which the g en e s  are taken up and incorporated  

mto the host nuclear g e n e s  in a stable manner  

I . A G R O B A C T E R I U M  M E D I C A T E D  T R A N  F O R M A T I O N :

1 Isolat ion o f  desired gene

2 Insert ion o f  gen e  into a vector

3 Introducing  the vector  into host i c . transformation.

4  S e le c t io n  o f  transformed cells Agrobactcria.

Infect ing plants using transformed Agrobacteria

Induces  tu m or  or hoiry root  try the Ri plnsmids T - D N A  from Agrobaclerin  onto plant 

c h r o m o s o m e  (M a ry  ct al. 2 0 0 4 )



e x p l a n t

(Decapitated seedlings, cell, protoplast, leaf discs)

Addition of 

acetosyringone Wounding Agrobacteria

Co cultivation to allow infection

1 Antibiotics to kill bacteria 

(Carbenillicin, cefotaxime)

Transformed & non-transformed t issues

S e lec t ive  media to kill non  

Transformed t issue

(kanamvcin.  hygromvcin)  

Transformed tissue/callus

1
'I ransformed sh oo ts

I
R o o t e ^ s h o o t s  

Adult j>lnnts 

Seed



2. PARTICLE BOMBARDMENT:

Foreign DNA is coated wrth golden particles and bombarded against the target tissue.

Plant/Seedling

I

Explants

(Embryo, leaf, hypocotyls, meristem, cells, protoplast, callus)

Delivers-of DNA ^  Bombarding

Transformed cells/Tissues ^ Screening of
X  I transformed

cells

Direct shoot induction Emtjryo Shoot

Putative transformed plants

1 Testing of Tg plants using PCR 

Southern hybridization

TO seeds

T
Screening for transformed plants in the next generation

Tl seeds

Advantages:

I) When molecular farming performed in a crop species such as grains, the protein 

product is normally accumulated in the seed, which is then harvested in a dry state

and stored until processing can be accomplished, (Delaney' 2000)

E g.: Dry com seed has moisture content of approximately 11-15% and, at that level, 

the seed is metabolically inert. Thus, long-term no refrigerated storage of the seeds, if 

properly carried out can allow the protein to exist without degradation for at least 2 

years This seed can then be transported to its final destination without refrigeration



2) This system we can utilize large acreage with the lowest possible cost. Since crop

such as rice and com are grown throughout the world, the products have the 

potential to be produced near the target markets.

Disadvantages:

Some grains, such as com, have the potential to cross with native species

or food crops. There are technologies that will prevent out crossing eg: mechanical

detasseling or genetics-based male sterility. Such technology generally reduces the cost

advantage of the system due to higher manual labour requirements, lower yields, and 

less effective genetics

2.PLASTID TRANSFORMATION:

The laboratory' of Ilentry Daniel I at the university of Central Florida has put 

emphasis on plastid transformation for the purpose of molecular farming Svab first 

described a system for plastid transformation etal 1990,using tobacco. Tobacco appears 

to be the only species in which plastid transformation has been established as routine 

(Svab and Maliga 1993, Danielh cl al 2002).

Advantages:

1 There is no risk of trnnsgcnc being transmitted through pollen to plants.

2 Transgenes integrated into Ihc chloroplast genome show very high level of 

expression (up to 40% of the soluble protein in nil may be the recombinant

protein)

3 The transgene expression is not affected by gene silencing

4. Chloroplasts are better able to express bacterial genes than are nuclei.

5. The very high level of transgene expression ensures a high level of mortality of

the pest organism.
6 . Introduction of foreign gene into chloroplast giving on estimated 10,000 copies 

per cell So recombinant protein level reached maximum High gene copies and



no gone silencing i_e. low expression. Chloroplast can assemble and fold

complex foreign protein, so protein-processing problem get reduced. They are 
not maternally inherited.

Disadvantages:

1. Transformation frequencies are much lower than those for nuclear genes.

2. Prolonged selection procedures under high selection pressure are required for 

the recovery of transformants (Singh, 2004).

3 The method of transgene transfer into chloroplasts are limited, and they are 

either expensive or require regeneration from protoplasts

4 These transformation systems are far more successful with tobacco than with 

other plant species.

5 Products of transgenes ordinarily accumulate in green parts only. As with any 

fresh tissue molecular farming system protein stability overtime will change

even with refngeration 

0 Extraction and purification must be performed at very specific times following

harvest Tobacco is currently a highly regulated crop and is not edible Large

volume products and edible vaccines would not appear too feasible using this

centrifugation under vacuum 

Recombinant viruses

1 .DNA viruses

i. Cnulimo viruses.

ii, Gemini viruses.

2 RNA viruses

system

Iran

in the interstitial spaces The interstitial fluid can than be collected by



L Monopartite viruses Eg. TMV

Li. Multipartite viruses Eg. BMV

E.g. TMV vector TB2 containing foreign gene at 31 end that was the first

plant RNA viral vector able to spread systemically in whole plants (Donson et 
al 1991)

Advantages:

TMV can be readily manipulated genetically and the infection process is rapid. 

Small quantities of the target protein can be obtained within several weeks.

It s an ideal system for a large number of custom proteins that are needed in 

relatively small amounts.

Disadvantages:

1 Not suitable Tor any protein regulated in large (kg) quantities.

2. Product must be processed immediately as storage will cause degradation of 

the plant tissue Same, tobacco is a highly regulated crop 

4. STABLE TRANSFORMATION OF PLANT SPECIES THAT GROW 

HYDROPONICALLV:

In tins system, transgenic plants containing a gene coding for the target protein 

are grown hydroponically in a way that allows release of the desired product as a 

part of the root exudates into the hydroponics medium (Rashm2000)

Advantages:
Plants grown hydroponically in a green house setting ha\c reduced fears ol 

unintentional environmental release Purification of the desired product is 

considerably easier, since no tissue disruption is needed and the quantity of

contaminating proteins is low 

Disadvantages:
1. Purification not amenable to produce large (kg) quantities or any protein product 

2 Green house or hydroponics facilities arc relatively expensive to operate



Products produced
CARBOHYDRATES

Starch:

Starch is one of the components of plant cells. Tailor made starches with

reduced level of amylase or increased amount of starch have been developed in potato.

Starch precursors have been rerouted into the biosynthetic pathways of other storage 
carbohydrates.

1 Nonfructan storing tobacco and potato plants have been transformed with fructosyl 

transferase gene from bacillus suhtilis to accumulate fructan.

2 Tobacco plants have been transformed with the mannitol-1- phosphate 

dehydrogenase gene (mtl D) from E.coli. These transgenic synthesized more mannitol 

and were also tolerant to high salinity (Tarczvnki ct al, 1993)

3 Cvclodexrins from starch:J

One of the high \alue products that could be made from starch is the cyclodexirins 

These compounds are typically f>-7 or H membered ring comprising glucopyranosc will 

effectively solubilise hydrophomc pharmaceuticals such as steroids. In 1991 only one 

report of an attempt to produce cyclodexirins has been published

A bacterial cvclodexrins glycosyl traisferasc gene from Klchsiclla pneumoniae 

was fused lo a targeting sequence and placed under the control of the promotei from the 

patatin gene Pntntin is a protein that accumulates in potato tubers aid the promoter 

directs high level of expression in the tubers of Tg potatoes However, transformation 

of potatoes with this construct resulted 111 very little conversion (0 001-0.01%) of starch

to cyclodexrins
ft was concluded that the insoluble starch granules may have been inaccessible 

to the bacterial enzyme or that enzyme became trapped in the growing granule 

Whatever the reason, no subsequent attempts to produce this have appeared in this

literature

4. Polyfructans:



These compounds are soluble polymers of fructose that are synthesized and 
stored in the vacuole.

5.Trehalose:

It’s an additive in food processing, dehydration and flavour retention. Genes for 

trehalose synthesis from yeast and E.coli have already been introduced in to transgenic 

tobacco but the purpose of these experiments was to manipulate drought tolerance 

rather than to manufacture bulk quantities of sugar.

6 . Sucrose:

It is a disaccharide of linked glucose and fructose, is the most preferred 

sweetener, the key enzyme is sucrose synthesis is sucrose phosphatase (SPS). Over 

expression o f  SPS holds promise for achieving the goal of increased sucrose synthesis 

in plants. Maize SPS has been over expressed in tomato. In transgenic plant sucrose 

level increased with a concomitant reduction in starch.

LIPIDS

Monounsaturalcd fatty acid level in plants is desirable so that nutritional value 

of the oil is enhanced

1 Nutritional value of oil

Rat desalurase gene introduced 111 to tobacco plants, thc level of palmitoleic acid

(16:1) & oleic acid (IK 1) levels get increased (Graybum ct al, 1992)

2 Manufacture of detergents medium chain fntl> acids.

Thioesterase gene from California bay tree was incorporated into Arabidopsis

for lhe accumulation of medium chain 12-carbon fatly acd as storage lipids. (Voelker cr

al, 1992)

3. Production of first non-food product
Laurie acid is the raw material for the production of soaps, cosmetics, and

detergents Genetically engineered rapeseed variety (Laurical) modified to produce 

lauric add  ( . 2  0) used to make soaps, cosmetics, detergent The gene was from

Californian bay tree (seed)



This gene shut off fatty add synthesis after 12 carbons rather allow the add to grow 
ISC.

4. Modification of the degree of saturation:

y linolemc acid (GLA) is the first intermediate in the bioconversion of linoleic 

acid to arachidonic acid. GLA alleviates hyper cholesteromia and coronary heart 

disease, which is not produced in oil seed crops. This conversion is catalyzed by 

enzyme A6 desaturase and this enzyme cloned from Cyanobacterium synechocystis. 
Constitutive expressions of this gene in transgenic tobacco produce GLA Recently this 

gene cloned from filamentous fungi (Mortierlla alpina) and transferred to canola & 

tobacco. (Knutzen et al, 1998 Sayanova el al, 1997)

5 Product ion  o f  Industrial products.

H y d r o x y  fatty acid: Ricinoleic  acid used in the manufacturing o f  nylon,  paints,  

varnishes,  resins, lubricants &. cosmet ics .

S  T g  arabidopsis  express ing  castor oleate  hydroxylase gen e  accumulate  

ricinole ic  acid upto 1 7% o f  total lipid.

S  Similarly o lea te  12 deh ydrogen ase  desaturase gene  transfer from lAisqurella 

fcndlcri to Arabidopsis for the production o fhyd roxy la ted  fatty acid (Broun  

cl al 19 9 8 )

B10 D EGR A B LE PI .A ST IC S

One o f  the m ost  imaginat ive  exam ples  o f  molecular farming has been the attempt to

p roduce  b io d eg ra d a b le  plastics Polvhydroxybutyralc  (PI 113) is [lie h c s t - c h a ia c l c n /c d  

p o ly h yd roxy  a lk an n a lc  (I’ l l A )  and is found in intracellular inclusions o f  bacteria In 

Alcaligena eulmphm.pill) accum ulates  as a high molecular weight  polymer upto 80%  

o f  bacterial dry w e ig h t  Pathways  o f  PHD synthesis ,  the genes  for three enzym es  

invo lved  in the  p a th w a y  (phaA ,  phaB,  phaC g e n e s )  have t e e n  cloned from bacteria

I In initial experiment it was recognized that the first step of pathway, production 

of aceto acetyl -  CoA, occurs in cytoplasm of plant at the start of the pathway to 

isoprenoids Thus, only phaB and phaC encoding ocetoacetyl-coA reductase 

nnd phb synthase respectively were transformed into Arabidopsis without 

targeting sequences Microscopic observation of the Arabldopsi, leaves



indicated the formation of micro bodies of bioplastics accumulating in the 

cytosol nucleus and vacuole. However, the amount of bioplastic was relatively 

low (20 lOO^ig g 1 fresh weight) and the plants were severely stunted in growth. 

Subsequently, all three genes were transformed into Arbidopsis and targeted to 

chloroplast. In the first generation experiment each gene was separately fused to 

a sequence encoding the transit peptide plus N-terminal fragment of the Rubisco 

small subunit protein, and expression of each gene construct was directed by the 

CaMv35s promoter, each construct was transformed into separate Arabodopsis 
plant and brought together by series of sexual crosses between the individual 

transformants. In this case, the bioplastics accumulated as 0.2-0.7pxn granules 

in the plastids lo level uptoM% of plants dry weight and there was no 

observable effect on growth and fertility.

Increased phb production in Arabidopsis has been achieved using triple 

construct So that three genes are transformed into the plant in a single 

transformation event Rapid gas chromatography, mass spectrometry 

procedures used to screen a large number of Tg plants, permitting the selection 

of plants accumulating phb in the leaf chloroplasts to more than din of their 

fresh weight (4()%dryweighl) How ever, the high producing lines showed 

stunted growth and loss of fertility. Interestingly, the production of phb did not 

affect fatty acid accumulation or composition, but there was a significant impact 

on the levels of various organic acids, amino acids, sugars and sugar alcohols 

Some research has liecn focused on thc potential for the commercial production 

plastics in oil crops, effectively diverting the pool of ncctyl-coA away from fatty 

acid biosynthesis towards b.oplaslic production. A team from Monsanto used 

three genes from phb synthesis pathway from bacteria Rnlstonia cutropha and 

fused each one to a seed - specific promoter These were transferred in to a 

single, multigene vector, which was used to transform oil seed rape Phb was 

found to accumulate in mature nil seeds leucoplasts to level upto 7 7% or fresh

seed weight
H o w  ever apart from in ArahldopM , it has proved difficult to obtain very high 

le v e l ,  o f  PH B  in transgenic plants Recent work indicates that constitutive 

express ion  o f  the p-keto.htola.se gene is detrimenial to the efficient production



of PHB m some species and the use of inducible or developmental^ regulated

promoters to drive the PHB A  gene permitted some production o f  PHBs in 

tobacco & potato.

6. Another interesting direction taken by this research has been the production of 

bioplastics in cotton fibers. At the start of the work it was recognized that 

cotton fibers contain P-ketothiolase activity. Therefore, A.eutophus PH A B and 

PHB C genes were transferred into cotton by particle bombardment of seed axis 

meristems PhaB gene was driven by cotton fiber specific gene promoter, whilst 

PH A C was fused to 35s promoter. Clustering of small phb granules were found 

m the cytoplasm of the fiber cells. The thermal properties of fibers were found 

to be altered, indicative of enhanced insulation characteristics.

L im ita t ion s:

1 Phb is a highly crystalline polymer, which produces stiff and brittle plastics.

2 Pha copolymer made from long monomers has better physical properties like 

less crystalline and more flexible. Medium chain phaCl gene from 

Pseudomonas aeruginosa with a peroxisome targeting sequence from an oilseed 

rape r.ocilratc lyase The enzyme was targeted to leaf-type peroxisomes in 

light-grown plants and glvoxisomcs in dark-grown plants These accumulate 

phas m the glyoxisomes & peroxisomes and in vacuole to a level of dmg g-1 dry

weight

Vitamins & minerals:

Vitamin -  A deficiency cause colour blindness Rice is the staple food, which lacks 

Provit-A in the endosperm Immature endosperm capable of synlhcsi„ng the early 

intermediate Gernnyl geranyl diphosphate (GGDP) which ctm produce uncoloured 

carotene ‘Phyloeneby the expression of enzyme phytoene synthase. Synthesis of p- 

carotene requtres 3 additional enzymes: Phyloene desatura.se (phy). 4 - Carotene



desaturase (crtl), lycopene P-cyclase (ley). Agrobacterium mediated transformation in 

nee to induce entire p -  carotene biosynthetic pathway (Philomina, 2004).
Genes of lycopene synthesis added are,

1. Plant phytoene synthase gene -  Daffodil (Narcissus pseudouaricissus)
2. Bacterial Phytoene synthase -  Erwinia uredovora.

They were placed under the control of endosperm specific glutelin (Gtl) and the

constitutive promoter CaMV 35s. These 2 genes directed the formation of lycopene in 

plastids, the site o f  GGDP formation.

3. Lycopene 3 -cyclase - Daffodil (Narcissus pseudonaricissus) controlled by rice 

glutelin promoter resulted rice produce sufficient 3-carotene converted to Vit — A 

Phytoene synthase gene from Brassica napiis resulted in high carotenoids. Monsanto 

conducted this work to enhance carotenoid level of oil seeds i.e. of 3_carotene in seed 

of Canola

GGDP

^ Pin toene synthase (phy)

Daffodil

P H Y T O E N E

Erwrnia uredovora ^

Carotene desaturase(Crt 1)

L Y C O P E N E

r j.iffrwiii ^  lycopene |i- cyclasc(lyc)

P R O V I T -  A

I
- AV IT

G O L D E N  R IC E



Micronutrient:

Major micronutrient deficiency worldwide, is Fe deficiency cause anemia (24% of 
world population). Potiykus et al aimed to,

■ Increase Fe content with ferritin transgene from Phased* vulgaris

Reduce Phytase in cooked rice with a transgene for heat — stable phytase 
from Aspergillus fumigatus.

Increase resorption-enhancing effect from a transgene sulfur -  rich 

metallothionin like protein from rice.

■ Resulted in two-fold increase in Fe content& cystein -  25%.

Other protein pharmaceuticals:

1 Tnchosanthus

It is a component of tuber of the plant Trichosanthus kinlouii, which is used in 

Chinese medicine A ribosome inactivating protein TCS inhibits tumor growth and 

immune response may be useful as a treatment for HIV/AIDS. High levels of TCS 

accumulation (2% of total soluble protein 2 weeks after inoculation) have been 

achieved in Nicotiana hcthtimuma using viral RNA- based transfection system.

2.Glucocerebrosidasc

Gauchers disease is an inherited disorder in which glucoccrebroside (remove old 

and damaged red blood cells) accumulates in lysosomcs, due to a deficiency in the 

enzyme glucocerebrosidasc This disease cause swelling of spleen and li\er and sc\ere 

bone damage Currently drug developed from glucocerebrosidasc purified from human 

placentas Its one of the worlds expensive drug A process to produce 

glucocerebrosidase in Tobacco has recently been patented which will result in cheaper

glucocerebrosidase production

3.Human serum albumin
HAS used to treat burn and in liver cirrhosis HAS has been expressed in

tobacco and potato under the control of 35s promoter which was indistinguishable from 

the human protein.



1 * 7 3I •

4.Arginiii vasopression:

Attempts to express AVP in tobacco culture have proved unsuccessful due to 
protein insolubility and retarded cell growth.

Although active combinant proteins have been produced through molecular farming one

problem associated with production in plant systems is that these often give a relatively 
low product yield and recovery.

PROTEIN

Major strategies for the production of protein in plants:

1 The stable integration

2 Use of plant viruses as transient vectors

S ta b le  E x p e ss io n :

Transgene is regulated by strong, constitutive promoter (35s) most suitable for 

the bulk production of soluble proteins in leaves, although yields can be low using this 

approach Target gene expression and protein production lo specific tissue leads to 

higher yields of recombinant protein Vaccines are produced only to the parts of plants 

that are normaJly eaten Storage organs such as mixers, seeds are designed to maintain 

their biological integrity over long periods (weeks - years). Seeds are also great interest 

because of easy protein purification In tobacco seeds contain a simpler mixture ol 

protein and lipids with fewer phenolic compounds than do green leaves Tissue and 

intracellular targeting are brought together in the use of oleosins as \chicles foi protein

purification

P rote in  q u a l i ty  im p rovem en t:

1. Improvement in the nutritional quality of legumes storage protein.

Gene responsible for a methionine -  rid, protein was from Brazil nui (Her,holla,n 

exceha) seed protein Bra/,1 n„. 2S albumin, under .he promoter of Phascolin gene was 

introduced into tobacco, resulted in 30% increase in metheonine in Tg tobacco seed

(Al ten bach et al, 1989),



Expression and accumulation o f  some protein tested in Tg Arabidopsis, Rape 
seed, Soybean, French bean, potato.

Unfortunately’ this gene was found allergenic. (Nordlee et al, 1996). So, this is 

replaced by sunflower seed albumin under the control of the Pea vicilin gene promoter 

has been transferred to lupin and methionine content increased two fold.

a  Seed storage protein gene (Ama 1) isolated from Amaranthus. This gene has well -  

balanced amino acid composition. Tg potato contain 0.3% Ama 1 of total soluble 

protem (Chakraborty et al, 1998).

b. Soybean Glycinine gene introduced in to rice to increase protein and make it more 

digestible Important amino acids lysine, lacking in quantity of rice have been 

replenished

c Human milk encoding p -  casein gene expressed in Tg potato under the control of 

an auxin -  inducible promoter (Chong ct al, 1997). This finding opens a way for 

reconstruction of human milk proteins in plant foods

Proteins, Peptides, Vaccines:

Genetically engineered plants and plant viruses used to produce vaccines against human 

diseases ranging from tooth decay to life threatening infections such as bacterial

diarrhea, cholera & AIDS

I The neuropeptide (leu) enkephalin was produced in Hrassica napus as part of the seed 

storage protein 2s albumin liy -
I Using Viral vectors to produce chimeric coat protein in Tg plants (Turpen ct al.
1995) have described a method for engineering Hie capsid protein of TMV ns either

internal or C -  terminal fusion with peptides carrying epitopes derived from malarial 

sporozites Both types fusion constructs yielded high titers of genetically stable 

recombinant virus produced appropriate monoclonal anti-malarial antibodies in Infected

tobacco plants
. ^ ii 7Pt nrotein with TMV capsid protein ZP3 protein of2 Fusing the Zonapellucida ZP3 protein »

. . mrceted Mice immunized with the recombinant TMV
mammalian oocyte has been targeie .

.. *• . w ,  7P1 tReachv ct al, 1996). Theoretically, vaccinesparticles developed antibodies agamst ZP3 (Beacny



with the modified viral coa! protem righ t work as a form of birth control, because 

antibodies to ZonapeUucida could prevent fertilization of egg.

3.Deriving the epitope from HIV which nrp ir .c1 are expressed in alfalfa mosaic virus coat
protein fusion products (Yusibov et al, 1997)

4.Engineer cowpea mosaic virus (CMV) as an expression system for the production of 

foreign peptides such as epitope derived from human rhinovirusl4 and HIV.

The modified plant viruses elicit the production of mouse antibodies that 

neutralize virus in Test tube experiments. It indicates the possibility of producing a 

preventive HIV vaccine Fusion coat protein may represent a cost effective way of 

generating vaccines

Classes O f Proteins in Molecular Farming:

1 Parental therapeutics & pharmaceutical intermediates.

2 Industrial proteins (eg Enzymes)

3 Monoclonal antibodies (Mabs)

4 Antigens for edible \accmes

1.P a ren ta l  therap eu tics  and P harm aceutica l in term ediates:

It includes all proteins used directly as pharmaceuticals along with those proteins used 

m making of pharmaceuticals List of proteins include, thrombin, collagen

(therapeutics) trypsin, aprolinin (intermediates)

E g. Hirudin
It ts a small anticoagulant peptide found in salivary glands of medicinal leech 

midicinalls. Hirudin is .he most potent inhibitor of thrombin (senne pretense catalyze 

blood clotting) II has high therapeutic value in the treatment of thrombosis 

Recombinant hirudin was fused with 31 end of a gene with its own

promoter transferred to llrasstca napiis.
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2. Industrial proteins:

The global industrial enzyme market has been estimated to be worth something 
approaching SUS 2 billion per annum.

1. Avidm (from chicken) and 2 . P-glucuronidase (from E.coli) both of which were 
produced in maize.

Prodi Gen- Inc is the company is leading the race to large-scale production of plant 

derived Tg enzymes for commercial use.

3 Trypsin. Proteohtic enzyme largely produced by Prodi Gene Inc and aimed to 

produce Kg quantities of protein from plant sources.

4 Phytase: Useful enzyme that release phosphate

When Tg plants expressing phytase E.g Seeds added to pigs & poultry diet 

increased the production of phosphate and phosphate excretion is reduced.

3. Antibodies/ plantibodies:

It includes all antibody forms (Ig) and antibody fragment (Fv). They can be produced 

m plants in both glycosylated & non-glycosylatcd forms. Plant derived MAbs have the 

potential of alleviating the serious production bottleneck that currently exist 

Eg a -  canes for prevention of dental decay, a -herpes transmission

Immunoglobulins are composed of two heavy- chain and two light chains H chain

termed -  a, o. r., y, & ji L chain termed -  k or But not mix of two

Each antibody has two antigen binding sites formed from the variable regions of the

light and h e a v y  chains

The variable regions of thc light and heavy chains arc solely responsible for antigen 

binding can be produced Single chain variable fragment ant.lxvd.es are produced from

synthetic genes made by fusing the sequence

Eg scFv antibodies are most commonly used and its successful.

First example of a functional antibody (IgOI) being produced in plan, was reported in 

1989
Tire construction of this antibody was a Iwo-slep process.

■ u linos were produced One contained the gene Tor y-chainI step: T w o  separate tobacco lines were prou«.

and other contained the gene for the k - light chain



2jtep: Cross these plants to generate progeny that expressed both these genes.

The FI progeny expressing both chains 1.3% of the total leaf protein. Produce the

various antibody subunits in different plant lines that are subsequently crossed to 
produce a functional antibody.

E.g. A secretory IgA that protects against dental caries produced by Streptococcus 
mutants has been expressed in plants. The antibody recognizes the native streptococcal 

antigen (SA) cell surface adhesion molecule, by there preventing colonization up to 4 

months.

4 .  E d i b l e  V a c c i n e s

B o t h  s tab le  and transient express ion systems have been used to produce vaccines in 

plants. O n e  o f  the first attempts in the area used a transient expression sy s tem  (Chaw la. 

R e c o m b in a n t  co w  pea m osa ic  virus (cpmv)  w as used as a vector for a linear epitope  

from  the  V P 2  capsid protein o f  mink enteritis virus (M E V ) .  T h e s e  virus replicated in 

Vigna ungiculatu isolated and used for subcutaneous injection o f  mink. This induces  

res is tance  to  clinical infection by M E V

T h e  ideal product ion  sys tem  for edible vaccines  in plants that could be eaten raw. such 

.is Banana,  T o m a t o  l or animals fodder crops and other food  crops is possible

O n e  o f  Ihc draw backs  o f  edible vaccine is that very difficult to control  Ihc dose  

adm in is tered  i f  consum pt ion  as a part o f  fo o d s tu f f  is the m ean  o f  delivery. Charles 

A r n t / e n .  190ft o f  T e x a s  A & M  University  one  o f  the main light in this field, believes  that 

they  s h o u ld  be  cons idered  vaccines  that c o m e  from a plant source  His group produce  

v a cc in es  in T o m a t o ,  but they  are partially processed s o  that food based tablets

con ta in in g  a k n o w n  d o s e  o f  vacc ines  can Ire produced.



Phytoremediation

All commercial and research activity to dale in phytoremediation has used 

naturally occurring plant species. However, many of these are species that can be 

genetically engineered, including Brassica juncea, which is being investigated for 

phytoremediation of heavy metals from soils (Dushenkov et al., 1995), sunflower- 

Helianthus annuus, being tested for rhizofiltration of uranium (Dushenkov et al., 1995) 

and poplar trees (Populus deltoides nigra), being investigated for the accumulation of 

nitrates and other organic chemicals from soil (Schnoor et al., 1995). In general any 

dicotyledonous plant species can be genetically engineered using the Agrobacterium 

vector system, while most monocotyledonous plants can be transformed using particle 

gun or electroporation techniques.

G en et ic  en g ineer in g  might be used to improve heavy metal phytoremediation by 

introducing b ioch em ica l  traits that enhance hyper accumulation.  Examples  might  

mciude g e n e s  contro l l ing  the synthesis  o f  peptides that sequester  metals, like 

phytochelat ins  ( e g .  the Arabidopsis  cadi  gene  o f  H ow den  et al. 1995) ,  genes  encoding  

transport prote ins ,  such  as thc Arabidopsis  IRT1 gene that encodes  a protein that 

regulates the uptake  o f  iron and other metals (Eide et al 1996)  or genes  encoding  

e n zy m es  that c h a n g e  the ox idat ion  s late o f  heavy metals, like the bacterial mcrA gen e  

e n co d in g  m ercuric  o x i d e  reductase  (Rugli  el al 1996).N -/

P R O D U C T S  O N  M A R K E T

1. A v id in :  G ly c o p r o te in  found in avian, reptiles and amphibian e g g  white  It's

used  primarily as a d iagnost ic  reagent Thc avidin in e g g  is relatively expens ive

due to the cost of maintaining live animals. Production of Tg com with

transformed avidin gene resulted avidin had properlies almost identical lo those

o f  avidin from chicken egg white (pi, Kl, antigenic properlies -  identical both

glycosylated ) The size of com-dcrived avidin was slightly less due to less

complex glycosylated composition Com derived avidin expressed levels over

20% of total soluble protein have been observed Processing methods were



developed to extract and purify this novel compound from Tg com. (Kusnadi et 

al, 1998). This product is currently being sold by Sigma -  Aldrich.

1. p -  Glucuronidase: (GUS)

GUS is widely used as a visual marker in Tg research. It was first reported to be 

produced in Tg com (Kusnadi et al, 1998). Properties were compared with GUS 

extracted from E.coli. The molecular weight, KI, pi, KM — identical V max- similar in 

both cases. The sequences of the two genes were similar, with the exception of the 

most N -  terminal ammo acid. Com derived GUS has been marketed by Sigma -  

Aldrich.

3. Trypsin: First large scale protein produced from Tg plant technology has a 

significant market potential than Avidin & GUS.

Trypsin is a protease used in the processing and some biopharmaceuticals. 

Availability of maize derived bovine trypsin helps to supply the growing market for 

animal free reagent 

Maize derived trypsin specific activity -  175 U/ mg of protein

Bovine -  Pancreas derived Irypsin -  IM il l /  nig of protein 

PRODUCTS CLOSE TO MARKET

Besides the 3 products described above, there are at least 9 products arc to be close

to  reaching co m m e r c ia l  market within next 5 years.
1. Aprotinin: Protein that inhibits serine prolease, which suppress the systemic

j  • Rprombinnnt bovine nprotinin from Tg cominflammatory response during surgery. Kecomomam »



seed was first repoted by (Zhong et al, 1999) using particle bombardment -  0.068%TSP
Through Agrobacterium -  8.9% TSP.

2. Collagen. It is a structural protein currently rendered from hooves and connective 

tissues o f  animals. Vast quantities of collagen are consumed in the form of 

gelatin . Collagen used in areas of arterial sealants, drug discovery. Gelatin used 

m the stabilization and delivery of vaccines and drugs in capsules, soft gels, and 

plasma expanders. The first report of human collagen produced in plants was by' 

Ruggiero et al 2000 through agrobacteria mediated transformation in tobacco.

3. H u m a n  gastr ic  lipase:

It s a protein in vo lved  in the condit ion kn ow n  as exocrine pancreatic insufficiency’ 

(EPI).  A b s e n c e  o f  this resulted in the inability to digest food lipids. T h e  product ion  

o f  canine  g a s t n c  l ipase produced  in T g  tobacco  has been reported.

4 H um an  la c to fe n n  Is a natural defense  iron -  binding milk protein that purportedly  

p o s s e s s e s  antibacterial , anti fungal, antiviral, anli-inilammatory' properties.  

Lactoferin  pharmaceutical  produced in Aspergillus sp was first reported in tobacco  

su sp en s io n  cells  by (Mitra  & Zhang 1994).

C o m p a n ie s  in vo lved  in m olecu lar  farming:

C om pany

M e n s t e m  therapeutics

C rop tech

Plant Genix

Large  sca le  b io lo g y

M o n s a n t o  Pr T e c h

S e m B i o  sys

Medicago 

Ventria 

Epicyte Pharmaceutical 

PlanetTBiotechnology

Location

Clermont-Ferrand

Charleston,S C 

Philadelphia,Pa  

Vacaville,  Cabf

St Louis Mo

Calgary,Canada

Quebec city,Canada 

Sacramento,Calif

Sanlhego, Calif 

Hayward, Calif

Crop

M aize

T o b a c c o

Various

T o b a c c o

Maize

Saftlower

Alfalfa

Rice

Mnize

Tobacco
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Success stories

Human epidermal growth hormone used for wound repair is produced @ 0.01% 

of plants total soluble protein, giving a lAc crop of tobacco estimated value of 

$175000. Human protein Anticoagulant is produced @ 0.01% TSP with the estimated 

value o f  $2,000,000 per Ac. Human serum albumin used as a intravenous protein 

@0.02% could provide $2 ,000,000 worth product.

Disadvantages:

•Require keen skill

•Expression of proteins quality is low

•Non preference

Safeguards

Make them different looking:

•Bioluminescence -  Firefly lucifcrase &. Green fluorescent protein.

•No destruction of plant tissues & no use of substrate.

•Biopharmaceutical companies using purple, blue, black mai/e breeds.

•Cross contamination seen easily.

Terminator gene technology: Monsanto

•Beneficial in stopping contamination of food crops in open field.

•Stop gene transfers because hybridization relics on fertile gametes.

•Production is suppressed by this gene

•Reversible nuclear genetic system 

•Male sterility

Reporter genes 

•Easy to test contamination 

■Lack o f  easily visible signs.

•DNA barcoding.



Human health & environmental im pacts:

Compounds from plants developed for molecular farming may have

physiological effects on humans other organisms. Workers or bystanders acc,dentally

eat or contact with plants during production. Livestock and wild life accidentally

eating plants during field production. Pollen movement to the same or related species

(Bhatia, 2003). Unintentional introduction of the plant materials into food or livestock 
feed supply chains.

Constrains in molecular farming:

Larger iso la t ion  d is tan ce  than required for other PN Ts Additionally toxicity  & 

allergem city  m s o m e  cases .  Careful disposal and destruction o f  all residual plant 

material Just o n e  m istak e  by a biotech company and w e  will be eating other peoples  

prescription  drugs  in our food  or c o m  flakes.

Future research:

One o f  the keys to success m the future will undoubtedly be the level o f  

expression o f  thc recombinant protein in plants. This is one o f  the most important 

aspects with regard to econom ics The expression level affects the cost o f  growing, 

processing, extraction, purification and waste disposal It is clear that there will be a 

drive towards higher level o f  expression and there is much nxirc room for improvement

compared to other establishing systems (Mom ct al, 2004)

Expression o f  protein action is also a regulatory concern Whether or not thc

protein is m  s p e c if ic  t issue  will enable or nullify exposure to the environment There  

has already b een  w nrk to  s h o w  that expression can lie limited to specif ic  tissues, thus 

reducing the  regu lating  c o n cern s  A s an example, keeping the protein out o f  pollen can  

red u ce  inadvertent e x p o s u r e  to the environment



IP
Conclusion

There is no question that plant molpmiar fn •uom piani molecular farming is startmg to  co m e  into its

own as a viable new industry. Important questions concerning the glycosylatron,

im m u n og en jc ity ,  accum ulation , and stability o f  the transproteins are being answered.

A cadem ic laboratories have been instrumental in elucidating much o f  the science

behind th e  potentia l  products  and will continue to  do so. H o w e v e r ,  the marketing and

delivery  o f  com m erc ia l  products  will necessarily fall to industry. A s  with any n ew

industry, there h a v e  been hurdles to overcom e, both technical and regulatory-. H ow ever ,

the e x p e r ie n c e  to date has taught us much and the industry is n o w  poised for rapid 

g r o w th  and profitability.
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1. What is the difference between normal farming and molecular farming?

Here crops are genetically engineered for a specific purpose and cultivated in a large 

scale in molecular farming. The use of normal plant products is not being altered. 

The isolation distance required for molecular farmed crops are more. It requires

>800m, in UK government put strict rules to keep isolation distance 7km No 

contamination happens >3.5 km by insect, bird, wind.

2. What does protein trafficking mean?

T h e  prote in  p ro d u ced  m o v e  through the endoplasmic reticulum and G olgi apparatus  

for p r o c e s s in g ,  fo ld ing  and g lycosylation  

3 W hy g e n e  s i len c in g  is lo w  in chloroplast engineering?

a. In tran sp la s tom ics  transgene integration is normally through h o m o lo g o u s  

recom bination ,  

b C h lo ro p la s ts  con ta in  prokaryotic  genom e,  

c H igh  c o p y  num ber is integrated i.e 10 ,000  copies /cell.

4. A ny  to x ic  e f fe c t s  by using m olecular farmed products in humans?

For the im p r o v e m e n t  in the nutritional quality o f  legumes storage  protein.

G e n e  resp o n s ib le  for a m ethionine -  rich protein was from Brazil nut seed  protein  

Brazil nut 2 S  albumin under the promoter o f  Phaseolin g en e  w as  introduced mlo  

to b a c c o  R esu lted  in 30%  increase in metheonine in T g tob acco  seed  Unfortunately  

this g e n e  w a s  found allergenic  S o .  this is replaced by sunflow er seed  albumin under  

the co n tro l  o f  the Pea  vicilm gen e  promoter has been transferred to lupin and

m eth io n in e  c o n ten t  increased  tw o  fold 

5 W hich  area y o u  prefer for molecular farming?

Industrial area, Plantibodies

6. A n y  specia l labels for the m olecular farmed products?

In the  p r o d u c t  b o tt le s  it is to be written as expressed in c o m  For eg. - M atze derived

trypsin
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Plant molecular farming is a new and promising industry involving plant 

biotechnology. The plant systems are used as bioreactors or biofactories for the 

production o f proteins, pharmaceuticals and industrial compounds.

The estimated global area of transgenic crops in 2001 is 52.6 million hectares 

(James, 2003). A scant 15 years after first report of stable transformed plant, the use of 

transgenic plants to produce foreign protein with economic value was being realized. 

Although transgenic animals, bacteria and fungi are also utilized for the production of 

protein, plants are giving the highest economic benefit (Horn et.al., 2004).

There are currently four methods of protein production from plants. In 

Agrobacterium mediated transformation the product can be stored with out refrigeration 

for long-term Plastid transformation is the fresh tissue molecular farming system. The 

protem stability over time will change even with refrigeration.

The transient transformation of crops by viruses and stable transformation of 

plant species that are grown hydroponicallv are also practiced. The three protein

products Avidin, P- glucuronidase, Trypsin are already in market and few are expected 

to come within five years Vitamins and minerals, which alleviate vitamin A and iron 

deficiency, were incorporated in golden rice successfully (Philomina, 2004). Many ol 

the industrial enzvme products are made through molecular farming. Plants also serve 

as a source for the production of biodegradable plastics, edible vaccines and

phyloremediation purposes
The possibilities of genetically engineered crops out crossing with other crop

culhvars o f modern n(!r,cullurc. traditional land races, wild, weedy, related species and

consequent gene How have emerged as a reality based on scientific data (Bhatia and

Mitra. 2003) We would also like to sec Ihc companies which use purple maize as an

„ '.m.iiri crrvc ns an easy’ visual marker for any cross extra precaution, as this would serve os

contamination.
It has been estimated lhat the cost of producing immunoglobulin in alfalfa, in a

250 m2 green house, ts $US 500- «KVg compared with the figure of SUS 5000/g To. a

hybridoma produced antibody Tobacco is .be high*, exploited crop in molecular 

farming because i. possess little risk In .he environmen, nnd can he grown in some of



the poorest countries o f  the world Banana tn m ^ n j ,a, tomato and potato are mostly utilized for
the production of edible vaccines.

One o f  the keys to success in future will undoubtedly be the level o f expression

of the recombinant protein in plants. This is the one of the most important aspects with

regard to economics. The expression level affects the cost of growing, processing,

extraction, purification and waste disposal. Clearly there will be a drive towards higher

levels o f  expression and there is much more room for improvement compared to other 

established systems.
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ABSTRACT

THe complete sequencing of the entire human genome by Human Genome 

Project has created a new level o f opportunity in medical research. Pharmacogenomics is a 

science that examines the inherited variations in genes, that dictate drug response and 

explores the way these variations can be used to predict whether a patient will have a good 

response to a drug, a bad response to a drug or no response at all. The term 

pharmacogenomics originated from the two words pharmacology and genomics and is thus 

the intersection of pharmaceuticals and genetics.

Adverse drug reactions have been ranked as the fifth leading cause o f death in the

United States It is estimated that 1,00,000 Americans die annually from adverse drug

reactions (Adithan, 2002) In cancer therapy o f acute lymphocytic leukemia, administration o f 

drugs such as 6-mercaptopurmes and O-thioguamne can cause severe haematological toxicity 

or even death in patients possessing non functional variants o f thiopurine methyl 

transferase There are more than tlnrtv families o f drug metabolizing enzymes in human All 

have genetic variants, many o f which translate in to functional changes in the protein 

encoded An inter individual difference in drug response is due to sequence variants in genes 

encoding these proteins (Evans and Helling. 1000) Hie most common variations in the 

human genome are called single nucleotide polymorphism(SNP). It is estimated to be 

approximately 1 4 m illion S N H s  in the human population, with an average o f one in every

13.000 bases (Sachidanandan cl a l  . 2001)

The vision o f pharmacogenomics encompasses genetic profile for each individual 

containing sufficient information to select which drug arc most likely to be safe and effective 

m that person Genetic testing is commonly done by PCR. RFLP and Southern blotting It is 

based on experimenting on a single gene I f  one has to analyze a gene having 00 alleles then

he has to do 00 separate experiments, which is time consuming Newer technology like DNA

. . rm n simile chip so that thousands o f genes
microarray promises to monitor the whole genome on . g

can be analyzed simultaneously (Joseph cl a l , 2002)
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significantly

,e able to analyze a patient's genetic profile and ^  drUgS’

nning. It is anticipated that an increased a r  PreSCnbe ***  aVaflable drUg

"prove the quality of future drugs in tennsP f T ” ° f Phannacogenomics 511311 
This will reduce the extent of their adverse d m , r ; °  ^  e£BCaCy a” d Safety profile

0f dnjEs. “ "ill also lead to better natient 
contphance and accurate monitoring of,he appropriate drug dosages.
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•me 20th cenftny has brought us a broad arstmal of therapies against all 

major diseases: infections, cardiovascular disease, neurological disorders, and 

menial disorders. However, drug therapy often fails to be curative and may in fact 

cause substantia] adverse effects. Moreover, worldwide use of these drugs has 

revealed substantial interindividual differences in therapeutic response. Any given 

drug can be therapeutic in some individuals but ineffective in others, and some 

individuals experience adverse drug effects whereas others are unaffected.

Recognition of interindividual differences in drug response is an 

essential step towards optimizing therapy. Over the past decades, much evidence 

has emerged indicating that a substantial portion of variability in drug response is 

genetically determined, with a g e .  nutrition, health status, environmental exposure, 

and concurrent therapy p l a v i n g  important contributory roles. To achieve 

individual drug therapy w i t h  a  r e a s o n a b l y  predictive outcome, one must further 

account for different p a t t e r n s  o f  drug response among geographically and 

ethnically distinct populations

The observations of lughlv variable drug response, which began in the 

early 1950s. led to the birth of a new scientific discipline arising from the 

confluence of genetics, biochemistry, and pharmacology called pharmacogenetics, 

it focuses on drug response as a function of genetic diflerenccs among 

individuals Applied to nonthcrapeutic foreign substances (xcnobiotics). the

equivalent term "toxicogenetics" is used

Human Genome Project

Two groups, .he human genome consortium ami Celera

genomics announced successful completion of Ihe sequencing 

genome by human genome project jointly. This was the first droll
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gen o «  sequence. Human genome contains 3.5 billion base pairs. It contains 23 

pan3 o f chromosome with 44 autosomes and two sex chromosomes The total 

number of gene estimated is 30,000. The average size of gene consists of 3000 

bases, but size varies greatly. Largest known human gene is dystrophin. It has 2.4 

nation bases. Almost 99.9 percent nucleotide bases are exactly same in all 

people. Function are unknown for 50 percent of discovered gene. Less than 2 

percent of the genome codes for protein. Junk DNA make up 50 percent of the 

human genome. Repetitive sequences are thought to have no direct function. 

These repeats reshape the genome by rearranging it.

The complete sequencing of the entire human genome by human 

genome project has created a new level of opportunity in medical research. 

Pharmacogenomics is the study of how an individual's genetic inheritance affects 

the body’s response to a drug The term comes from the words pharmacology and 

genomics and is thus the intersection of pharmaceuticals and genetics.

Genomics is t h e  study o f  how genes and genetic information's are 

organized within g e n o m e  and how this organization determines their functions 

(Singh, 2005) Cell is the b a s i c  .tructural unit of living things. Each cell typically 

contains an entire copy o f  o r g a n i s m ’s genome Chromosomes are structures in 

which DNA and hence g e n e s  are housed Chromosome is a long strand of the

DNA double helix where bases are paired

Mutations in Genome

\

One in every 1200 bases may be different in any human (David cr at.. 
2005) A change in single Base pair will alter amino acid sequence of the 

corresponding protein Tins polym orphic is responsible for difference between

how human respond to drug

a
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1. Missense Mutation.

In Missense mutation a nucleotide substitution changes a codon so that it codes 

for a different amino acid in the protein. The change may be harmful or beneficial 

to the protein.

2. Silent mutation

In silent m u ta t io n  there  is a substitution  in the third location o f  m R N A  codon.  

The resulting n e w  c o d o n  may still c o d e  for the sam e amino acid because the 

genetic  c o d e  is d e g e n e r a te

3. N o n s e n s e  m utation

A n o n se n se  m u ta t io n  is sa m e  as m issense  mutation except the

resulting c o d o n  c o d e s  for a stop  signal T he result is premature

termination o f  translation & p r o d i i L t u m  ol non functional protein.

4. Frame shift mutation

Frame shift m u ta t ion  is ca u sed  In insertion or deletion o f  a base pair This will 

shift the reading frame so  that all nucleotide  d o w n  stream from thc point o f

m utation will be im p rop er ly  g ro u p ed

Drugs

any substance that con be used lo .rea. on illness (Mohammed. 1993). The 
. . . .  . . .   i iimno which means dry since in the



m  .r  a* t o w  M i  p t a m n i . j ,  m m l
a d u la te  the target effectively, 

iipquireingnts of Drugs.

1. Potency-Drug should be able to modulate target effectively

2 . solubility- Drug should be easily soluble in water for quicker Action

3 . Lipophilicity- milder lipophilicity is required to penetrate plasma

membrane.

4. Bioavailability- the term bioavailability is used to refer to the proportion 

of administered drug that has reached the circulation and that is available to have 

an effect.

5. Protein Binding -  The specific protein binding is important. Non specific

binding is undesirable

6. T o x i c i t y  -  sh o u ld  be  less  to x ic

7. Metabolic stability -  should not get destroyed quickly inside the body.A

long shelf life is also desirable

ADMET Properties of Drug.

•  A b so rp tion

• D istr ibution

• M e ta b o l ism

•  E xcret ion

• Toxicity

The tern is used m pharmaceutical research where the ADMET 

properties of new potential drugs describes how the drug is taken up, distri 

within and eventually excreted from the body i.e the pharmacokinetics, (Dandiyo 

and Kulkarni, 1905) Toxicity refers to possible damage a drug or c 

compound may cause a person taking or being exposed to tl



pwrig Absorption

Drug absorption is the absorption o f  drug from the site of administration to 

the circulatory system  Four major type o f drug absorption are there.

I. Passive diffusion

Passive diffusion is most important and most common. If the drug present in the 

gastrointestinal tract in a greater concentration than that is in blood stream, then a 

concentration gradient is said to exist. Presence of concentration gradient will 

carry the drug through cell membrane into circulation.

Fascilated diffusion

Drug is transported across the cell membrane by combining with a carrier 

molecule

3 Active transport

This process work against the concentration gradient and energy to be expanded

4 Pmocytosis

Pinocytosis involves the cell membrane imagination and engulfing a lluid filled 

vesicle or sac

Factors affecting drug  absorption

I- Surface area

The rate o f dug absorption is greatest in the small intestine due to the larg

flrea provided bv the villi



The pH o f  the gastrointestinal tract varies along its length. The change in

environmental pH  may have different effects on different drugs. Optimal 

absorption of a drug may be dependent on a specific pH

3 Blood flow

The small intestine has a very good blood supply which is the one reason why 

most of absorption occurs in this part of the gut.

4 Presence of food and fluid in the gastrointestinal tract.

The presence of food in the gut may selectively increase or decrease drug 

absorption For c Food increases the absorption of dicoumarol. while 

tetracycline absorption is reduced bv the presence of dairy food

5 Drug composition

Various factors pertaining to the composition of the drug ma> affect the rate at 

which it is absorbed for example Liquid preparations are more rapidly absorbed 

than solid ones, the presence of enteric coaling max rapidly absorbed.

u



p f m t r ihution

Drug is distributed through blood and organs such as hear, Uver 

ktdney and bram recetve most o f the drug during the firs, m „lK ^  

absorption. These organs are highly vascular and acquire the drug very quickly 

Level of drug m the bone, muscle, skin and adipose may take sometime to rise 

due to reduced vascularity. The patient’s level of activity and local tissue 

temperature may also affect drug distribution to the skin and muscles. Binding to 

plasma membrane influences a drug s distribution because only unbound drug 

may passively diffuse from plasma into tissue. Drugs may accumulate in muscle 

adipose, bone, stomach, intestine, etc these tissues may represent sizable drug 

reservoirs, if drug binding to tissue is reversible. This has effect on drug 

availability Fat tissue act as storage site for lipid soluble drugs.

Metabolism

Drug metabolism or biotransformation refers to the process of 

modifying or altering the chemical composition of the drug. Most of the drug 

metabolism occurs in the h\er where hepatic enzymes catalyze various 

biochemical reactions Metabolic products are often less active than parent drug 

and may even be inactive Mow ever some biotransformation products have 

enhanced activitv or toxic properties including mutagenicity, (induce heritable 

alteration of DNA) l e r a t o g e n e c i t v ,  (production of birth defects) and 

carcinogenicity (cause cellular transformations)

Excretion

Kidney - Because the d r u g s  are small particles, lhc> are filtered i 

kidney and then reabsorbed into blood stream Hie process of p 

biotransformation results in conversion of fat-soluble into waters 

metabolites that are poorly reabsorbed once they filtered into rennl tubule.

passed out through urine



Lungs - highly volatile agents such as anesthetics win u
cs be excreted through

lungs.

Liver - some drug and drug melabolite is excreted into bile and it enters 

the duodenum via bile duct and move through small intestine. If not reabsorbed by 

intestine, are excreted from the body through the body through feces

perspective of pharmacogenomics

Pharmacogenomics is a science that examines the inherited variations 

in genes that dictate drug response and explores the ways this variation can be 

used to predict whether a patient will have a good response to a drug, a bad 

response to a drug or no response at all

B io lo g is t s  have long accepted that the capacity of 

organism to respond differently  lo their environment is genetically determined 

Investigations into human p h v o o l o g v  and chemistry during the mid 19th centaury 

accelerated hr. the e m e r g e n c e  <>l organic chemistry, established that ingested 

chemicals are excreted in a different form In 1902 two separate investigators 

Hucien Cuenot and A rchibald  Garrod discovered the connection between 

enzymes and genes Garrud's vvoil. on  Alcaplonuria constituted the lirst proof of 

Mendelian genetics in human As a result of these studies, he ad\anced the 

hypothesis that geneticnllv determined dillerences in biochemical process could 

be the cause of adverse rcac lion. alter ingestion ol drugs (Smith it at. 2001), ,

More than 2SOO venrs ago Pvthngorus observed that ingestion orfaba

bean caused disease in some, but not all people who ate it. It 1°°^ man> -N 

study to pinpoint the cause of the adverse reaction that Pythagorus had observed

Haemocyclic anemia in those individuals who were deficient in g 

Phosphate dehydrogenare ( Mnjer cl a t . I ̂ ’5) This is probably one of 

recorded instances o f metabolic genetic polymorphism
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Adverse drug reactions have been ranked as the fifth reading cause 

Of death m the United Stated (Adilhan, 2002). It is estinuled that 1,00,000 

American die annually from adverse drug reactions (ADRs). Any given drug 

be therapeutic in some individuals, but ineffective in others and some individuals 

experience adverse drug effects where as others are unaffected. Each drug after it 

enters the body interacts with many proteins such as carrier proteins, transporters, 

metabolizing enzymes and multiple types of receptors. An inter individual 

difference in drug response are due to sequence variations in genes encoding these 

proteins ( Evans and Relling, 1999). The most common variations in the human 

genome are called single nucleotide polymorphism (SNP). It is estimated to be 

approximately 1 4 million SNPs in the human population, with an average of one 

in everv 13000 bases (Sachidanandan cl al., 2001).

Drug response also depends upon cause, severity, patient's age. 

dru<' interaction, sex. organ lunction. life style (smoking, alcohol consumption).
smJ

environmental factors dc

Case studies

In the chemotherapy lrcalmc.il of a common childhood leukemia
i i■ .r,iinn Thim-mrine melhvl transference convertsmercaptopurines are used as medication Miopiirinc me uni

innfi,.„ metabolite called melhvlmercaptopuriiics. A mercaptopurines into an inactive nicta
. ....... . variants that prevent them Irom

small percentage of persons have g
r r m,c nrntem As a result thiopurincs elevate to toxic

producing an active form of this \
levels in the pal.cn, because lhc tnachvc fn.m ol'TPMT. ts unable ,o break doun

lhe drug Todav . doctors cn use a gcncttc ,cs, ,o screen pahen.s genchc profile for
, . ,  r p . |T 1c|ivliv is momlorcd lo determine appropriate

this deficiency and the TPM I <c

thiopurine dosage level ( Pistoi. 2d02) /
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Durmg 2 world war Primaquine haemolysis was much more 

common among Afhcan-American soldiers in the United States army who were 

taken antimalanal Primaquine. Subsequent study in the postwar period revealed

dm  the cause of this drug induced haemolysis was a genetic deficiency of glucose 

6 phosphate dehydrogenase ( Carson et al., 1956). y

In 1950 doctors noticed that some patients suffered prolonged 

respiratory apnea ( difficulty in breathing ) after being treated with 

succinylcholine. This syndrome was found to be caused by mutations in gene for 

the enzyme butrylcholine estrase. Normally butrylcholine estrase in the blood 

degrades succinylcholine and the anesthetic effects of the drug wear off with time. 

But in patients with mutations that inacti\e or weaken butrylcholine estrase. the 

anesthetics persist in the body causing the dangerous side effects.

Isomazid is an anlituberculosis drug. N acetyl transferase is an 

enzyme metabolizing this drug and the gene coding for this enzyme is ( nat2 ) 

These are mans polymorphic alleles of the nat2 gene with reduced or accelerated

ability to inactivate the drug isonia/id Some individuals de\eloped peripheral*

neuropathy in reaction this drug (Jones cl a l . ll>54). Some alleles of the nat2 gene 

are also associated with susceptibility to various forms of cancer.

D ru g m eta b o lism

There are more than thirty families of drug metabolizing enzymes 

humans (Oscarson „  al .i ™ )  The cy.ochromc P450 (CYP) M y  of liver

wmes is responsible for breaking down more .ban 30 d.lTcren, classes of
c .1,01 rode for these enzvmes can influence their 

igs D N A  variations in genes that code lor
, i pec active or inactive forms or C YP enzymes 

lily to metabolize certain drugs - ,
, r i n and efficiently eliminate drugs from the body can it are unable to breakdown and ellicieni >

. Todiv researchers use genetic tests Tor
j s e  drug overdoses in patients



variations m cytochrome p4a0 genes to screen and monitor patients. In addition, 

pharmaceuttcal companies screen their chemical compounds to see how 

wen they are broken down by variant forms of CYP enzymes (Hodgson andV" 

Marshall, 1998). Genes codrng for CYP 450 system of enzymes are

CYP2D6,CYP3A4,CYP3A5,CYP1 A2.CYP2E1, CYP2C9,CYP2C19 etc The

field of pharmacogenomics began with a focus on drug metabolism, but it has 

been extended to encompass the full spectrum of drug disposition, including a 

growing list of transporters that influence drug absorption, distribution and 

excretion (McLeod and Evans, 2001 ). /

CYP 2D6

Patients who are homozygous for the CYP 2D6 null alleles exhibit poor 

metaboli/er phenotype with impaired degradation and excretion of many drugs. 

The enzvme coded by this gene metabolizes more than 40 drugs used in areas of 

cardiovascular disease and psychiatric disorder Poor metabolizers are likely to 

exhibit adverse drug reactions Frequency of this recessive trait ranges from 1-2 

percent in Asians and 4-5 percent in Americans ( Macmelli cl al..2000). 

Determination of patients CYP 2D6 phenotype/genotype may prove useful in

treatment with antipsychotic drugs.

CYP 2C9 and ( VP ZC 19

CYP 2C9 constitute IK 2 percent of liver CYP 450 conic,.I CYP 2C9 and 

CYP 2C19 enzymes are concerned w„h Ihc metabolism of many currcnlly used 

drugs Substrate of CYP 2 0  include phynilom, oral anlicuagulauls like warfann. 

ancenocoumarol. oralhypnglycemic drugs like tobu,amide, glipizidc etc CYP

2C9 and CYP 2C .9  genes are polymorphically -pressed Ammo ac,
. . . km  in Ihe coding region or CYP 2C9 result in a 5

substitution al codons 144 and 3-
fold decline in mclaholic activity. Tins may leads to drug toxic,ty



A study was conducted at kam ataka based on th* f* u
• i historv. DNA was

extracted from peripheral leukocytes and amplified by the standard P r  o
, A . i t  . . u “ t-K protocol

PCR products were digesteded wuh restriction endonucleases Smal and Bam Hi'

The size o f  digestedd products was determined bv 8% p a p p  d
• t'AUb. Bands were

visualized by staming wtth ethidium bromide. The genotype was identified based

on the size o f  DNA fragments. Samples were sequenced, the frequencies ofCY P

2C9*i and CYP 2C19 *2 and CYP 2CI9*3 were identified to be 60.25. 39.3 and

0.5 percentages respectively (Rosemarry cl al., 2004). /

nRlir: R F.C FPTO R S

Receptors arc structures that are located either on the surface of cell 

membrane or within cells themselves. One drug molecule occupies each receptor 

site and binding is reversible Combination of drug with a receptor produces a 

specific response Drug receptor interactions are analogous to enzyme substrate 

interaction When a drug interacts with receptor, several chemical attractive forces 

are responsible for the initial interaction

Genetic \ariations in drug receptors can have a profound 

effect on drug efficiency Genetic polymorphism of the f$2 adreno receptor can 

alter process of signal transduction Three SNPs in ADRB2 ha\c been associated 

with altered expression, down regulation, or coupling of the receptor in response 

to (32adreno receptor rigour,! Single nucleotide polymorphism resulting in an 

arginine to glvcine ammo acid change at codon lo and at glutamine to glutamic 

acid change at codon 27 are relatively common

A recent studv o f agonist mediated \asodilation and desensitization 

revealed that patients who where homozygous for arginine at ADRB2 ci do 

had nearly complete desensilizalion aller continuous infusion of isoprol 

with vasodilation decreasing from 44 percent base line to 8 perc
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minutes of infusion. In contrast patients homozygous fhr i •
. . S us for glycine at codonlG had

ao significant change m vasodilations regardless of their codon 27 status.

Genet,c polymorphism in the apolipoprotein ( A PO E ) gene appears 

,o have a role m predicting response to therapy for Alzheimer's d,sease and to 

lipid lowering drugs There are numerous allelic variants of the human A P O E  

genel e.g. AP0Ee3, A P O E e-t ,  A P O E eS  etc) which contain one or more single 

nucleotide poly morphism that alter amino acid sequence of the encoded protein. 

In a study of treatment ol Al/heimer s disease with tacrine, 83 patients without 

AP0Ee4 allel slowed impro\ement (Poirier ct al., 1995). Patients having AP0Ee4 

genoty pe cannot overcome therapy.

T h e r e  are tw o  types o f  drugs, pro drugs and active drugs. Pro drug 

needs m e ta b o l i /a l io n  to w ork  S low  metaboliser have poor efficiency which leads 

to po ss ib le  a ccu m u la t io n  o f  drugs Fast metaboli/ers have good  efficiency w ith 

rapid e ffect

e g  C o d e in  is m etab o lised  hv C 'i P 2D h  to Morphine

A c t iv e  drugs are inactivated by melaholisation. Slow metaboli/ers h a \e  

g o o d  e f f ic ie n c y ,w h ic h  leads to accumulation o f  drugs and produce a d \erse  drug 

reactions S o  s u c h  persons  may need lower dose  Fast melabolisers have poor  

effic iency . and they n e e d  greater d o se  or slow release humiliation

et;. Omepra/cde

Metaholisers

, , ,h < m l  nr ercatlv red,ICC,I ability ,o  clear or activate
A . P M  p o o r  m etn b o l i /er  - absent or gicu

drugs
, , . ip fnroA uotes  for normal and reduced activity

B IM  in term edia te  metaholi/er H c lc r o /y g

C . E M  e x te n s iv e  m e ta b o l i /e r  ( n o r m a l )

D LJM ultra Metaboli/er Greatly increased activity (acc
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Genetic testing is commonly done by PCR, RFLP and southern 

blotting. It is based on experimenting on a single gene. If one has to analyze a 

gene having 16 allels then he has to do 60 separate experiments, which is time 

consuming. Newer technolog)' like DNA microarray promises to monitor the 

whole genome on a single chip so that thousands of genes can be analyzed 

simultaneously ( Joseph cl al., 2001). Micro arrays can be used in identifying 

mechanisms of loxicily in response to action of drugs and chemicals( Bulera, et 
al.. 2001 ) Micro array is a microscopic array of hundred to thousands ofsDNA 

sequences from plants, animals and human tissues immobilized in a solid surface 

like glass or silicon

Micro arrays are o f  two types

I Oligonucleotide array

photolithography

2 cDNA array

cDNA arrays are preparations o 

microscopic glass slide

f  P C R  a m p l i f i e d  C D N A  clones and spotted on a

Steps

1. preparation of cDNA probes

I P



a Isolation o f RNA

b. Conversion o f  mRNA to cDNA

c. Labeling cDNA with fluorescent dye

2. Hybridization

ITAe target DNA has a region c o m p lim e n t  ,0 lhe probe ,hey ^  ^

3 Slide scanning and image analysis

We can calculate fluorescent intensity of each cnnt n , P ^} UI eacn sPot- Based on that we can analyze
the levels o f expression of a gene.

Application in medical Held

1 Micro arravs can be used in the grading of tumours, thereby improving the 

accuracy of p ro g o n o s is  ( Ali/adeh cl al.. 2000).

2 micro arrays can he used in the detection of mutations.

3 cDNA microorr.'iYS can he used to identify amplified genes and monitor 

their ex p re ss io n  lev els in concert  Meiskanen e /a / , ,2000) .

What are the anticipated benefits of pharmacogenomics?

M ore powerful medicine 

Pharmaceutical companies will he able to create drugs based on the proteins, 

enzymes, and RNA molecules associated with genes and diseases This will 

facilitate drug disco very and allow drug makers to produce a therap> more 

targeted to specific diseases This accuracy not only will maximize therapeutic 

effects but also decrease damage to nearby healthy cells.

Better, Safer Drugs the First Time 
Instead o f,he  standard tnal-and-error method of matching patients with the right

drugs, doctors will be able to analyze a palienfs gene.tc profile and presenbe the

best available drug therapy from the beginning No. only will .his take the



guesswork out o f  finding the right drug, h will speed recoven' time •
. 1-1 n . j  r j c'-uver} time and increase

safety as the likelihood o f  adverse reactions is eliminated

MOre ACCUra,e MeU,0dS 0f Appropriate Dnrg Dosages
Current m ethods o f  basing dosages on weight and age will be replaced with

dosages based on a person's genetics, how well the body processes the medicine 

and the time it takes to metabolize it. Thri will nminaze the therapy's value and 
decrease the likelihood of overdose.

Advanced Screening for Disease 

Knowing ones genetic code will allow’ a person to make adequate lifestyle and 

environmental changes at an early age so as to avoid or lessen the severity of a
j

genetic  d i s e a s e  L ik e w ise ,  advanced  kn ow led ge  o f  a particular disease  

susceptibility  will a llow  careful monitoring, and treatments can be introduced at 

the m ost  ap p rop r ia te  s ta g e  to m axim ize their therapy.

Better Vaccines

V acc in es  m a d e  o f  g e n e t ic  material, either D N A  or RNA; promise all the benefits 

o f  existin'' v a c c in es  w ith ou t  all the risks They will activate the immune s y s t e m  

but will b£ unable  to  cau.se infections They will be inexpensive, stable. cas\ to 

store, and ca p ab le  o l  be ing  engineered to carry several strains o f  a pathogen at

on ce

Im provements in the Drug Discovery and Approval Process 

Pharm aceutica l c o m p a n y  will be able lo d iscover potential therapies more easily 

using g e n o m e  target'. Previously  railed drug candidates may be revived as they

are matched vvtth the niche population they serve The drug approval process
i .a fur cniTific pcnclic population groups  

should be facilitated as trials arc t a r g e t  *1

providing grea ter  d e g r e e s  o f  su ccess  T h e  co s ,  and rtsk o f  cltntca. tnals wt.l be 

reduced by targetin g  on ly  th o se  persons capable o f  respond,ng to a drug.

D ecreases in the num ber o f  o rtm lc  patients are on

trials, I he tim e tl lakes lo  gel a drug appro . effective

m ed,cation, .h e  num ber o f  m edications pa.ten.s mus, lake



therapy, the effects o f  a disease on the body fthr

increase in the range o f  possible drug targets will ^  deleC,10n)- and 211 
cost o f health care. 8 “  3 d—  in dtecost o f health care

What are some of the barriers to pharmacogenomics
progress?

Pharmacogenomics is a developing research field that is still in its infancy.

Several o f  the following barriers will have to be overcome before many 

pharmacogenomics benefits can be realized.

Complexity of finding gene variations that affect drug response -

Single nucleotide polymorphisms (SNPs) are DNA sequence variations that occur 

when a single nucleotide (A,T,C,or G) in the genome sequence is altered. SNPs 

occur ever.- I Of) to 300 bases along the 3-billion-base human genome, therefore 

millions of SNPs must be identified and analyzed to determine their involvement 

(if any) in drug response Further complicating the process is our limited 

knowledge of which g e n e s  are involved with each drug response Since mans 

genes are likelv to i n f l u e n c e  responses, obtaining the big picture on the impact ol 

gene variations is highlv time-consuming and complicated.

L im ited  d ru g  a l t e r n a t iv e s  - Only one or two approved drugs may he 

available for treatm ent of a particular condition If patients have gene  variations 

that prevent th em  using  th ese  drugs, they may be left without any alternatives for

treatment

D is in c e n tiv e s  for d n ,K com panion lo m ake m ultip le p h an n aeogcn om ie

i mrnnii.c hnvc been successful with their "one products - Most pharmaceutical companies »
. i „i«rmipni S i n c e  it costs hundreds of millions ol

size fits all" approach to drug development .
dollars .0 bring a drug In market, wdl these compan.es be wdlmg lo develop

allernalive drugs lhat serve only a small portion of the populnlior
«.nvSflrrs - Introducing multiple 

Educating healthcare P
. , came condition for different population

pharmncogenomic products to treat « iiCnnncino
. , thp nrocess of prescribing and dispensing

subsets undoubtedly will comphca „,h;rh ,im{,
on cxlrn diagnostic step to determine which drug

drugs Physicians must execute an



IS best suited to each patient. To interpret th*
• th . e diagnostic accurately and

recommend the best course o f  treatment for each
,, r  ^  patient, all prescribing

pbvsicuns, regardless o f specialty, will neeci a . s
V ™ a better understanding of genetics.

C hallenges

Genome analysis for all individuals

Rapid, automated methods must be developed to identify SNPs in the 3.5 billion-

base-pair genome that influence susceptibility lo disease and individual drug 
response.

• Stud>ing the biology of genes involved in disease and drug reactions

[t can take decade.-) to studv a genes product, function and association to drug 

response

• New techniques need to prove their worth

SNP analysis and expression profiling are in their infancy, and feu success stories 

used

• C o m p lex  d isea ses  really  arc com plex!

In realitx, disease ami drug response can involve hundreds of genes. 

Environmental factors such as age. nutrition and lifestyle can influence disease

and drug response as uell 

Issues

• A d o p tin g  new  p ractices in h ca lth ca ic

Health care provide,, and pharmacists will have to become educated about new 

diagnostic lesis and how lo use them when treating and advising patients.

• W h o  w ill p ay  for  it?
Today's methods for SNP analysis and expression profiling are expensive Health

insurance companies may no, wan. to pay for extra diagnostic tests and economic
, . inrn-mrpiitical companies ch o o se  to develop,  

issues m ight in f lu en ce  w h ich  drugs ph<

E th ica l  an d  p r ivacy  issues ,nl„vnrc
I n  • in disease may have implications for employers 

Identified genetic susceptibility to rnrmniinn nnd
■« Who will have access lo genetic information nnd 

insurance companies, wnoand 

datnbases?



Advances in gnom ic  and proteomic sciences along with system biology 

t o .e greatly influenced the destgn and approaches to the discovery and 

development o f  new dregs. is anticipated that an increased application of 

pharmacogenorracs shall significantly improve the quality of future drugs in tenre 

of their efficacy and safety profiles. I, will also reduce extend of their adverse 

drug reactions with subsequent reduction in the overall cost or their development. 

Besides maximizing the useful elTects of drugs, it will also lead to better patient 

compliance and accurate monitoring of the appropriate drug dosages. Application 

of pharmacogenomics in new drug discovery shall have high impact on the overall 

cost and time duration of the de\elopment offering high competitive advantages 

to the companies that successfully incorporate these technologies.



1, wh2* about faba been causing favism?

Ans: Vice,a faba- It is a cool season vegetable gro™  in hilly areas

2m Common name o f faba been?

Ans: broad been

3, protein uhich act as hormone9

.Ans insulin

4. Scientist behind the human genome project?

.Ans Craig \entor

5. W h e n  did the h u m a n  g e n o m e  seq uenc ing  started?

.Ans T h e  project officially began on  October  I- 1990

6. What do >ou meant by teratogenicity9

ans Teratogemcit;. mean , production ol birth defects

7. Flow mutation ’.'.ill efleet the drug absorption?1

Ans Presence of food in the gut may selectively increase or decrease drug 

absorption F;or cy food increases the absorption ofdicoumarol while tetracycline

absorption rerluced bv thc presence ol dairy lood

8. What is the function of dystrophinc*

Ans It actually known as DMD gene . and its product is kn 

dyslrophine It is a muscle protein

»■ Wha. are the diseases applied to pharmacogenomics?

Ans cancer nnd cardiovascular diseases
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PROTEIN TRAFFICKING

i n t r o d u c t i o n

T h e eukaryotic cell has evolved hiohk/ u
S^ly lab orate sub cellular organelles or

structures that specialize in dishnc, biochemical and biophysical processes The 

biogenests o f organelles, progression of localized biochemical reactions and 

cellular integration of these processes involve extensive subcellular traffic and 

localization o f a wide variety of molecules. Within an organelle, spatially 

clustered biochemical reactants also require trafhc and precise localization of all 

molecules involved. Thus organized traffic and localization are hallmarks of a 

living cell. Elucidating thc underlying pathways and mechanisms of protein 

trafficking has vast importance in understanding how biological processes at the 

individual level are integrated at thc whole plant level. This forms the basis of 

how a plant grows, develops and deals with biotic and abiotic stress.

PROTEINS

The term 1 proteins' was derived from the Greek word proteios meaning 

irst Proteins arc die most prominent macromolecules in the cell making up over 

fifty percent of the dry weight of cells. They are found in every part and every cell 

of the organism .and are fundamental aspects of cell structure and function.

Proteins are lhe direct produce and effectors of gene action. Proteins arc
, I r rvnrl mcli nrotcin molecule contains a specific nformational macromolcculcs and ca p

nformation rich sequence of just 20 amino acids (Lchninger, 2002).
Proteins have diversified functions in Utc bring organ,sms They

are known as the building blocks of thc organ
. r r«r hinlorical functions (enzymes)■ Some act as catalysts for nioiogi

nf foreign organisms i.e., antibodies like 
- Defend body against invasion of foreign g

gamma globulins. ^  q[ ̂

■ Form food reserves e g. Ovalbu

* Act as hormones e g
Insulin maintains sugar level in blood.



T t e  proteins constitute an importam

divergent activities. But these wonderful mol ^  molecules w1*  highly

the right time. This is where protein trafficl^r '11'5 ^  be M * e rieht Place at
comes to play.

Protein Trafficking

trafficking is the mechanism by which the biological cell 

transports proteins to its proper destination to have die desired effect „  is more

complex in eukaryotes because o f the presence of mary intracellular

compartments like nucleus, mitochondria, peroxisomes, chloroplast, endoplasmic 
reticulum, golgi bodies etc.

Need for Protein Trafficking

The trial and error process, nature has used for improving the 

metabolic machinery has led not only to great versatility' but also to an intricate 

control system. This is aimed at producing codes that prevent wasteful 

overproduction o f metabolites The bioengineer, in contrast, wants to convert a 

substrate into some product as efficiently as possible with a minimum waste of

any protoplasm that is non functional (Heden, 1997). Some enzymes can inhibit

their own synthesis, upon accumulation. This is known as feed back mechanism. 

High concentrations of hie synthetic enzymes and products can be obtained by 

blocking the build up of an end product or it s derivatives, which is possible b\

the knowledge about protein trafficking.
Molecular farming is die application of molecular biology techniques for

the synthesis o f commercial products in plants 'Hie interest of such proteins

comes in par. from the problems associated with existing fermentation and
r i tt ri inn M a m m a l ia n  cell sys tems  a re  expens ive  bioreactor s y s t e m s  for p ro te in  p ro d u c t io n  M a m m a

. I HnHnrinl svstcms can be scaled up, but oficn the
and cannot easily be scaled up Bactcr y

. r a m r o d  i e they' arc not properly folded and 
recombinant proteins not properly pro

i cn intracellular precipitation of non-funcUonal
disulphide bridges are not formed, s

u* pnsilv scaled up and are able to fold, 
proteins can occur. ^  non.planl pr„,eins sufficient,y we,,
crosslink and post tramlattonally m V ductio„ 0f recombinant
to ensure that functional pro.ctns ore obtnmcd.



proteins in plants also benefits from abOftv to w m

components where processing occurs or vvh ° proteins t0 sub cellular

(Slater e/ a/., 2003). Targeting p ro te iJ to s e ^ t d T b ^  ^  ^  

recombinant protein from weeks to years ^  mCT&aSes stab,1,t>' of

Production o f  herbiade resistant p l « s  often require transgenic products 

,o be deliberately targeted to chloroplast as most of the potential pathways of 

herbicide resonance occurs m chloroplast The knowledge on protein trafficking 

also assists m sophisticated drug design. Knowing the mechanisms and pathway 

can help in the regulation of diseases like cancer

To know where the proteins are before trafficking the different steps in 

proteins synthesis like transcription and translation have to be discussed.

T r a n sc r ip t io n

Genetic information is stored in the DNA (deoxyribonucleic acid), the 

informational macrnmolecule of the chromosomes. This information instructs 

each cell to produce a characteristic set of proteins. The genes remain in the 

chromosomes and the message is first enzymatically transcribed to message RNA 

(mRNAj whose nucleotide sequence is complementary to that of DNA of the 

gene The different steps involved are initiation , elongation and termination.

Initiation occurs wilh the binding of RNA polymerase lo a DNA molecule 

at a specific position a, attachment sites called die promoters. During elongation

stage of transcription, the RNA polymerase moves along die DNA. reading die
. . .  a  RNA-DNA hybrid is formed in the unw ound

tem p la te  in the  5 ’- 3 ’ direction A RNA dina n>
r.trihnr aloni» the DNA template, the

regions As the RNA polymerase mo
. . .  i ic rlknlaccd and the DNA duplex reforms behindnewly synthesized RNA strand is d p .

-T- ’notinn dimals are usually complementary
the transcriptional complex Termi

palindromes They exert their influence detflches from

growing RNA molecule ^ ^
the complex at the end of the gen ,

fall o f f  the tem plate at som e later point (Chawla.



a > *

Translation

Translation is the process by which tho • r 
, . , • . . “^onnation in the mRNA is

decoded into a pdypeptide chain. This Droce« ;c
, f  d x t  a  n t l  carned out by ribosomes and t

RNAs (transfer RNA). The coding trinity nr j
P r codons on mRNA, which are

complementary «o those in DNA, serve as immediate template and provide genetic 

infonnauon specifying the sequence of amino acids during protein biosymhesis on 

ribosomes. The tRNAs bring the amino acids which are linked by peptide bonds, 

in association with ribosome, forming the polypeptide. There are three major steps 

in the synthesis o f  the polypepude are chain initiation, elongation and termination.

The first step is the attachment of the small 40S subunit of ribosome to the 

mRNA molecule. In eukaryotes, the small subunit of the ribosome recognizes the 

cap structure as its binding site and therefore attaches to the extreme 5' end of the 

mRNA. The translation starts when an aminoacylated tRNA base pairs with an 

initiation codon that has been located by the small subunit. Elongation begins 

when the correct aminoacylated tRNA enters the A site and base pairs with 

second codon. A peptide bond is formed between the two amino acids which are 

in close contact in thc two sites of thee ribosome. Ribosome shifts one codon in 

the 3 ’direction expelling the uncharged tRNA and making the A site vacant 

again Thc third aminoacylated tRNA enters thc A site and the elongation cy cle is

repealed Termination of lranSla.ion occurs when a lermina.or codon
a cim T h e r e  a r e  n o  tRNA m o l e c u l e s  with 

( U A A . U A G . U G A j c n l c r s  t h e  A site.  I h e r e

anticodons lo base pair will, any of llicsc terminator codons.

„.„nlnvral in biosynthesis of proteins Free cytoplasmic ril.oson.es arc employed in 0 s> ,
■ rihnsomes that arc attached to outer surface of 

intended for internal use whereas . .  ., ..
a m mike proteins lo be secrclcd outside the cell.

endoplasmic reticulum arc use cytoplasm and
Trafficking is essential for pro.etns desbncd lo

reach specific sites



Trafficking In Prokaryotes

The chaperone protein SecB binds tn
nascent polypeptide chain to

prevent premature folding which would mal-P _
make transport across the plasma

membrane unpossible. SecE and SecY are transmembrane components which 

form a pore m the membrane through which the stiU unfolded polypeptide is 

threaded. The translocation process is energy-dependent (ATP) and is driven by

protein has passed through the pore, the signal sequence i: 

cleaved off by an extracellular, membrane-bound protease.

N-terminal signal sequences of representative secreted prokaryotic proteins.

Protein

I L c u c i n c - b i n d i n g  p ro te in

i  P r c - a lk a l i n c  p h o s p h a t a s e

| P rc -L ipopro tc in

SecB , t
(prevents foldinfl)

Sec Y

MKANAKTIIAGMIALAISHTAMA EE..

MKQSTIALALLPLLFTPVTKA RT...

MKATKLVLGAVILGSTLLAG CS...

algnal or 
leader
sequence



Proton trafficking in ldnctoplastid protozoa

nosts ranging from  
diseases o f  m pH inoi ■

- ^ u o m ic  importance. They are
the earliest-branch ing organism s in eucarvnri , •

, , . c s o lu t io n  to have either
m riochondna or peroxrsome-like microbod.es. R a t i o n  o f ^  pr0(ein

trafficking arables us ,o identify charactenstics that have been conserved 

throughout eucaryotic evolution and also reveals how far variations, or alternative 

mechanisms, are possible. Protein trafficking in kineloplastids is in many respects 

similar to that in higher eucaryotes, including mammals and yeasts. Differences in 

signal sequence specificities exist, however, for ail subcellular locations so far 

examined in detail—rnicrobodies, mitochondria, and endoplasmic reticulum—with 

signals being more degenerate, or shorter, than those of their higher eucaryotic 

counterparts (Clayton ct al., 1995). J

P ro te in s T r a f f ic k in g  in E u k aryotes.

S ig n a ls  d irect  prote ins  into a targeting pathway or redirect them on ce  they 

la v e  rea ch ed  the initial target (Gillham, 1994). Protein trafficking is com p lex  in 

eukaryotes  d u e  to the p resen ce  o f  subcellular components. Secretory proteins and 

ntegral m e m b r a n e  p rote ins  travel through the secretory pathway to a variety o f  

destinations M u ta t io n s  Ural affect  tire trafficking o f  proteins are even associated

with som e human g en e t ic  d isea ses  ( A m a r a c r n / . , 1992).

M a n y  o f  lire nascent proteins have lo be modified after translation in 

order .o  b e c o m e  functional Proteins can undergo a great variety o f  possib le  post  

translational m o d ,f i c a l to n s  K n o w led g e  o f  rignol peptides, which dtred  the

i r e n t  o r g a n e i i c * ,  «  ^  ........

Ora. underlies tire trafficking of proteins. Specific res,dues may

line iq o f  immense importance for understanding the 
p rote ins  to  d ifferen t  organelles ,  _  ̂ . t________

sorting process    ^  ^  occiy|nIion ,0 regulflte U,e

be modified by phosphorylation, gly 

activity and location of large number of prolerns.

e



Pn.Ht-TranslationalModifiratinn

Release o f a completed polypeptide chain from „
■ i n  m tK r  nbosome is often not the last

chemical step m the formation of a protein v»ri„,
. anous covalent modifications often

occur, other durrng or after assembly of the polypeptide chaia Most proteins 

undergo co- and /or post-translational modifications. Knowledge of these 

modifications ,s extremely important because they may alter physical and 

chemical properties, folding, conformation distribution, stability, activity, and 

consequently, function o f the proteins. Moreover, the modification itself can act as 

an added functional group. Examples of the biological effects of protein 

modifications include phosphorylation for signal transduction, ubiquitination for 

proteolysis, attachment of fatty acids for membrane anchoring and association, 

gtycosylalion for protein half-life, targeting, cell.cell and celkmatrix interactions. 

Consequently, the analysis of proteins and their post-translational modifications is 

particularly important for the study of heart disease, cancer, neurodegeneralive 

diseases and diabetes.

Glvcosvlation

Protein glycosylation is acknowledged as one of the major post- 

translational modifications with significanl cffccls on protein folding, 

conformation distribution, stability and activity. Carbohydrates in Ure form or 

asparg.ne-l.nkcd (N-hnkcd) or serine/threonine (O-linked) oligosacchandes are 

major structural components of many cell surface and secreted proteins

Phosphorylation

* .* nrinrinallv on sennc, threonine or 
Reversible protein md wol|.sludied post-translational

line res,dues. ,s one of ^  |n Ulc rcgulolion of many

ifications Phosphorylation p ^  ^  ^

ilar processes including c



Without a  signal the protein will r a n t* , ' 
gave the signal hypothesis for which h m cytoplasm- Gunter Blobel
j 999. ^  h°n0Ured the Nobel Prize in

Following is a partial time line n f  ™

" "  «— » «

„ 7 ,  - W  « h  D , * ,  ^  ^

secretory proteins across the endoplasmic r e t i n , ™  uv mic reticulum membrane resides in the NH2
terminal sequence.

1975 - Developed the first cell-free system that faithfully reproduces protein 

translocalion. This system became the paradigm for all other subsequently 

developed cell-free translocalion systems (bacteria, mitochondria, chloroplasls, 

peroxisomes) More importantly, it provided the opportunity for extensive 

biochemical analysis o f protein translocation. Expanded and shaped the proposal 

he and Sabatini made in 1971 into the "signal hypothesis."Determined the partial 

primary structure of signal sequences of several presecretory proteins by Edman 

degradation.

1977 - First demonstrated that a nucleus-encoded, cytosol-synthesized protein of 

the chloroplast stroma is synthesized as a precursor, consistent with the idea that it 

contains a transient, chloroplast-targcled signal sequence.

I97» - Provided Ihc first example or an integral membrane protein shown to 

con,am an NH2 terminal sequence extension that is the structural and functional

equivalent of the signal sequence nr prc secretory proteins Established for the
imnclnrntion svstem that mimicked the integration of first time a cell-free protein translocalion sysic

a bacteria! integral membrane prolem into the bacteria, plasma membrane. Ftrs,

demonstrated a membrane-associated bactenal signal pepttdase.

. ,„H that nucleus-encoded, cystosol-synthesized
^  _  d „ , ^ ,  

m itodtondrial m atrix proteins W  jmport inl0 mitochondria First

the first cell-free system that mimics



q  t? ‘ \
j

a£fneveu luc lcu

precursor for a lysosomal protein <mu
translocation into microsomal vesicles. Elucidated k., dj 
primary structure of the firs, chlorop,ast stroma-targeted signal ^

1980 - Extended Ore srgnal hypothesis to a general hypodresis on intracellular 

protem traffic and membrane biogenesis, and proposed the concept of “topogenic"

sequences. Fust isolated component-catalyring, signal sequence-mediated 
translocation across the ER_

1981 - Showed that the isolated protein specifically recognizes signal sequences 

of nascent presecretorv proteins, and named it the "signal recognition protein," or 

SRP Postulated the existence of an "SRP receptor" in the microsomal membrane. 

Elucidated the primary' structure of the first signal sequence for a lysosomal 

protein

1982 - Showed that SRP contains a 7S RNA molecule in the stoichiometry of one 

7S RNA and one each of six different proteins. The term SRP now stands for 

"signal recognition particle "Purified the predicted SRP receptor from microsomal 

membranes Elucidated the first primary structure for a signal sequence that targets 

proteins to mitochondria, this lime by cDNA cloning radrer dran by Edntan

degradation

S p e c i f ic  signals have bca, identified that arc responsible for targe.ing

The important subcellular components and their 
prot to different organelles Inc [

eting signals are given below. 

i c e llular component_/-QI£^nc^-

uolc

x isorn es/O lyox isom es

a  HDEIVKDEL/RDEL m otif 

b LQRD (Vacuolar targeting sequence)

c. Nuclear localization signal (NLS)

d. SKL m otif

e N  terminal transit peptide



M itochondria
^ N terminal transit peptide

R -  Arginine, H- Histidine, Q -  Glutamine D -  w  -a ,
^  T , Aspartic acid, S -S e rin e

E- Glutam ic a a d , L- Leucine, K -L ysine

a) A ddition o f  this m otif to nthpr
other proteins may not be sufficient for retention

in the ER but will slow transport

b) May not be sufficient for targeting. Proper targeting may require protein 

folding to bring signal patches to surface of protein

c) NLS usualls consists of a small region rich in basic amino acids (Arg & 

Lys) NLS are not absolutely conserved in either size or composition.

d) The addition of a C terminus SKL motif targets the protein to peroxisome 

in nee

e) The composition of transit peptide varies. They usually have no acidic 

residues but are rich in serine and threonine. Although the chloroplast has 

a genome, the majority of chloroplast proteins are encoded in nucleus,

necessitating transport into the chloroplast.

0  They generally lack acidic residues and are enriched in alanine, leucine, 

serine and arginine
r rrccntors either on the target organelle or on a 

These signals interact with specific r p
, n Tlipfc arc 2 basic forms o f  targeting pathways, e a r n e r  p ro te in  I here  a r c / .

• Post translational

.hpds This occurs in nucleus, mitochondria, 
Protein is transported after synthesis, m is

chloroplast, peroxisomes



Co translational /secretory  pathway

Transfer o f membrane bound of serrPt^ 
synthesis o f the protein-ER, Goigr, lysosomes> ^

In the absence o f  targetmg s ^ a l s ,  a protein will remain in the cytoplasm.

Nuclear targeting

It is an unusual pathway since 2-way traffic is involved. The 

trafficking o f  macromolecules between cytoplasm and nucleus through nuclear 

pore is mediated by specific carrier molecules such as members of the importin 

family (Stewart et al., 2001). DNA & RNA polymerases, trancriplion factors, 

histones etc. move into the nucleus and mRNA, t RNA, rRNA are trafficked out.

Proteins are transported through the complex nuclear pore. Proteins 

smaller than 20k Da move by diffusion Those larger than 20k Da move by 

nuclear localization signals (NLS). They are a cluster of 4-8 positively charged 

amino acids eg PKKKRLV Signal sequence binds to importin. This complex 

then binds to Ran Ran is a small GTP binding protein that assists in GTP 

hydrolysis Ran mediates the passage through the nuclear pore. GTP is hydrolysed 

and protein is released Importin and Ran are recycled to cyloplasm after use.

chondrinl Targeting

Mitochondria contain translocascs for lhc transport of precursor proteins

is their inner and order membra.,* (Mishra. 2003) 13,ere are largdrng
. ill'll thorn eet into the appropriate areas ofsnces on lhe mitochondrial proteins Ural them ge.

«i,oci7Prl These are specific receptor proteins on
:hondrion after they are synthesized, incs cpniipnrK

, , inraptinc sequences. Thc targeting sequences
u ter m em brane that bln ^  ^  ^  ^

group of >vely charge ^  ^  whjch ^  dre protein ,o

t hydrophilic ammo ac.ds . membrane The recep.or is
.  i  i r*rf>nlor c o m p l e x  o i



associated with a long pore that extends throu

mitochondrial m em brane. But these n o r^  ^  ^  0UtCT & mDBT

wifl not be able to pass through a pore i i T  ^  ^  ^

proteins are prevented fr„m l i T a s  t h T  "  T *  ^
, . & 35 316 being synthesized, by the

chaperone pro.ems or chaperomns. In the cytosol, mitothondrial proteins are 

bound by chaperone protetn typically hsp 70 or mitochondrial -import stimulating 

factor (MSF) which prevents folding and hydrolyses ATP for meeting the 

required energy. . Mitochondnal proteins are synthesized as precursor proteins 

tnstde the cell and are shuttled across the membranes by transport across outer 

mitochondrial membrane (TOM) and transport across inner mitochondrial 

membrane (TIM) complexes (Wiedemann et al., 2003). The +vely charged signal 

sequence on the mitochondrial prot binds to receptor protein complex on the outer 

mitochondrial membrane. The binding part of the outer complex TOM is made up 

of two proteins called TOM (Transport across Outer Member) 70 & 37 (for their 

movements) & they then transfer the protein to two others Tom 22 & 20 which in 

turn transfer it to a channel made of TOM 40 protein. In short, five proteins make 

up the binding site on outer membrane pore of transfer complex. In the inner 

mitochondrial membrane is another protein complex TIM (Transport access Inner 

membrane) When the protein is driven through the pore, hsp 70 protein is 

displaced and a mitochondrial hsp70 chaperone binds lo die protein at the expense 

of ATP Proteins tliat will remain in die matrix are folded up by using ATP. The 

signal sequence is removed by a mitochondrial signal peptidase as it enters the 

matrix Some proteins contain additional signal sequences that specify different 

locations, such as membrane n, inter membrane space The protein transport into >

the inner membrane space .and inner membrane is by two ways .

r „,i first lo die matrix, the N terminal signal 
■ The nrolein is transferred Ursi io

I q u l e  cleaved and dte second signa, s e q u .e e  guidts the protein to Us

location .
hirh avoids movement into the matrix but is 

.  An alternative rouW ^  ^  ^  ^  membcf binds l0 U,o

blocked on die way transfer sequence. A
second signal sequence causing .1 <°



second signal peptidase in the intenn

signal sequence and releases the protein. ^  SeC°nd

Chloroplast Targeting

Chloroplast biogenesis relies on the coordinate contributions of 

protem components from both plastid and nuclear genomes. The syndresis and 

import o f  nudear-encoded chloroplast proteins is tightly regulated by 

communication between the two organelles. Protein import into chloroplast is 

mediated by the activities of multimeric translocon complexes located in the outer 

(TOC complex) and inner (TIC complex) envelope membrane. However it is 

similar to the process in mitochondria. There are receptors of channels in the 

chloroplast outer & inner membranes, signal sequence on nuclear enclosed 

chloroplast protein, lisp 70 type chaperones that prevent premature folding and 

stromal chaperones that promote folding the plastid proteins are transported into 

chloroplast by recognition of a sequence of about 40-50 amino acids at the N 

terminal (transit peptide) This peptide directs translocation into stroma, where a 

specific peptide removes transit peptide. This is also a post translational targeting 

le transported after synthesis Transport process into stroma involves a complex 

protem import apparatus TOC (Transport across outer chloroplast membrane) 

and TlClTransporl across inner chloroplast membrane) using ATP & GTT>. 

Targeting into Ihylakoids require a bipartite transit peptide. Removal of the 

stromal largeling signal sequence exposes a second Iransit peptide dial acts as a 

luminal targeting peptide This directs the protein across the dtylakoid membrancc 

into the thylakoid lumen, where it is also removed In a specific proteas



Peroxisomes

All peroxisomal proteins arc encoded by nuclear genes. The signal 

for uptake into peroxisomal matrix is SKL (serine -Ksinc-lcucinc). The carboxy- 

terminal residues o f  several peroxisomal proteins were shown to act as a

peroxisomal targctting signal Studies have been conducted to test whether the
• • | n L'pv pnzvnic in the glycolatc metabolismC-terminus o f glycolatc oxidase, a kc> enzyme bJ

„ mrupttinp sipnal that directs proteins into plant leaf pathway, is functioning os a tnrgetur g . g
.  i nirnn m dinc for a fusion protein composed of the C-

peroxisom es A chimeric gene co g
.niHn.e a svnthetic linker o f four amino acids and 

terminal- truncated beta-glucuronid , s> lriirf_j
• nricjs of glycolate oxidase, was constructed.

the last six C-terminaJ nrnin in cxnrcssion ofrhimeric ccno resulted in expression 01
T— ton o f  tobacco beta-

beta-glucurontda.se enxjantc ac omcs ^  results indicate that

glucuronidase activity was loca 1ze

Stromn procoaalog 
poptklaoo

TH Y L A K O ID
S PAC E

TtiyUikold processing
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the six C-terminal amino acid residues of giyc j

signal that is recognized by leaf peroxisn ° ^  0X1(iase 301 ^  a targetting

Vacuole T arge ting

The mechanisms of protein sorting *  transport from the ER into 
vacuoles are under study. Recently i, has been revealed ^  ^  ^  ^  a

complex vacuolar system Some ceUs contain atleast two fimctionally distinct 

vacuoles; one wrth lytic function and other could be a storage compartment 

Storage proteins such as legumin are stored within the cell in special vacuolar 

compartments that are distinct from the lytic vacuole known as storage protein 

vacuoles (Smith, 1999). So there are several types of vacuolar sorting 

determinants ('V SD). A C terminal VSD of phaseolin and internal sequence 

specific VSD of ricin have been determined. Experiments are going on for finding 

the sorting receptor for the C - terminal VSDs

Secretory Pathw ay

It is a co-translational tranloscation. The N terminal signal sequence is 

scogni/ed by a signal recognition particle (SRP) while the protein is still being 

ynthesized on the ribosome. Thc ribosome-protein complex binds to SRP and die 

•ansiation is paused 'Hie f, protein subunits of die eukaryotic SRP are organized 

do two functional domains: a smaller one and a larger one. The smaller domain 

. responsible for .re la t io n a l regulation (hid.ing), while thc larger domain is 

espnasthlc for srgnal scrprcncc recognition and landing .0 die SRP receptor. SRP

r lhe critical suhum l that rccognir.es .he signal pcp.idc of .he nasccn. pro.em

, rcRP si final sequence. mRNA. ribosome) docks widi ham The SRP complex (SRP. signal scq
1 nnrn crosses ER membrane. Translation continues and 

ecep.or on ER Signal sequc - ^  ^  ^  ^  ^

lolypeplide chain is pulled into ^  ER ^  wi„ bc clenved by

ompleted, .here will be so ^  ^  & sjgnll| scquence

ignal peptidase and polypep 6°

lets degraded
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This is followed by processing glycolysalion ie adding sugar residues like 

mannose It is then transported to the golgi bodies. The golgi transport the 

proteins to the final destination. The membranes of both golgi & ER are 

similar So the vesicles pinched off from ER attaches to cis cistemae of 

golgi Maturation of the protein occurs through cisternal progression upto 

trans cistcrnac by exocylosis. Exocytosis is the pinching of \esicles along 

with a pari o f Ihc membrane. The last vesicle from Irons dstcmae is called 

.he secretory vesicle, which gels transported, lo lire final destination. Many 

of them gel integrated into plasma membrane and some gc. on. of plasma

membrane to other sites of action.



Vesicles arriving 
from RER to cis 
face of Golgi

Rough e n d o p la sm ic  
reticulum (RER)

Cell
m e m b ra n e

There arc two different pathways - constitutive secretion and 

regulated secretion. In constitutive secretion proteins are packaged in vesicles and 

are secreted immediately via exocytosis around the cells. They secrete

continuously and (unlike the regulated) no external signal is needed to stimulate

lhe process Cells that secrete constitutive!)- have many golgi scattered around. 

Fibroblasts, osteoblasts and chrondocytcs arc Ihosc dial use this pathway. In

regulated secredon, p ro lan s arc packaged similarly, but secreted only in response

, n m irn l  n r  hormonal stimulation. Cells that use Husto a specific signal, such as neural or norimnuu
■ I r nnlnri/ed Goblet cells (secrete mucus), 0 cells of 

pathway are usually apical or polari
i tnhiacK (dentin) arc those that use this pathway 

pancreas (insulin) and odontoblasts (
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fTnw to study

Green fluorescent protein (GFP) „btained from ^  _
Aequcrea vc'oria ts a sponhmeously fluorescent protein, which is findmg wide 
use as a genehc marker that can be directly visualized in the living cells of many
heterologous organisms. It is used to monitor • ,monitor gene expression, signal
transduction, transformation, protein trafficking and localization, protein -  protein 

interaction etc. GFP is mainly localised within nucleoplasm and cytoplasm of 

transformed Arabdiopsis cells and can give rise to high levels of fluorescence but 

it proved difficult to efficiently regenerate transgenic plants from such highly 

flourescent cells. However, when GFP is targeted to ER, transformed cells 

regenerate to give fluorescent plants (Haseloff el al., 1997). The GFP reporter 

appears to be superior to others and provides a powerful visual tool to study 

organelle targeting in living cells and to select mutants with abnormal protein 

localization in intact plants (Chiu el al., 1996).

Conclusion

Protein trafficking is an integral part of functioning or proteins. Protein
r.r rtmii'inc: in their proper destinations. It istrafficking begins with targeting of proteins to men \ i

i n number of subccllular components are involvedcomplex in eukaryotes where a number 01 suugg
Knowledge on protein trafficking plays an important role in many fields Itke 

molecular firming, m e t a b o l i c  engineering, enzyme engineering



1. W hat is Zellweger syndrome?

A) Zellweger syndrome is a rarP ™ ,
, • ngemtal disorder characterized by

reduction or absence of J
01 Per° ^ ° ® e s  m cells 0f  Uver, kidney and brain

Symptoms are enlarged liver,hrgh Fe and Cu ,evels in blood and vis,on

distur ances. Lack of muscle movement is observed in infants. Sometimes 
it is associated with jaundice also

2. What is the stop codon in transcription?

A) Stop codons are used for termination of translation. Termination 

signals are usually complementary palindromes. They exert their 

influence by enabling a stem loop lo form in the growing RNA molecule. 

Possibly one of die transcription factors detaches from the complex at the 

end of the gene, destabilizing the complex and leading to the fall o(T the 

template at some later point

3. How is GPP superior over GUS ?

A; GUS is large, requires an exogenous substrate and have leakage

problems as ihc indigo dye often precipitates diffusely. It is a destructive 

analysis fiFP , on the other hand , is spontaneously fluorescent and can be 

easily scored .and used m living intact cells. It's expression is cell 

autonomous and independent of cell type and location. GFP is stable to 

photoblcaching. o x , dot,on and reduction and chemical reactions.

Whnt is hsp 70?
„ sp  stands for heat shock protein and 70 for the molecular weigh,

nnrt Mr> to overcom e heat stress 
These are hea, induced proteins and help

nrinncc of protein trafficking?
What is the application or imp ^  transporting useful proteins

Protein trafficking enn °  ^  m 0 |e c u b r  farming where
.... nlnnt narts H •



commercial products are s>uth«ized by plants teelfln economic parts

o f  the plant S.gnal peptides have been manipulated using base analogs, 

which have found their application in cancer therapy. Transport and 

storage o f  different proteins to the vacuoles for storage are being studied. 

Study o f  adhesion proteins - cadherins which are important in tumorA

suppression and trafficking of Tumor Necrosis Factor (TNF) which are the 

major disease causing entity in inflammatory bowel disease, rheumatoid 

arthritis etc) are on the way.
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a b s t r a c t

eukaryotic

biochemicaj

biogenesis o f  organelles, progression o f ,ocalized ” ,  Pr° CeSSeS' ^  

cellular integration o f  these processes t i l  “  " d
processes ntvolve extensive subceUular traffic and

localization o f  a w ide variety o f molecule
j moiecuies. Within an organelle, spatially

c lu stered  b .o c h e n u c a l  r e a c t a n t  a lso  require traffic and precise localization o f  all 

m o le c u le s  m v o lv e d .  T h u s  organized  traffic and localization are hallmarks o f  a 

l iv ing  ce ll .  E lu c id a t in g  the underlying pathways and m echanism s o f  protein

traffick ing h as  v ast  im p o r ta n ce  in understanding h ow  biological processes at the 

in d iv id u a l le v e l  are in tegrated  at the w hole plant level. This forms the basis o f  

h o w  a p lant g r o w s ,  d e v e lo p s  and deals with biotic and abiotic stress.

P ro te in  tra ffick in g  is the mechanism by which the biological cell 

transports p r o te in s  to its proper destination to have the desired effect. It is m ore  

c o m p le x  in eu k a ry o te s  b ecau se  o f  the presence o f  many intracellular 

c o m p a r tm e n ts  lik e  n u c le u s ,  m itochondria, peroxisom es, chloroplast, endoplasm ic  

reticu lu m , g o lg i  b o d ie s  etc.

Signals direct proteins into a (argcling pathway or redirect them once they 

have reached the initial large! (Gillham. 1994). Nuclear targeting via die nuclear

pore ,s done by nuclear localization signals Mitochondrial proteins arc
< 'nr incirln the cell and arc shuttled acioss the

synthesized as precursor proteins *
membranes by Iranspor. across ouler mitochondrial membrane fTOM) an

transport across inner mitochondria, membrane ff.M , complexes (Wiedenumn
^  n r nrnleins 10 the chloroplasl has a similar mechanism 

<  2003, The " . ^  ^  trnnsit peptide (Sla.er c, <
and large,ing into Ihylakoid eq proteins .ravel through die

2003, Secretory p ro te insan  ^  Mu,a,ions 0)al 0ffec. the trafficking

secretory pathway to a variety ^  gcnctic diseaSes (Amara c,
o f  proteins are even associate '



The feasibility of studying protein trafficking ha 
use of green fluorescent protein (GFP) fro • 20116 a long ^  vvith ^
vital spontaneously fluorescent marker Aequorea victoria. It is a
nansformation, protein trafficking and lo c a L r™ ",. T - tnmsduction’ 
eukaryotic ceUs. The GFP reporter Spears to be su “  Pr0km y0tlC m d  

powerful visual tool to study organelle tamed *  'y organelle targehng m |iving ceUs t0 selec( 
mutants with abnormal protein localization in intact oWs m *.
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benefit o f  man Cell's tnelaboltc networks that , ° rEaniSm f° r ^
works that evolved in nature are not ootimized

for practical applications. In such cases nprfn optimized
""fonnancB of metabolic pathway can be

modified by genetic mampu ation of roll ■ . •
P ot cell. Manipulation o f  biosynthetic pathways

n  plants offers a number of excitmg o p p o r tu n e  for p,ant biochemtsts and 

molecular biologists. Th,s pnmarily am . a, redestgnutg plan, metaboltsm towards 

production of specific high value products for the sake of human welfare. This 

falls under the platform of second-generation transgenics. Recent advances in 

molecular biology techniques, analytical methods and mathematical tools have led 

to growing interest in using metabolic engineering to redirect the flow through 

metabolic pathways for industrial and medical purposes.

M etabolic engineering includes not only manipulation o f  endogenous metabolic 

pathways, but also the transplantation o f  metabolic pathways into new host 

organism. M etabolic engineering is generally defined as the targeted and 

purposeful alteration o f  metabolic pathways found in an organism in order to 

betteT understand and utilize cellular pathways for chemical transformation, 

energy transduction, and supra molecular assembly (Lessard. 1996). Tins 

multidisciplinary field draws principles fiom chemical engineenng. computational

sciences, biochemistry and molecular biology. In essence, meiabohc engineering
nrinrinlrK nf desicn and analysis to the metabolic is the application o f engineering principles 01 design
ri in i l ir  i»oal such as the enhancement o f process 

pathways in order to achieve a parti < b
I ..vfitnhr nrccursors. polymers etc ). the extension ol

productivity (antibiotics, biosynthe |
rvf nvirinsic activities for chemical production 

metabolic capability bv Ihe addilion o f  extrinsic act
„ i ,  vitamins biopolymcrs, industrial chemicals, and 

or degradation etc Amino aci .
« mihpsi/cd via metabolic engineering, 

chemical butldmg blocks car^ e . ^  (o ^  _  of „

Previous strategies employ ^  ^  ^  wffl clinnge(| l0 n systematic

art with experimentation by Inal an a rccombinnnt DNA technology

and rational approach, which involves



and a better understanding of cellular physio.

metabolism (Bailey, 1991; Stephanopoulos and VadU  ̂ ’°  mlermed,â '

Origin of metabolic engineering

The first stages o f studies exploiti™ •
. . .  ., . _ 8 lechnjques to quantitatively analyze

metabolic pathway information has he™ MrT; ^
amed out with a technique usirw

signal flow diagrams by researchers in the field of hinrhp ■ . • • • ,
ieia o i biochemical engineering in the

1970 s The lechmcal term metabolic engineering’ emerged in the 1990’s and 

was defined as a targeted improvement methodology of product formation or 

cellular properties through Ihe modification or specific biochemical reactions. The 

importance of analyzing the network rigidity in metabolic pathways 

(Stephanopoulos and Vanillo, 1991) and of recruiting heterologous activities, such 

as heterologous enzymes and transport systems (Bailey, 1991), has been 

emphasized

Scope of metabolic engineering

Over the past decade, metabolic engineering has emerged as an active and 

distinct discipline characterized by its over-arching emphasis on integration. In 

practice, metabolic engineering is the directed improvement of cellular properties 

through the application of modem genetic methods. Although il was applied on an

ad hoc basis for several years following the introduction of recombinant
.. i i ' n c fhrmnllv defined as a new field 

techniques m etab o lic  engineering •
c ™ ilni lime manv creative applications, directed 

approxim ately a decade ago Since lhal lime, main
i . „ imvp been reported In parallel, recent 

primarily In m etabolite overproduction, have been rep
1 nrmi.suion time o f biological data, especially 

advances m .he resolution an r ■ ^  ^  ^  o f

structural and functional gcnom, . ■ ^  o i a  2001)

biology (hat metabolic engineering provides | t  P

■ no there ,S improvemen. o f  s.rauis o f  living organism 
• In m etab o lic  engineer, g, ortll„i,y 10 m lroduce heterologous
by m u ta tio n  and se lec tions , an



genes and regulatory elements. Th^

fascinating area o f  research. Scope of nxjtahor aigmeenn§ a ver>‘
with few examples: Steering are explained here

at low pH of

• Extended substrate range for growth and product formation

Eg Hemicellulose as substrate instead of glucose in alcoholic fermentation.

• Addition of new catabolic activities for degradation of toxic or unwanted 

chemicals

Eg Removal of acetate during bacterial fermentation.

• Modification of cell properties.

Eg Strains haung adaptation to various physical and chemical conditions.

• Production of chemicals new to the host organism by completion of partial 

pathwavs or b\ the transfer of entire biosy nthetic pathway.

Eg Melanin production in E cnh
• Improved production of selective chemicals already produced by the host 

organism.
.  Eg Production of antibiotics like penicillin by Pcmcillmm chnsogcnum

.  Modification of host cell or organ** or produc, ^  ft

Eg. Productton of an ervthromycm derivative, which is more stable 

stomach by Saccharopolyspora erythrae



1 I /(T

Producing beer, wine, cheese, pharmaceuticals and oth
often involves metabolic engineering ° ”  blolectmol°gy products

Basic concept

Cells will have an optimal use of thrir
, 0Urces for ^eir survivaL Metabolicpathways are networks retnilatpH tn ..

P . . ^  d 10 ° Ptlm%  tr ib u te  their fluxes. Metaboltc
engineering is to overcome the reeulminn j

regulation lo produce the product of our interest or
,o create a new product that die host cells normally don', need to produce 

1, * based on concept of ngid network and fleable and rigid nodes (node means 

each step o f  the reaction network). This concept was firstly introduced by 

Stephanopoulos and Vantllo (1991). The rigidity of a network or its resistance to 

variations in metabolic change is due to control mechanisms established to ensure 

balanced growth fo r an engineering strategy to be successful, a better 

understanding of the host cell is necessary. The effects of genetic manipulation on 

growth and possible effects on ‘unrelated’ systems should be examined.

APPROACHES IN METABOLIC ENGINEERING

C lass ica l  a p p r o a c h :

In this approach, detailed study of enzyme kinetics, the system network.

and intermediate pools involved is conducted and the genetic manipulation is 

proposed for some presumed benefits

Inverse metabolic e n g i n e e r i n g :

H ,re firstly a ties,red phenotype is tdeniified and the emnronmental or

r r Ih.s nhenotypc are determined Based on this, the 
genetic conditions that confer I 1 a  i

, . t cf altered by genetic manipulation (Delgado and
phenotype of the selected ho

Liao, 1997) VHb jn roi, ,hc observed phenotype
Eg. Express,on of oxygen binding P ' ° ^  under oxygen

of high heme cofaclnr levels m an ^  |n)provc growth of olher

limitation suggested that synthesis o

organisms under similar limita to mctnbolitc CNielson, 2001):

Strategies of Improving the production of a



A). Moamcauon or pathway ° f  a metabolite (Nielson, 2001):

2 Amphficarion of the branch point enzyme -  Metabolic

of bottleneck

conversion

E3

A _Ej____ ^  E2 -----

B

Suppose in this reaction if we want to increase the concentration of B then 

amplify enzyme E4.

3 Remodeling the regulators' element of the protein by protein engineering or 

usmg a heterologous enzyme -  Bv pass of bottleneck.

In the following example enzyme E.( is sensitive to the concentration of product C 

and C is converted to B by an enzyme Er, So to have an increased production of 

C. we will replace the E, by a C- insensitive E4

A Ei
► ► C insensitive E.»

with different catalytic mechanism -
4 Introduction of heterologous enzyme

Redirection of metabolic (low

In the following example we will introd

substrate A to have a new product f

will introduce an enzymec Ea that can act on the



5 Amplification of the first enzyme in t

of carbon flow and identification ofpotentialbottla ^  PaUlWayS ~ augmauation

6. Replace the enzymefs) with olher(s) .
kinetically more favorable 316 ener8el'cally or

B). Enhancing the precursor and energy simnk, n.
. . .  ™ ^  engineering the central

metabolism.

C). Engineering the transport system

1 Engineering the substrate and precursor uptake by increasing the rate

of uptake or by changing the specificity towards the substrates or precursors.

2 Engineering the product secretion.

D) Engineering the tolerance to its own product or high substrate concentration.

E) Decoupling the growth and production.

G en era l  m e th o d o lo g y  Tor the development of efficient strains:

Id en tification  o f  target phenotype

Increase  the freq u en cy  o f  occurrence ol genes that 

may co n fer  the p h en o ty p e  in the selected host.

A
M u t a t io n  Recom binant DNA technology

( c lo n e s )
(m u ta n ts)

''A
S c r e e n i n g  &  S e lec t ion

Plant M eta b o lic  engineering;

I f r ,he world's feed supply as well as biobased 
Plants are Ihe raw materia ^  ^  ^  |uiman kind is n senous

industria l p ro d u c ts  Provid ing  resourco have the potential for

challenge for our society PI'11115 as  ̂ ^  ^  we|| energy The design of
providing society w ith many of OU demands is n scientific and

.he plants to meet these potentially



engineering challenge Plant ceilular ac (n ife  ^

of enzymatic, transport and regulatory fin [j 6 lmpr0Ved by manipulation

recombinant technology. Some of areas 0f T *  ■ ^  C0U ^  ° f

genetic engineering and modification of m etah l^ , b'° teChn° l08y' m wh,ch lhe 

role, are discussed here. ° ^  have played a maior

A. Modification of plant nutritional content:

One of the goals o f plan, genetic engineering has been to create crops that are 

tadored to provide better nutm.on for humans. To improve the dietary intake of 

all essential nutrients and to improve the consumption of various health promoting 

compounds, researchers ha\e been developing new ways to increase the 

nutritional quality of plants The major focus of this agricultural technology is the 

identitication and isolation of the genes that are needed to synthesize a beneficial 

compound so that Us level can be increase in modified crops.

l.Amino acids: Ammo acid pathways are important targets for plant metabolic 

engineering Since plants represent the major global food supply, large efforts are 

devoted to increasing the content of "essential" amino acids, which are absolutely 

required in human foods and animal feeds. Engineering of amino acids is also 

undertaken In improve plant growth and stress tolerance. Many of die pathways or 

ammo acd  metabolism u, plams have been elucidaled, and genes encoding most 

of die enzymes me now available. 11,c express,on of recombinant genes ,n 

transgenic plants, coupled with genetic and biochemical approaches, has

contributed s.gmficantly to .be understanding of regulatory networks of the
, . I Ihnir in c o r p o r a t io n  in to  proteins Hus knowledge

metabolism of amino acids and
B now being extensively nppbed ,o metabolic engineering of crops (Oald, and 

llnfgen. 20(12) E xam ples  arc as foil ^  c0(Hcnt „f seeds is In enhance

Lysine: One novel way to ^  ^  ^  ,yslne biosyn,he,ic

"  E  -  * *  —  ^  -
derived from aspartic acid (Fig )
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The first step in the conversion of aspartic acid to lysine is the phosphorylation of 

as part o lan as c (AK) to produce P aspartyl phosphate. The condensation of aspartic 

P semialdehydc with pyruvic acid to form 2,3-dihydropicolinic acid, catalysed by 

drhydropicoltnic acid synthase (HUDPS is Ihc firs! slcp commited lo lysine 

biosynthesis Ilnlh AK and DllllPS arc feed hack inhibited by lysine Tlnis to

overproduce lystne. ,1 is necessary to aboltsh Ihc feedback inlnbition of these two
i i „,i u- rlnniim penes for lysine feedback insensitive enzymes Tins was a c c o m p l i s h e d  In cloning genu. >

i . mihI /•' coll respectively fusing each ofDHDPS and AK from t nnvchnclcrlum ana /. i
, mnniiflp nlncmu each gene under the control of these genes to a chloroplast transit peptide placing g

i .laf>n introducing the two genes using a Ti plasmid 
a seed-specific promoter, and then

. ^  plnnls Transgenic canoln and soybean
binary vector, into canola and soy

r 11 ..rpoep in the lysine in their seeds with an 
plants had more than a 100 fold increase



overall doubling of the total seed lysine content in can
total lysine content in soybean c®ola and a 6 fold increase in

Methionine and cysteine: These twn
‘"O ammo acids containing reduced sulfur are 

not only an important substrate of nrotem w ’
protem btosymhesis but ere also precursor of 

various other metabobtes such ac o i-
j . . .  . such as glutathione, phytochelatines, S-

adenos> Imethiomne, ethylene DolvaminpQ * j
. , pon amines, biotin, and are involved as methyl

group donor m numerous cellular processes. Whde methiomne is an essenttal 

ammo actd due to an mabil.ty o f monogastric anunals and human bebtgs to 

synthesize tins metabolite, amrnals are still able to convert methionine consumed 

with their diet into cysteine. Thus, a balanced diet containing both amino acids is 

necessary to protide a nutritionally favorable food or feed source Because the 

concentrations of methionine and cysteine are often low in edible plant sources, 

e g potato, considerable efforts in plant breeding and research have been and are 

still performed to understand the physiological, biochemical, and molecular 

mechanisms that contribute to their synthesis, transport, and accumulation in 

plants During the last decade molecular tools have enabled tbe isolation of most 

of the genes involved in cysteine and methionine biosynthesis, and the efficient 

plant transformation technology has allowed the creation of transgenic plants that 

are altered in the activity of individual genes The physiological analysis of these 

transgenic plants has contributed considerably to our current understanding »f 

how ammo acnls are synthesized. 11 was found that threonine synthase ,s the 

regulatory element in me.htonme synthesis (Nikiforova c, at, 2002)

i r,.rl in in c r e a s e  ihc amount o f  sulfur am ino acids. 
A d if fe re n t  a p p r o a c h  has  been  used  to increase

cnlfur-noor seed protein is isolated and 
w h e re  .  g e n e  fo r  a n a tu ra l ly  V ,  c o m p o s „ , on Seed

m o d if ie d  to  e n c o d e  a p m t c m  w M  ^  ^  ^  ^  ^

sp ec if ic  e x p r e s s i o n  o l  incrcase in free m ethionine in seeds  o r

in c re a s e  in f ree  t h r e o n in e  and a
A t ndhn. 1 " 9) 7to b a c c o  ( B a l a s u b r a h m a n y a n  and Loci, a.



Humans depend on plants for most of the vitamins
improve vitamin is important. S° metabolic engineering to

Vitamin E: Tocochromanols (toconhnmic ^

soluble antiotridants and are an essential part f ‘° C° tnen0lS) “  i” POr,ant “pld
an essential pan of the mammalian diet. Oilseeds are

particularly rich in tocochromanols with a n
M a\erage concentration 10-fold higher

than other plant tissues. Tocotriennk arP .eoinenols are the principal form of Vitamin E in the
seed endosperm of cereal grmns. TTre cDNAs for homogen,isa.e getanylgetanyl 

transferase (HGGT, were isolated from barley, wheat, and rice. This enzyme 

catalyzes the committed step in the tocolrienol biosynthetic pathway. Expression 

of this enzyme in model plant systems conferred tocolrienol biosynthetic ability 

and resulted in large increases in total Vitamin E content (Cahoon, 2004).

V ita m in  C:

Humans cannot synthesize vitamin C. It is an antioxidant and precursor for 

several metabolic functions including collagen synthesis. Vitamin C is 

synthesized from L-ascorbic acid Modification of pathway resulted in increased 

level of vitamin C (Agios cl a l . 2003).

Folic acid

Humans depend on plants as a major source of dietary folates Inadequate 

dietary levels of the vitamin folate can lead to megaloblastic anaemia, birth 

defect, impaired cognitive development, and increased nsk of cardiovascular

disease .and cancer '.He h,,,fortification of folate levels in food crops is a iargc, for
, . I'nhtps are synthesized de novo from pterins and para-metabolic enjoncerinp, I mates art sy

, . . nm qiihscaucntlv combined to form d.hydroplcroate.
ammo benzoic acid, which arc si . 1

m i ,  fnlritc Cm* cvclnhvdrola.se-1, which catalyzes the 
the direct precursor to dihydr) CVI,itincic

, n hinwrilhcsis. s a ratc-limilmg step m ptenn synthesis
first committed step in pterin sy • - unregulated

r loin synthesis The expression of an unregulated
in plants and. therefore ,  m 0 ntPrin biosynthesis withi m nlants would increase ptenn biosynthesis witn
bacteria l  O T P  cyc lohydm lase-  ^  Thc f M l  gc„e encoding OTP

a c o n c o m ita n t  enhancem ent o ^  introduced into
i H from Eschcrlc 

cyclohydrolase-1 was cone nation The expression of bacterial

Arahidopsis thallann through pi*™1 ,rnn



G TP c y d o b y d r o la s e - l  in transgenic .

4-fold enhancem ent o f  pterins and fo la te  ”  * 1>250"fold 2~ t0

V ita m in  A : ’ '* * * * " * *  CHossam «  <  2004).^

A successful example is the eenetir •
■ i /n , , 8 neUC of rice in order ,0 enhance its

prontamm A (|3 carotene) and iron content Rir. •.
in its naturally milled form does

not contain p carotene or any of thp immaA- .
' 1 U' e lrnrnediate precursors. The immature rice

endosperm synthesizes the carotenniH nrQP11
eno,d Precursor geranyl diphosphate (GGPP)

which can be converted to |) carotene. This conversion involves the use of 3 

essential enzymes (Fig G) that are not found in rice kernel. Scientists led by Dr. 

Ingo Potrykus were able lo insert the 3 genes encoding these enzymes into the rice 

and modif\ it to propcrh use the enzymes and produce beta-carotene. The three

enzymes are phytoene synthase and lycopene (1 c>'dase from daffodil, and

ph\ toene desatura.se from Erwinia urcdovorci bacterium. The rice grains 

containing ^ carotene are golden or saffron coloured and popularly known as 

izolden rice' Transformant rice seeds were found to contain 1.6 micro grams o f f  

carotene per g seed weight (Ye el ai, 2000).

nri* (J

As
CWOenay. I ' y . r i  Px^.vc (OU1V)

(V I unJrrta OrcHciw » ^
4/

I mein

| lk c iy  ,0 e x p e r i e n c e  iron deficiency since rice 
eople w„h htgh rtce die. are ^  ^  ^  ^  ^  ord|c|„0 . ,ron lhere

mtnins a molecule caller p y increase the iron content of
. jv rrom absorbing n

y depriving the human the rice genome. The first gene encode for
ce, three genes were introduc This enzyme can nlso withstand

. U Krpnks down pm‘nic 
le enzyme phytase, whic



teinperalure and so will no, be denature<j w. .

gene encode for iron storage protein ferritin “ * “  “ °ted' ^  secon
grains. The third gene encode for n ^  " hi°h doubles the iron level in ric

c one protein, which • L • 
cysteine and helps in the iron absomtinn • u m ^  amino aci

m human digestive system (Fig. 7).
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B a s m a t i  R i c e  

G e r e  e n c o d i n g  a  
P r o t a i n  r i c h  I n  c y s t o i n o

Golden Iron Rice

The final golden -  iron strain was engineered by cross breeding the iron rich 

strain with the golden rice to form hybrids that contained all of the new genes.

Rice was also successfully modified in another study to increase its iron content 

by the addition of the soybean ferritin gene to rice genome. The iron content of 

the modified rice seeds was as much as 3 times greater than the original seeds.

pi ds :

Fatty acids arc ihc most abundant form of reduced carbon chains available 

1 nature and have diverse rises ranging from food to mduslnal feedstocks 

is represent a significant renewable source of fatly acids because many 

ies accumulate them in the form of iriacylglyccrol as major storage 

ponenls in seeds With the adven, of plan, transformation technology.

r ,kcrl fallv acids has become possible and transgenic 
bolic engineering of oilseed

c the rlrst successes in design of modified plant 
oils represen. son* ^  ^ ^  ^  ^  specjfic

nets Directed gen ^  01|sced crop5. In addition, transfer of

ring of common atty aci noncommercinl plants has allowed the
I rn*,„ nn,r\ hinwnthetic genes fron



production o f  novel oU compositions in oilseed cro

aim to produce seeds higher in oil content 211(1 fotUre endeavors

are healthier for humans, and can serv ^  ^  ^  ^  *** 01016 Stable’ 

commodities (Thelen and Ohlrogge, 2002) ^  & SOUrce of industTiaI

degree o f  unsaturation and modify the chain' “  “ T  ^
genetic engineering (Fig.8). m plants by

T h io e s te r ases  a n d  D e sa tu ra ses in Fatty Acid Synthesis] lZ ! i~

The transgenic sleanc acid variety of canola contains an anliscnse copy of a 

Hra„,ca stearate desa.urasc gene, which inhibits the expression of normal canola 

gene and leads to the accumulation of stearic acid rather than the desa.ura.ion of

stearic acid to olcic acid and .he seed stearate content was increased from a mere 2

, I 1(1 ner cent In another study, seed specific achieved an 
per cent to as high as ‘l’ 1 Pcr ccm

, , m 11 ner ccnl over expression of n specific long-chtun
increase in stearate content to P

r m soybean. Crossing this line will, a Irnnsgcnic line 

tlnoeslera .se  g e n e  rn due to down regulation o f  stearic acid desaturnse
p rod u cin g  ,3  per cent steara e ^  ^  ^  ^  ^  ^  resu||

 —



inhibition and over expression of two

combined effect o f  enhancing stearate^  els r0Specllvely’ Produce themi

P-keto synthase (KAS II) enzvmo
- l -  . » patofti“e to stearate is overexpressed in transgenic Brassica nanus result™ • ..

, , l o m , reSultmS ”  ^ u c e d  seed palmhate levels(K n u tz o n  e (  a / . ,  1 9 9 2 )

■me first non food products o f plan, genellc ^  _ dal

p ro d u c t io n  o f  rape se e d  plan, variety Launcid that was modified to produce lauric 

acid, a 12 ca rb o n  fatty acid used to make soaps and detergents. O ne gene was 

in tro d u ced  from  C alifornia bay tree. Thai gene shut o f f  fatty acid synthesis after 

12 carb o n s  rather than allow ing the acids to grow  to 18-carbon length normal for 

the plant

Y L in o le ic  acid  (G L A ) is the first intermediate in the bioconversion o f  linoleic acid 

to a ra ch id o n ic  acid  G L A  is important in alleviating hyperchholestromia and 

m any co ro n a ry  heart d iseases  It is not produced in oilseed crops. This conversion  

is ca ta ly ze d  by 06 desaturase and the gene encoding this enzym e has been cloned 

from  Sync choc vs It v C onstitutive expression o f  this gene in transgenic tobacco  

resu lted  in the p rod u ction  o f  G LA (Reddy and Thomas, 1996). R ecen th , this 

desat u rase  g e n e  has been cloned from filamentous fungi Morticrella alpina and 

b o ra re  transferred  to canola and tobacco respectively (Sayanova cl al., 1997;
■ D

K n u tzon  cl a l , 199K)

B. Mo<lifir:iti»n o f  terpenoid biosynthesis:
I, ,I|VC„ C | ,ro„p o f  com pounds, that play essential role 

T e r p e n o id s  are a chem ically diverse L
n i,I,, (sterol), electron transports (ubiquinone, 

in m aintain ing m em brane fluu , , . n nn(i ,i.c
\ Mivcosvlation or proteins (dolichol) and the

m en a q u in o n e  and plastoqum o . . l)QXx ^  jncreacjnc
, rM rroskil and Croteau, 1998) l lie increasing

regu la tion  o f  cellular d evelopm cn  ^  runcl.ons o f  terpenoid

k n o w le d g e  o f  lerpenoid  osyn  lcrpcnoid excellent target for

c o m p o u n d  h a v e  nv .de .h e  b iosynlhel.c p a ^ y

 /n nh lm ann  cl cil. 1998)
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Plants have hf**n
estimated to cnii

30.000 different terpenoids, of which ectlvely s>nthesize more than

manufacture o f  foods, industrial compounT'LH^'u US6M appli“ Uons “  lhe

synthesized from the condensation, in a head . ”, a™aCeUtiCals TerPenoids ^
10n' m ahead ‘° latl fashion, of 5-carbon isoprene 

(or hemiterpene) units. Major terpenoid classes in,, a
delude mono-, sesqui-, and

diterpenes, which are mostly secondary metahohtes, as we,, as tri- and

tetraterpenes. which are general* prinvuy metabolites. Thts large family of
compounds includes essential molecules c.,m, ™ •,such as carotenoids, gibberellins,
abscissic acid and brassinosteroids stemk -mrt i  ̂ i L • ,iciuius, sierois, and the phytol chains of chlorophylls,
tocopherols. and quinones

Lnlil reccntl), it was thought that the synthesis of terpenoids in 

higher plants was b\ a cytosolic route that is derived from mevalonate. However, 

during the past few years it has become clear that plants also use a parallel plastid

pathway that converts pyruvate and glyceraldehyde3- phosphate to l-

deoxvxvulose^-phosphate (DXP), which is metabolized in a series of steps to 

isopentenvl diphosphate and dimclhylallyl diphosphate the common precursors of 

all terpenoids This latter pathway, termed the DXPS pathway, is prevalent in 

bacteria but has not been found in fungi or most animals. Plants use the 

mevalonale-dependent pathway to synthesize sesquiterpenes and triterpenes. 

whereas other major terpenoids derive from the DXPS pathway (Lichtenthaler.

V The g e n e  encoding the first step enzyme l-deoxy-D-xvlulosc-5-phosphate 

synthase (DXPS) has been consti.utively over expressed in bacteria and 

AroM„Pu< In both cases, increased enzyme activity caused an .ncrease m

accurrada f *  strcant.crpcnotds. indtca.tng tha, DXPS ■ rare fin ,

,n mint. „ ,s thought that essenttal oil mono.erpenes, winch accumulate ,n
I o from the DXPS pathway M a h m o u d  a n d  Croteau

+ * *    ^  dT  ' hid previously tsola.ed, encodtng deoxyxylulosc
(2001, exploded a gene that • ^  ^  o x p  (o 2_( ,

phosphate rcductnisomerase ^ ^  ^  comnllHC(| Mep in lhe DXPS

methylerythritoM-phosphale, an „ slrong constitutive promoter

pathway of terpenoid biosynthesis ^  modified DXR gene inlo peppermint

for the DXR promoter, and introduce



puiuio. m s, iw u u  was striking; M

control plants, with increases o f  up

C. Metabolic engineering for biosynthesi

Isoflavonoids are distributed Dredomimn.u • ,
I l t ri r ’ m e^um,n0U5 plants and play critic:roles in plat defence and root nnrt,.i„.- . M

root nodulation. A cytochrome P450 (P450) 2
hydroxyisoflavanone synthase is the L-^

■ 15 the key enzyme in their biosynthesis
Isoflavanones are synthesized from finv™Q

,lavone> nanngemn and liquitergenin. So b
engineering key enzyme, ,o non legummous plants would provide foe 

manufactures an alternative to legumes (Dixon and Stele, 1999).
v . '

D. E n g in eer in g  herbicide tolerance in plants:

Approximately 10 per cent of global production is lost through weed 

infestation every year In addition many herbicides do not discriminate weeds 

from crop plants, manv must he applied before the weeds take hold and some 

persist in the environment The creation of herbicide resistant crop plants is one 

wav to overcome some of these drawbacks. Herbicide tolerant plant ma) reduce 

Ihc need fur ullage to control weeds, thereby effectively reducing soil erosion 

One herbicide is N- phosphonomcdiyl glvcine commonly referred lo as 

Glyphosnle I, „  a non-sdcclivc. non-res,dual herbicide wbh agncuhurat

horticultural forestry and domestic applications.
The herbicide glyphosnle nets as an inhibitor of 5-cnol pyravyl

,i „ fPPSPS) which is an enzyme in the shikimale 
shikimate- 1 - phosphate synthase (U M V-, in rn the synthesis o f  aromatic ammo acids both 
pathway and plays no importao phophocnol pynlvnt (PEP)

, n  h a c t e n a  . a n d  p l a n t s  T h , S  ^  ^  ,  c n o |  ^  s h i k i m n l c  3  p h o s p h a t e

a n d  3- p h o p h o  s h i k i m i c  n e i r  ( .  - b j o s y n t h r a i s  o f  n r o m a l i c  a m i n o  n e i d s

( E P S P )  t h a t  i s  t h e  p re c u rso r  o r  v i t Q n l j „ s  a n d  many s e c o n d a r y

t t r v n f o n l i a n .  p h e n y l a l a n i n e ,  t y r o  s i n



metabolites. .As
****wu s o matic ami 

synthesis is disrupted resulting ultimaleh, • ° 30 biosymhesls. protein
1995) y m ^  P l a n , ’ s  de=ah (Dekker and Duke. /
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Till date , tw o  a p p ro a ch es  have already been used to construct plants that 

con tribu te  to  r e s is ta n ce  to glyphosate.

1 By expressing genes of glyphosate tolerant E PSPS: Over expression o f  

E P S P S  g e n e  in tran sgen ic  plants results in the production o f  more EPSPS enzym e, 

thereby e n h a n c in g  their tolerance to glyphosate. Out o f  the isolated EPSPS, the 

on e that has e v o lv e d  over  a billion years with wild type or higher afGnit) towards 

PEP w a s  the best so lu tio n . Such an enzyme was CP4 EPSPS from Agrobactcrium 

sp strain CfM T h is  g e n e  lias been used to obtain transgenic glyphosate tolerant

so y b ea n , c o t to n  e tc

2 By e s p r c s s in g  g lyphosn .c  oxidorcdnctasc (GOX) gene in .he plants:

G en es  for o n /v m c s  in vo lved  in glyphosate metabolism arc abundant ... soil

r - n v  n tn lv scs  the cleavage o f  the C-N bond o f  
m icrob es The e n z y m e  G O X , ‘

. , . .i nhosphonic acid (A M PA ) and glyoxylate as 
g ly p h o sa te  y ie ld in g  nminnmcthyl phosp

r r  2) GOX was cloned from which uses
reaction products (Fig. 2)- G

i nhnsatc as carbon or phosphorus source
GOX en/rvrnc for using glyphosate as



Ami ^
'AMPA)

: ^  - Uhf.

The target ot ghphosate action in the plants, the EPSPS enzyme is located in the 

chJoroplast The expression ofgox gene may augment glyphosate tolerance if the 

GOX protein could be delivered into the chloroplast. Crop plants tolerant to 

ghphosate were produced by stably inserting both the CP4 EPSPS and gox genes 

mto their chromosomes Several examples of plants engineered with 

Agrobacfcrmm EPSPS and GOX that have received regulatory' approval for 

commercial use include canola in Canada and Japan and com in USA (Dekker 

and Duke, ]')(J5)

E. E n g in eer in g  for increasing shelf  life of fruits:

A major problem in Ihc fruit marketing is the premature opening and sotlcning 

during transport These changes are part ornatural ageing process of frail The 

understanding of b,ochemtc.nl and physiological basis of fra,I ripening has helped 

in engineering iorrvdnm with mere.nsed shelf life. The following ,wo approaches

can he used to develop plants nvtlh longer shelf
.  E n g in e e r in g  .he genes involved tn ethylene production: The pl.nn,

growth regulator ethylene induces .he expression of a number of genes that are
Elhylen0 is derived from nntrno octd L

in v o lv e d  in fruit ripening ond s
F o /caM ) and 1- aminocyclo propane-1-

methionine via S- ndenosyl meihtontne (SAM).



carboxylic ac,d (ACC). The latler aep  ,

oxidized by ACC oxidase to ethylene anH r S ^  ACC ACC i
- formic acid (Fig 3)

'  A < W - a :  C 0 Q H

U  " ^ 'ai 2-('i'J-C-N!|! S-,\,
AC r vyritlwxc ;

rig. 3

i
II

C(K>
AC l’ ( ACC dcdfninsxc

'T - C:|,
A(

. COj-NII.-IICiXW

f-'SJ.- C ll, C ii. j- c o o n  

O
n-Kc'nr»utv.t.h:

•V:u Ak C*j -m-in.yrjc?rtv» ran* *c.t

The transgenic plants that have been engineered to contain antisense RNA 

versions of either ACC synthase or ACC oxidase enzymes, whose activities are 

essential to plant’s synthesis of ethylene, have much lower than normal levels of 

ethylene Therefore the fruit that is produced by those plants has an extended 

storage life

Another way of reducing ethylene production is to over express foreign genes for

S- adenosv 1 methionine hvdrolase (SAMase) or ACC deaminase, which deplete* y

plant cells of the required precursors of ethylene. The gene for enzyme ACC 

deaminase was isolated from a soil bacterium, fused to 35S promoter front CaMV 

and expressed ,n tomato plants The transgenic plants synthesized a lower level of 

ethylene lhan .ltd normal plants, and again the fruit of.be transgenic plants had a

s i g n i f i c a n t l y  l o n g e r  s h c i r h f c  ( f i t a y  d a l . ,  1 D 2 )

.  R e d u c t io n  in polygalacturonase activity by Antisense gene expression:

Some of the genes tha. ate induced during ripening encode the enzynv ce.lulase

and polygalacturonase (Fig 4) By W earing with the express,on of one or more

of these genes, ripening can be delay c



k
.  Po**Tyilac!umai-

Changci in Cell v , n  
Slnaciunl Com oon^N

Transgenic lomato planls with single or multiple copies of the polygalacturonase 

cDNA inserted in the Anltsense orientation were constnicted, and in many such 

plants the expression of major isoenzyme was suppressed by over 90 per cent. PG 

Antisense plants were shown to contain reduced levels of PG mRNA and enzyme 

activity The effect was demonstrated to be due to post transcriptional degradation 

of PG mRNA in cells in which the endogenous gene and antisense genes were 

both transcribed i e in ripening fruit In these plants fruit softening was delayed 

and modified, but not eliminated, indicating the participation of other enzymes,

and probably the importance or other cell wall structural components in the

softening process Flavr Savr is one such genetically engineered tomato

F. D e v e lo p m e n t  o f  s a l t  to le ra n t p lan ts  by m e tab o lic

e n g in e e r in g :
-T- , r  I I.i.niic nf silinitv many plants synthesize low molecularTo proliferate under conditions 01 saimuv. ) i

I n'litrli rirr collectively called osmoproteclants These weight nontoxie compounds, which arc concern >
, .1 ...nr .intake and rctension and also protect and

com p ou n d s facilitate both water J
. \nr from damage bv high salt levels Some well-stahili/e cellular m a c r o i n o l c c u l c s  from aamag .

i u  dinars alcohols, proline, and qunlemary
known osmoprolcctanls include sugars.

.  ■ n » »  _  ^  p|„ ,  , „ i0  „  „  ,

metabolic engineering ol h!tclcri0 and planls. In planls like
— .1_____i rhnlme in two step.



P ' * Wnverted to betaine
monooxygenase and then to betaine by betain ^  enzyme ^ l i n e

[n bactena such as E coli, both these 6 deh>’dr°genase (BADH).

choline dehydrogenase (Fig. 10) Therefo ? ^  ^  ̂ e same enz>rmer

researchers have used the E coli b ^ & 01016 ^  t0*erant tobacco’

dehydrogenase. In laboratory' tests tnh ge00, WHlCh enC° des cholme
ory tests, tobacco plants expressing K coli be, A gene

were upto 80per cent more tolerant of a high (i e 300 mMt n •
V e. JUO mM) salt concentration than

were non transformed tobacco plants (Nuccio el al„ 1999)
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M o le c u la r  farm ing:

Genetic engineering of plants to produce totally new-use, non-food products, such 

it. hiopharmaceuticals, industrial enzymes and bioorgnnic compounds is called 

molecular fawning Most of the products will be derived from a.mosphcnc C 0 2

and biodegradable biomass

Eg I Bin pins tics -poly hydroxy alknnoatcs in plants
1 1 cnrfnrtnnt since it provides balanced solubility inEg 2 I,auric acid is an ideal surfactant since ,

r nnvirnnments Seeds of California bay tree, 
both aqueous and n o n a q u c o u s

.hncp maior component is laurnte. possess high levels 
Umhclhilaria califarnica, \v . Apn rrnm cPCtt̂

T h io e s terase cDNA specific to lauroyl-ACP from seeds
of 12 O-AC P Ihioeslerns ^ ^  contro| 0r nn early seed specific 

of If California! was « P J ^ ^  cml0|a  The transgenic seeds in field

promoter in transgenic ra^  up|0 45per ccn, j,, canola

Inals, find uplo 25 per cenl laurate 1



Commercial cultivation o f the

Georgia, USA and sale of the nil iv ° °V0T ^usands  of acres in
uu uom  harvested seeH h*

industries, represents a good pv CaIgene Inc. to the soap

in

example 
(Murphy, 1996). y

Industrial applications o f metabolic engineering:

Polyhyd roxyalkanoatc (PHA): * .  class of biopolymers accumu|ated .

intracellular granules by many envirormren.al Aerobes for lhe storage of carbon 

and reducing power. These compounds have received considerable interest 

because they have properties similar to common thermoplastics and elastomers, 

making them a potential source of biodegradable plastics that are produced 

biologically from renewable resources. The copolymer poly (3-hy'droxybutyTate- 

co-3-hydroxyvalerate) fPHBV) was produced commercially under the trade name 

Biopol TM by IC1 and then Zeneca Bio Products. By varying the composition of 

the copolymer ( c  g  . amount of 3-hydroxyvalerate (ITV) in the polymer), one can 

varv the polymer properties. However, in industrial processes, copolymer 

composition was controlled by varying the ratio of glucose to propionate in the

medium, increasing the cost of the polymer.

Aider and Keasling (2001) metabolically engineered a pathway to produce 

poly O-hydroxyhutyrate-co-3-hydroxyvaIeralc) (PHBV). a biodegradable

thermoplastic wt.b proven commercial applicalions, from a single, unrelated
, r-x’cinm was developed in which a prpC strain of enrhon source An expression system was cilwuuj

hinmrium mutant in the ability to metabolize 
S a lm o n e lla  en ter  lu t  svrnwtr typhlmunum.

i , iIm host for a plasmid harboring the Acmetobacter 
propionyl-f oA. served as the

rr,n /„ |n nC A ) and a second plasmid with E.
polyhydroxvalknnnnte synthesis opcro (| ‘

, n independent promoter. These two genes encode a

-  -  - ;nT  " T  - I  -
   « « , <  » * » * .  » ™ « ” r r A

decarboxylase, respective >. |̂o 3.ivdroxyvn]erote (I IV). The 5.

cycle, to propionyl-foA, an ^  s|gnjficnn| h v  incorporation when

enierlca system accumulate



g ro w n  a e ro b ic a lh— ■ -- £*>ceroi as the sole carbo 
the average HV fraction in th* ° S0UrCe' 11 was Possible to vary

U1 me copolymer bv d-
cyanocobalamin (precursor to coerm n " " JUStmg the ^abinose or

12) COncenlrations in the medium.

Isoprenoid biosynthesis:

Isoprenoids are among the most
■ t • , • i erse groups of compounds synthesized
by biological systems and are imnnHo , ■ 

m maintaining membrane fluidity, 
electron transport, protein prenylation, cedular and org^snral development, as 

Iragrances and essenttal oils, and as antibactenal and an.ifungal agents. Recently 

many o f  the genes responsible for isoprenoid synthesis have been cloned from 

planls and microorganisms, and many of these genes can be expressed in 

functional form in Escherichia coli and other microorganisms (Martin et al., 
2001 )

Production of blue dye Indigo:

Cloning of a single gene from Pseudomonas putida, that encodes naphthalene 

deoxygenasc. resulted in the generation of an E. coli. Strain able to synthesise 

indigo in a medium containing tryptophan A fermentation process was 

developed for production of indigo from glucose using recombinant Escherichia 
toll This was achieved by modifying the tryptophan pathway to cause high-level 

indole production and adding the Pseudomonas putida genes encoding 

naphthalene d,oxygenase (NDO). In comparison lo a iryplophan-ovcr-producing

strain, the Hr,I mdigo-prodncing strain made less than half of the expected amount
,■ „r ilir* first en /vm c o f  aromatic biosynthesis, 3- o f  in d ig o  S e v e r e  inactivation ol me nrsi ui/.vi

. 7 nimcninie (DAIIP) synthase (the aroGfbr genedeoxv-D-arabmo-hcplulusonatc 7-phospnaic u ; .
, . m c c ||cj c o l l e c t e d  Irom indigo fermentations Subsequent

p rod u ct) , w a s  o b serv ed  in cen.
,pfi l fn , DAMP svntlia.se was inactivated bv exposure toin vitro ex p er im en ts  revealed that d a m

i mnvrrsion of indoxyl to indigo. Indigo production was 
the spontaneous chem ical con

P . „ lhn nene dosage of aroGlbr or by increasing
,hereaner improved bv t n c r n ^  ^  ^  ^  ^  ^  „,c (k|A

substrate availability to nvruvatc kinase Bv
m activating  both isozymes o f  py ruva te  Kinase, m

(transketolase) gene or in- . nAJIp formation in the cell, a 60per
combining nil Mrree s.ra.cgics for enhnncmg



cent increase in mdigo production was achieved Metabolic •
further applied to eliminate a byproduct of p e e r i n g  was then
tn indigo th°rebv ^K-mr, & sP°ntaneous conversion of indoxvlto indigo, imreoy solvmg a senous problem .u
, j  i • ^  ° f  bio-indigo in the final
denim dyemg application (Berry e/a/.. 2002) /

V

Conclusion:

The interest in metabolic engineering is stimulated by potential commercial 

applications where impro\ed methods for developing strains which can increase 

production of useful metabolites. Recent endeavors have focused on using 

biologically den\ed processes as alternatives to chemical processes. Such 

manufacturing processes pursue goals related to "sustainable developments" and 

"green chcmistrv" as well as positioning companies to exploit advances in the 

biotechnology field Some examples of these new processes include tire microbial 

production of indigo (Genencor) and propylene glycol (DuPont) and others 

involve improvements in the more traditional areas of antibiotic, and amino acid 

production by a large number of firms The extension of metabolic engineering to 

production of desired compounds in plant tissues and to provide better 

understanding of genetically determined human metabolic disorders broadens the 

interest in this field beyond the fermentation industry and bodes well for Us future

importance



,. What is the difference between molecular fanning and metabolic engineering?

A. Molecular farming can be done using metabolic engineering and genetic 

engineering. Metabolic engineering is a part of genetic engineering; it is more 

complex than genetic engineering.

2 .How bio informatics tools can be utilized in metabolic engineering?

A  Bioinformatics can be used to analyze the metabolic pathway.

3.Can metabolic engineering be utilized for imparling insect resistance in plants?

A  Metabolic engineering of terpenoids and other plant compounds are reported to 

impart insect resistance

4 What is the disadvantage of creating herbicide tolerant plants?

A There may be a super weed that is having resistance to the herbicide due to

horizontal transfer of genes.
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ABSTRACT

Manipulation of biosynthetic pathways m ,
opportunities for plant biochemists a a ° ffer a number of exciting
at redesigning plant metabolism towaiT b'° l0giStS ™ s P"™”11?
products for the sake of ^  ^
g e n e r a t io n  tran sgen ics . R ecent advances in ™  ^  P'atf° ™  ° f  second

molecular biology techniques,
- h o d s  and mathematical tools have led to grown* m,crest in using

m eta b o lic  en g in eer in g  to redirect the flow through metabolic pathways for 

industrial and  m ed ica l purposes.

Metabolic engineering is generally defined as the targeted and purposeful 

alteration of metabolic pathways found in an organism in order to better understand 

and utilize cellular pathways for chemical transformation, energy transduction, and 

supra molecular assembly (Lessard, 1996.) This multidisciplinary field draws 

principles from chemical engineering, computational sciences, biochemistry and 

molecular biology. In essence, metabolic engineering is the application of 

engineering principles of design and analysis to the metabolic pathways in order to 

achieve a particular goal such as the enhancement of process productivity, the 

extension of metabolic capability by the addition of extrinsic activities for chemical 

production or degradation etc Amino acids, vitamins, biopolymers, industrial 

chemicals and chemical budding blocks can be synthesized via metabolic

engineering

Previous strategies e m p l o y e d  in metabolic engineering seemed ,o he more
i l r :-l nnrj c r ro i  L a t e r  it w a s  c h a n g e d  to  a  

o f  a n  a r t  w i t h  e x p e r i m e n t a t i o n  try trial and

accomplishment in the metai 

nutritional value of rice crop bas been achieve



Humans depend on plants as a

dietary levels o f  vitamin folate can lead 7  S0UFCe ^  ^  * * * * ' badeq^ C
. . . .  0 n^gatoblastic anaemia, cancer and

cardiovascular diseases. Tareet nf u
metabolic engineering is biofortification of

folate level in plants. Folates arp j  j
syn esized de novo from pterins and para-

ammo benzoic acid, which are subsequently combined to form dihydropteroate, 

the direct precursor to dihydrofolate. The folE gene encoding for GTP 

cydohydrolase-1 (enzyme which catalyses flrst committed step in pterin 

synthesis) was cloned from E.coli into Arabidopsis thaliana through plant

transformation. The expression of bacterial GTP cyclohydrolase-1 in transgenic 

Arabidopsis resulted in a l,250fold and 2 to 4 fold enhancement of pterins and 

folates respectively. These results helped to identify other potential factors 

regulating folate synthesis; suggesting ways to further enhance folate levels in 

food crops

The interest in metabolic engineering is stimulated by potential 

commercial applications where improved methods for developing strains which 

can increase production of useful metabolites Recent endeavors have focused on 

using biologically derived processes as alternatives to chemical processes Such 

manufacturing processes pursue goals related to "sustainable developments" and 

"green chem is try"  as well as positioning companies to exploit advances m the

biotechnology field



EDIBLE VACCINES ^

NISHA.G

(2004-11-10)

M -Sc. Agri. Plant biotechnology

S E M I N A R  R E P O R T

(PRESEN TED On 29-10-2005  

IN P A R T IA L  FU L FIL L M E N T  FOR R EQ UIREM ENT OF THE

CO U RSE NO. PBT-651)

C E N T R E  FOR P L A N T  B IO T E C H N O L O G Y  AND M O L E C U L A R  BIOLOGY

C O L L E G E  OF H O RTICU LTU RE  

K E R A L A  A G R IC U L T U R A L  UNIVERSITY

VELLANIKKARA THRISSUR-680656

KERALA



DECLARATION

Nisha.G. (2004-11-10) hereby declare that the seminar entitled 

Edible vaccines have been prepared by me, after going through various references 

cited at the end and has not been copied from any of my fellow students.

Vellamkkara Nisha,G.

Date 26-1 1 -2005 2004-11 -10



j t

CERTIFICATE

This is to certify that the seminar report titled “EDffilLE VACCINES” has 

been solely prepared by Ms. NishaG (2004 -  11 -  10), under my guidance, and has not 

been copied from any seniors, juniors or fellow student’s seminar reports.

* . , 7 ) ,

Vellanikkara 

Date

Dr.D.Girija 

Major advisor 

Assistant professor 

CPBMB



4

INDEX

SI. No 
1

Contents -------------- —
Introduction Page No 

5
2 History' of vaccination 5
3 Edible vaccines " 7
4 Advantages of edible vaccines 8
5 Mechanism of induction of immunity 9
6 Development of edible vaccines 9
7 Successful stories 14
S Animal experiments 15
9 Clinical trials 16
10 Issues and concerns 19
1 1 Strategies 22

1 2
Conclusion 23

13 References 24

14 Discussion 26

15 Abstract 27



Humans have always had a great fasc 
the scientific explanation for ^ h o n  with the world around them and

or tne phenomena that affert r
have plagued man since his origin, and Disease and sickness

contracted ailment. As humans proeressIT  "T  T"**  S°USh'  3 ^  “  rem6dy ^

diseases, the idea arose “What if „ e «  "  • T *  * *  "  f° F
tr nt' f»v, a-  ̂ treat but prevent thecontraction o f  the disease altogether”? Thin ,4 , j

. 1 ea led to the discovery of vaccines, which
revolutionized the medical health care system.

H isto ry  o f vaccination

Some Indian Buddhists drank snake venom in the 7th century in an attempt to 

become immune to its effect. They may have been inducing toxoid like immunity. The 

ancient practice of \ariolation by Chinese for preventing natural small pox by 

inoculating pus from small pox patients was introduced in England in early eighteenth 

century

Edward Jenner laid the first mile stone in vaccination in 1796 with a 

svstematic, successful attempt at eradication of small pox. Subsequently Louis Pasteur 

accidentally observed that chicken cholera bacillus cultures left on the bench for two 

weeks lost their palhogenisity and retained the ability to protect birds against 

subsequent infection by them lead lo discover)' of process or attenuation and the

development of live vaccines
In 1885 Pasteur developed first Rabies vaccine successfully providing

attenuated germs when tnjected into the body confers immunity against die disease. 

Pasteur is one of Ore proneers in Ore field of vaccinology and „ was he who

corned the term for v a c c in a ,ton for such prophylactic measures
' The weakened form of small pox was called a 'vaccine' from vacca. the Lattn

, „uj, pasteur who suggested that all lhe inoculation 
word for 'cow ' subsequently J

,o he called vacant. - I" Honor Edward .leaner



Y ear

1721

1896

1897 

1923

Disease

Small pox
Small pox 
Rabies 
Typhoid fever
Cholera 

Plague 

Diphtheria

Vaccine 

‘Naturally attenuated

virus

cow pox virus

A ttenuated liveand lnactivated  vi

Inactivated intact bacteria 

Inactivated intact bacteria 

Inactivated intact bacteria 

Partially purified formalin toxoid
1926 Pertussis Inactivated intact bacteria
1927 Tuberculosis Live attenuated BCG strain
1955 Polio Inactivated virus IPV “Salk”
1961 Polio Live attenuated virus OPV “Sabin”

1963 Measles Inactivated and live attenuated virus 1

1974 Japanese encephalitis Inactivated virus

1976 Rabies Tissue culture inactivated virus |

1981 1 Icpatitis B Inactivated plasma derived 1

1986
♦------ ------- —■ -----------------------------—

1 Icpatitis B Inactivated, Recombinant virus 1

How do vaccines work?
-IV  orlianlsms .hat cause a disease or materials produced from rhcse organ,sms

are weakened or kdlcd and then made in,, vaccines These vaccnes are iigec.cdrnio rhe

body nr arc taken nrally Tire body reacts by making disease fighung called antrbo ,es,
i n\ apmnsl the disease for a long time, often for a 

vvhrch hudd up m .he svx.cn, am ^  ^  dcfoM, iwd f  agams, a particular disease.

lifetime Thus immuiima lon ^  ^  m,raclcs in lhc figh, agams. infection

VnCC,n7 n ™  nr lhc modem medicines grea.es. success stories. They have 
diseases I. stands as one ^  ^  ^  ^  ^  ^  0y ^  ^  1990 s an

consigned small pox to history ^  wor|d’s children against 6 devastating diseases 

international campaign to immumze ^  ^  reducing the annual death toll

was reportedly reaching only 80% o j  ^  ^  ^  cW,dren die

from this infeclinn hy roughly 8 m  10



developing countries each vpnr
>6ar froin A c t io n  diseases th , ,vaccine. that could be prevented with

Therefore developing an inexpensive and h, 
the major objective o f vaccinologists ^  transportable vaccine has beer

In addition, developing safe vaccines hac h
vaccine research rinrp 60 another important object iivaccme research since conventional vaccine,

t having viable attenuated microbia
components pause small risk t0 worW ^  ^  ^  ^  ^

today favour subumt vacctnes that contain primarily the antigenic epitopes fron 

pathogen as vaccme component instead the whole attenuated live or killed pathogen 1, 

the vaccme Then antigenic epitopes have no way of establishing an infection but ofTe 

protecuon against infectious pathogens. However, producing this subunit vaccine i 

expensive currently because they are biotechnology produced using the cultures o 

microorganism At the end user the use of syringes and needles add to the cost o 

vaccine dose

There fore a need for a new technology for the production and deliver 

of safe and less expensive vaccines has lead the researchers to attempt the expression 01 

vaccination components in plants that are consumed as food This new technology is 

called edible vaccine technology. (Sivanandham and Vani. 2004)

W hat arc  edible vaccines?
I h e  c o n c ep t  o f  ed ib le  vaccine is lo endow  planls wid, (he genetic abtltty to

, nnrmnllv nresent on the surface of various infection synthesize protein as antigen normal > p
d is e a s e  agen ts  A n  animal or human ingesting antigen as foreign and mount an immune

re sp o n se s  that w o u ld  protect against infection by pathogen.

In lhc car ,y I u u t f s  the potential o f  das concep! was .announced to the world a.

Iarge r ..induction  o f  ed.lilc vaccines com es a surface protern from
T h e  fu st  report o f  pr ^  ^  ^  ^  ^  ^  ^  1 9 9 0 . in ,he

vrreploeoca,'  m to b a c co  a ^ |n ,cm aljona| Paten, Corporation Treaty

form  o f  a patent application un slICCCssful report o f  expression or
a hie croup annouriLcu 

ln  „ 9 2  A rtzcn and , obflCco.Dr.Charlcs Arnt/en is the pioneer

scientist in the field o f  edib le vaccines.
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the need for

organs such as seeds are ftequemly stab|e ^

refrigeranon during transport and storage °m ' emperatUre el'™naling

Delivery o f  multiple antigffls pbfflts ^  

one transgene allowing delivery of multi 1 caPacity to express more than

Reduce dependence on foreign supply6 

Anugen protection through bioencapsulation
Subunit vaccine mpnne ,

■ • i Proved safety. Unlike live attenuated vaccines plant
derived vaccines are submit vaccine, Th~, ♦ •

. . .  - contain only a small part of the pathogen
and are unable to establish an infprhn„ tt,- n-

- This offers additional level of vaccine safety.
Integration with other vaccine approaches.

M echanism of the induction of immunity by edible vaccines

The major mechanism oi the induction of immunity by edible vaccines is the 

induction o f mucosal immune system although the induction of systemic immune 

system exists to certain degree. The induction of mucosal immunity with this tvpe of 

vaccination involves using of antigens that stimulate the mucosal immune system 

components known as M cells that are present in the intestinal liming. M cells take the 

antigens that have entered the small intestine and pass them to other cells of the immune 

system, such as antigen presenting cells (APCs) including macrophages and 

macrophage derived dendritic cells. Then APCs process these antigens and display the 

resulting protein fragments on tire cell surface. B cells are stimulated by tire native 

antigenic protein as well as M cell - processed proteins. Helper T cells are stimulated by 

APCs to produce helper cytokines for the proliferation or tire stimulated T and B cells. 

The plasma cells derived bv the B ceil stimulation lb rough the above method produce 

ant men - spec,tic membrane and sucre,aty antibodies. Some of the stimulated B cells 

are  ............... cells Some of the tn.es,me processed antigens go, into

,1 nrucl the other immune priming system such as lymph nodes, 
blood circulation and targci

jc immunity resulting in the production of IgG types 
spleen etc to drive a good systemic

antibodies

Development nf Edible vaccines voccination begins by selecting a suilable

^ P r " c - 0fdCVClr :  : C e s o r , h e c . d i d a , e mtiBen genes arc 
vaccme antigen of a pathogen



Diseases 

enteric diarrhoea
Cholera

presented in the table.
Genes

I.E. coli heat labile enteroto^nBl̂ b
2. Cholera toxin B sub
3. Norwalk virus capsid protein (NV-CP)

4. Hepatitis B virus surface antigen (HBs 
Ag)
5. Hepatitis C antigen Gene
6 Rabies virus G protein

7 Measles hemagglutenin gene

8 Rota virus VP7

9. HPV major capsid protein L

N orwalk virus enteric diarrhoea 

Hepatitis B

Hepatitis C 

Rabies

Measles 

Rota virus diarrhoea

Human cervical cancer

1U 83 KDa protein antigen Anthrax

11 RSV fusion protein Respiratory disease with respirator.’ 

syncytial virus

12 VPI gun Foot and mouth disease

Antigens - considerations

1 ) Is the antigen safe and non-palhogenic in all circumstances?

2) Can the antigen induce protection immune response?

1) Is the antigen suitable for expression in plant?

W ',y ''^Vaccines made from phuds are safe due to absence of contanunanon w„h
, nc dial could be present in vaccine expressed in animals or 

animal pathogen or oxi pr0(]ucc plentiful biomass on an

-  * ™  -  -agricultural and mdustr. sc ^  ^  ^  ^  ^  ^  ^  ^  required today ,or

Vaccines made from plants vvou  ̂ ^  ndmimstration as an alternative
conservation and distribution, wluc. cnu

to intravenous injection ^  materials containing antigen nre the supeiioi
On Ihe oilier hand transgenic p ^  |nJcct|on of antigen Reports

mean of both inducing a primary ^  m  ,mmune effector's site in the gul

indicnied that plant cell ^ " o d l e s  |ong lasting secondary immune response 

known as payer's patches II s0 P



because
proteins to provide huge quantities; f  ^  Resize and assemble large amount of

of a given region. Because many food 1 Y USi"S ^  standard growing methods

potentially be produced indefinitely ^ 1̂ ^  T  ^  regenerated rcadUy' the cr0Ps could

o ,  : r r  -  -
material is used drrectly for vaccination. "  ■" eXPe"SiVe * “  'he ^

oping transgenic plants that can express the antigenic proteins will 
eliminate the need for fermentation facilities. 

If an edible plant is used to produce a vaccine purification to remove host 
toxins should not be necessary.

Choice of plant species for vaccine delivery?

1 Is it able to be eaten raw and unprocessed?

2 Is it suitable for infants?

3 Can it be widely and easily grown?

4 Can it be easily stored? Is it resistant to spoiling?

5 Is it amenable to transformation and regeneration?

6 The plants must have short duration (Prakash, 1996)

S UlUTABLE CROPS
Some of the plants under study to host vaccines include banana, potato and tomato 

(Ran, 2003)

Banana

A d v a n ta g e s

, Mori Hard wo,Id countries, which would bench! mos, from edible vaccination 

in tropical clunalc that are suitable for growing bananas 

2 They arc sterile, genes do not pass from banana to banana.

.3 Also it is appealing to chl'drC" _  nce Uia, necd to be cooked
„ They can be eaten row as compared to

. ho rnnsumed in pure form.
5 Bananas can also be c

Limitations . ■
Fruits spoil fairly rapidly after np

. fmit bearing period.
2 Also it has got a [QTm{ion work.
3 Difficult to perform



4. Fruits are difficult to transport and storage
Potato ^

Advantages

1. M any  potato cultivarc are pollen aeriie i,

fro m  this crop can be easier to m • ■ madvertent n ° wv uc easier to mimmize.
2. They are easily grot™ tttbiou, technologies „  ,acking jn under d 

countnes.
3. It is easily propagated from eyes.

4. Can be stored for longer penods. They do not require refrigeration 
Limitation

l.Poor palatability of raw potato. Heating denatures protein.

Tom ato

Advantages

1 Most commercial cultivars are self-pollinated in nature; the subject of 

inadvertent gun escape is reduced to certain extent.

2 Tomato is quite versatile and can be processed into many different products It is

easilv transformed*

3 It grows faster
4 Presence of vilamin A  helps in die transcription or antibody genes.

L im ita t io n s

1 Difficult to storage and transport (Mor cl al., 1 W8)

2 They spoil in couple of days.

M ai/e.

Advantages duc (0 |ow moisture contc„,
| They can  be preserved for longer,

2 Cost o f  production  is low

3 It is easy to transport
4 High protein content in edible parts

L im ita t io n s  from modified single cell.(Mason and
, „  is difficult to regenerate  p i -

A m l / e n , l d 9 5 )  I



2 T l̂e  Plm ,s  are difficult to handle in H ^

Odter crops - Rtce, Lettuce, Lupine> s

Techniques of development of edible vaa&ies °°
Agrobaaenum mediated

dicots. A general method thp hir.r eniaiiis the method of choice for
• . j - method 15 being used fnrtr cincluding monocots (Sharma et.al 1999; / - ^  transformation of plants

edible vaccination is the construction nf ^  ^  ^  m ^  of creating 311

genes. One gene codes for the vaccine and VeCl°r **  is a P,asmid 'vlth tw°
Thp himrv vp t ^  odler Por antibiotic resistance.

en transferred into a bacterial host usually through soil bacterium
Agrobaaenum .umefacians. This Agrobacterium con.au, a Ti (tumor-inducing) 

plasmid, which can act as a vector in the construction of (ransgenic plants. The Ti 

plasmid IS genetically inactivated so that it is only capable of integrating DNA into the 

hobl cell s genome and it can no longer cause tumor. The general process of making a 

transgenic plant vaccine is briefly described below.

A leaf from the plant that is to be transformed is cut and propagated in tissue 

culture These tissue cultured plant cells are exposed to agrobacteria having Ti plasmid 

coded with an antigen gene. The Ti plasmid in the Agrobacterium randomly integrates 

the encoded gene into the plant’s genome. The plant cells are then exposed to a plate of 

antibiotic for selection Any plant cell that has not been effectively transformed will not 

have the gene for antibiotic resistance; and there fore will die. The plant cells that have 

been transformed with Ti plasmid are allowed to grow into callus that sprout into shoots 

and ronls These calluses are die planted and they grow as transgenic plants Ural yield

lhc desired fund produci with die vaccine components in .1
Another step is engineering (issue specific pron.olcrs in planls so dial the

,an.,gen go, expressed only when die frails get ripened Such medicinal fruit may also

spot a different colour, thanks to .he engineer pigmeniadon gun die, distinguish from
iii nntieetiic property can be linked with a protein that

the normal fruits These genes wi „rowth Once we get• fllirin„ particular stage of Hie crop growth Once we gel
will be produced m a un an ^  js t0 make thc mimQ\ immune

enough of thc desired protem in ^  ,hat onc Cnts in food do not give an

system respond to those pr0tCI ^  perceivcs the antigens ns food and the immune

immune response because the t|lc researchers mnv try' to pnir the
• Tn alert the immune sysw 

response repressed. To immunogens like cholera toxin These

W  p jo ie ln •« «

...................



Particle gun method

T his m ethod was introduced bv m  •
*  Klem " *  “ workers i

L

gold  or tungsten  particle coated with D N a  • ' 988 ' Here l ' 2 ^

acceleration  is achieved by pressurized Helium g j  ^  ^  t™ Sf0nnation' Panide

T h e  m am  c o m p o n e n t  o f  a helium p r i m e  device are; gas acceleration tubes, 
rupture d isc , stoppm g screen, a„d ^  ^  ^  ^  ^  ^  d n a  ^

target ce lls . T h ese  co m p o n en t are enclosed in a chamber to enable the creation o f  

partial vacu u m , which facihta.es particle acceleration and reduces damage to the plan, 

cell. A fter creation o f  partial vacuum sufficiently pressurized Helium gas is released in 

the acceleration  tube to break the rupture disc. This generates Helium shock waves, 

w hich  accelerate the macro projectiles to which DNA coated micro projectiles are 

attached T h e  macro projectile is stopped by stopping screen and the micro projectile 

pass through this screen and become embedded in the cells kept about 10 mm below the

  A  ^  m  a  m  «  ■  /—• ■»* .s to p p in g  screen.

Successful stories of edible vaccines

I Rabies virus coat glycoprotein gene in tomato 

Norwalk virus capsid protein in tobacco potato and tomato 

1 Icpalitis D v i r u s  surface antigen in tobacco and potato 

/•■ coli heat labile enteroloxin B subunil in tobacco and polato

Cholera loxm 13 subunit (CT-B) in potato 

Tobacco plants vaccine againsl non-Hodgkin's lymphoma 

C y to m eg a lo v iru s  specific antigen in tobacco

9  A lfa lfa  e x p r e s s i n g  A <■'>" ar  *

10 Vnccmc n^ nSt —  i n  disease virus in Arabidopsis (Carillo
I I  Structural protein V I

c.t a 1 , 1998) psulin antigen
12 Potato for delivery o f  human insu i ^  ln potnlo againsl 3

„  v ,,
enter,c d,sense including ^  ^  hepnll(is B surface anugen.

, 4 Lupine and Lettuce were us | T [) subuni, vaccine

, ,  Com was used for the

2

3

4

5

r,

7

K



16. RSV-F antigenic protein gene ex r '
syncytial virus - causing bronchiolitis ^  m t0mi“0- RSV '  respiratory 

■ 7. Tobacco plants expressing CTB sub PDeUm0nk

Potatoes to serve as vaccine .U“ " >rt0™ (Heine' < ^ 95)accine against human

17

18. Potatoes to serve as

causes cervical cancer •  v* “  *

Last July, Prodegene, a Biotech Cnm u 

against Hepatitis B. V “  8°‘ PateM f° r edible vaccines

19

01 toxin (Hein eta/., 1995) 

againSt human PaPilloma virus (HPV), which

Some plant vaccines

Diseases

1 Tooth plague

3 Diarrhoea

4 Rabies

5. Fool sand mouth

Plant vaccines
Tobacco

Tobacco, lettuce, potato (Thanavakam et al., 1995)

Tobacco, potato (Haq et al., 1998)

Tomato, Alfalfa (Modelska et al., 1998)

Arabidopsis (Yusibov et al., 1998)

A Norwalk virus 

7 HIV-1

Potato (Mason et al., 1996)

Cowpea, maiz.e (Porta ct al., 1994)

8 HIV-14

9 G a stroen ter itis

Cowpea (Porta ct at., 1994) 

Maize (Mor ct al., 1998)

10 Malaria Tobacci (More/ al., 1998)

1 1 Cholera Tobacco, potato (Hein ct al., 1995)

2 Shipping fever White clover (Lee. 2001)

A n im a l  e x p e r im e n tsexperiments
11 ct.irlv the effect of edible vaccinations in people, thev 

Before scientists could study me
. ■„ answers lo the following questions in model sludied.

w i l l  h a v e  to o b ta in  p os it iv e  cnerific disease?
„ r „ l l 0  carry functional anligen genes for a specific disease

a) f a n  plants be engine oral rald Gl physiology?
b) fa n  the antigens retain immunogcnmpropc .

e) Will they stim ulate the immune syste ^  hosts against the
rnnn«;C be strong cnougn t 

d )  Will the immune respo

infection? h f lV e  b c c n  c o n d u c t e d  to address the above
Several laboratory exp

questions They w e



1) Tobacco co„,a,n in g B lu b u  ^

Two groups of

soluble extract o f tobacco 1k,v~ SC ° f 12 5 Vg of LT-B from crude
311(1 Purified rLT-B 

-eSp°—~e: SerUm aai muc°sal immunoglobulin r,
bacterially expressed antigen neutralized a, u- ”  ,nmn,nl2ed Planl or 
extent biological activity of LT to the same

2) Potato containing LT-B

ere given 5 g of tubes per dose (12.5 pg) containing 15-20 g of rLT-B.

Response: The immune response to purified bacterial rLT-B was greater than to

transgenic potato samples This result indicates that some factors in the plant interfere 
with the antigenicity of LT-B antigen.

3) T r a n s g e n ic  p o ta to  conta in ing  CTB

Mice were fed with 3 g of potato per dose containing 30 pg of CTB.

Response Both the groups of mice fed with potato and gavaged with similar dose of 

bacterial CTB exhibited the same extent of intestinal protection levels.

4) T r a n s g e n ic  tob acco  and potato containing NVCP.

Mice were fed with t-rNV and potato tubers containing with a similar dose

rNV,
Response Both showed systemic and immune responses. But die response with potato 

tubers was lower than the response with r NCVP.

5) T r a n s g e n ic  lu p in e  conta in ing  HBs Ag.

Two groups of nncc were fed with the vaccine. One with 5 g of callus (150
i i nfmlliis on each o f5 consecutive days,

mrJy) Tor I days and the other with 1 g of callus
I < , «r .rnnsecnic lupine callus over the course of one day

Response Mice that received - g -
- -  MBV than fed in multiple doses of 1 g ol the
developed n better immune response

t i s s u e

fi) T r a n s g e n ic  pntntn containing II 6 ofCT ^  adjuanl
for I with 5 g tuber per dose Mice were fed - g ^  ^  ^  ^  ^  dose

Response Peak response was ob

Clinical t r i a l s  w i t h  edib le  v a c c i n a t i o n  obtained in animal model studies.

S u b s e q u e n t  to the vaccines to check die toxicity and the

c l in ic a l  t r ia ls  have been c o n d u c te d  f t h c s 0  trials are.

I) Transgenic potato containing



Study: II  volunteers were given 50-100 g of

participants were given 50 g of raw F&W ^ansgenic potato and 3 control

Response: A significant rise in LT-B h ■ P0M0'

participants, where as no LT-R cr, n ^  dlsplayed by 10 of the 11 
participants. ^  C 311111)0(1165 weTe detected in the control

T T  “ •* ■ •** * - — -  »». »< ,» .*
proved capable o f  inducing an immcc, a, b n im ,

2) T ra n sg e n ic  po ta to es containing NVCP

Study: 20 volunteers received 2 or 3 doses of transgenic potato and 4 volunteers

receiv ed 3 doses of wild type potato. Each dose contained 150 g of potato containing 
215 and 75 1 pg of NVCP.

Response Four of 20 developed specific serum and 6 of 20 developed specific stool 

antibodies

Inference The efficacy of this vaccine to induce immune response was tested.

3) T r a n s g e n ic  le t tu ce  conta in ing  HBs Ag.

Study 3 individuals received transgenic lettuce leaves twice: 200 g at first and within 2 

month 150 g (0.1-0.5 pg/100 g of fresh tissue). Tw'o control individuals were given

same amount o f non-transgenic lettuce to die same schedule.

Respoase 2 weeks after lhc 2"' reeding, sera from all thc three volunteers showed HB 

At; specific antibodies Two of 3 showed more than protection levels of aniibod.es.

Inference This clinical study was based on the results obtained from pre-clinical slud.es
i m e  A g H o w e v e r  im m u n e  response  was acceptable  o n h  

o f  t r a n s g e n i c  l u p i n e  c o n ta in in g  HBsAg. However

after second feeding but not after lhc first feeding

H u m a n  tr ia ls
h^Ututc where research was 

conducted

Bnycc lnsTilule & University of  

\fnrv1nnrl New York

Plant vaccine Disease

Year Scientist

1997 Dr Arnt/en

Potato Diarrhoea

fviaryiwiUj1 ___________

Infectious disease (NIAID) and

loflprson University, Thomas Jefierso

P h i l a d e l p h i a _________—
------- Yrp^lTCancer Institute.

Lettuce Hepatitis B

1998 Hilary

K oprow ski

potato Hepatitis B

1999 Y asm in
Rosewcu » —______ -----------------—



Institute
Plant vaccine

1 . Boyce 1 nompson Institute,
i

1 New York, USA
Tomato with Norwalk DNA

j 2. Prodigene Seeds (A division of 

Novartis)
Com with Gastroententis antigen

1 3 Stauffer Seeds (A division of 

Novartis)
Hepatitis B vaccine

4 .Axis Genetics, UK Hepatitis B vaccine

5 Large Scale Biology Corporation, 

i USA

Hodgkins lymphoma vaccine

(t Menstem Therapeutics, USA Therapeutic proteins in plants

7 Scripp’s Research Institute HIV vaccine using covvpea mosaic virus

R Poland & IJS Thompson Jefferson 

University

Hepatitis B in Lettuce

P a te n ts  in p lant  vacc ines
Plni nt

Patent Holders 

1 R hibo/ym c-Pharm

V .  1  l U  1 1 1

Nudcic acid vaccine 

riwn^iiocic vnrrtnc
2 Found Advnn Mil Med (USA)

Slugciiosis > 

Retrovirus vaccine
3 R ubicon  Lab

4 B io so u rcc  (Large scale Biology^_____
HIV vaccine and Malarial vaccine

nee, barley. wheat,

corn
5 A pplied  phytologies

Ijcp n tit iT ^  ___________

6 T ex a s  University ____~ v„rr,nc agalnsnnveilebrates

7 University o f  Yale ___ ^ — __—

~ ZZ~- n L/snP- M P f  16UX

vaccine _

H. B io c e m , Rhone ivic — — -

r) Pasteur Institute ---------

f  m il  vaccine



15. Purdue Research Foundation

16. MycogenAVashington University

me Pr°duction in lettuce, spinach, 
tobacco, kidney bean

Gastroenteritis vaccine in tomato and 
potato

Modified viruses for vaccine production 

Vaccine production Techniques

Issues and  concerns 

G M O  debate

No matter how great of an argument we make for these medicinal foods, they 

ire still genetically modified organisms. There fore we enter the whole debate of 

whether genetically modified organisms are safe in our environment. Critics of GMO 

technology argue that not enough testing has been done to ensure that genetically 

altered organisms will nol have negative environmental consequences. Organizations 

I,he Green peace or Friends of tire earth would argue that GMOs are loo dangerous to 

use and therefore would be opposed to edible vaccination and the like

Who will he the regulatory authorities?
A major obstacle for taking these edible vaccines to utth.y m die h u m .  ,s the

i fl • nrnfi,ict The questions that need to he 
confusion among authorities to regulate this prod

arl' lr" ' ' C‘l nr';- „ ,v rm ,hc edible vaccination''
a) Who should he the licensing million >

h] Is that drug or agricultural nuthonly ^

c) Which c o m p o n e n t  o f  vaccine needing li ^  ^  ^  par, of lhe

d, is „ lhe whole vector with lhc «U P"- 

plants or lhe genetically e n g i n e e r e d

Evaluation o f  dosage r e q u i r e m e n t  vaccmahon is dosage I .  has

t a n  dilTiaili »  "  r„ , „ l  i .  a m
pal and controlling ilie amoun



Since we are unsure
1 u°sage levels there i* i

much which could be tnvio ♦ • 56 concerT1 for PeoP,e uho receive loc
iumc to induce oral t l

immunized people walking around thinki ° t0° ^
Prnrturt ^ have immunity.
Products are ground up freeze d Vh

which assures that the vaccine is ' • ^  P°Ur6d ^  CapSU,eS'

approved by regulatory- agencfe 6" en 'D UDlf0nD ^  "  BMy '°  be

Survival in gu , / in ability en,er through digestion

Thcr6 is som e debate as in u/hotko.- 
. .  . or n°t medicinal foods when consumed mil

be able to deliver the medicinal cargo via the digestive system.

-  Will the full dosage enler the blood stream?

-  Will the digestion enzymes or acids in the stomach destroy the protems pnor ,o
entering the blood strain?

Il is said that the tough outer wall of plant cell apparently serves 

as temporary armor for the antigen, keeping them relatively safe from gastric

secretions Experiments on animals or human clinical trials have shown that the

medicinal cargo does find its way into the blood stream.

Oral antigen immunogcnisity

Oral vaccine requires a higher antigen dose than either intranasal or parenteral 

vaccination A question frequently asked is whether realistic quantities of edible plant 

material will he able to supply sufficient antigen to generate protection immunity. Mans 

antigens that one cats in food do not give an immune response because body perceives

the antigen as f o o d  and the immune responses get repressed. T o  alert the immune
i i tzv mir Mif vaccine disease protein with very strong oral.system the researcher may try to pair me vaccme i

. r t  r-ivnipn tn\in They help in stimulating an immune immunogens or adjutants like cholera toxin mcy i

response

W hat are the issues with oral tolerance?
r nl inlcrancc has shown Uiat ingesting certain proteins can aPhenomenon of oral tolerance u.u

i i|c responses to those proteins. The induction or oral
„ meS cau se  the body ,o shu, mllgcn dos.  „  *

tolerance is bo.h nme depen en ^  ^  ^  t0 produce tolerance In

induce protection is generally * ^  ncccSsaiy to induce ornl tolerance,

addition repeated or continuous expos gjjble vaccine would lead to oral

In this setting we believe it is upi

tolerance



Horizontal gene flow?

Concern about transfer 0f

addressed. There are hvo reasonabl '°  ”0IWarEet organisnl remmnS ‘°  be

plants. The one way consists to thT ̂ ^  ^  ‘IanSgene aWa>’ fT° m neighb° rinS

to potato. The other way tT '  113:186 * PlaDtS male “  charaC,eriZed
present transgene transmission is the integration of 

transgene into the chloroplast genome In m , i
. . . . .  n most plant species chloroplast genome is

maternally inherited. This means that ih* ,
^ ^ g e n e  or any protein expressed following

chlorop ast transformation are not present in pollen; thereby reductog the risk of

transmission of the transgene to neighboring crop or weed species by cross pollination.

Expression of transgene from the chloroplast genome also results in the accumulation of

significantly greater quantities of protein; since there is only one nucleus in the cell, but

many chloroplasts so transgene that are inserted into chloroplasts exist at much higher 
level

How can the expression of antigen components be stabilized in the edible 

vaccination?

One of the methods would involve inserting antigen gene into a specific 

chromosomal position instead of integrating randomly into any where in the genome.

But successful human clinical trials have shown that adequate doses of antigen can be

achieved with plant-based vaccine

Delivering the vaccine in intact plant material rather than in plant extract may

enhance antigen immunogenisity as bioencapsulation of the antigen within the high

plant cell wall and membrane compartment increased protection from intestinal

digestion
How to increase the amount of antigen component in an edible vaccine?

When compared with the edible vaccine the purified recomb,nants educed a

nap The amount of vaccine dove can be increased to increase the 
better immune rcspo Additionally linking antigen genes with strong
bioavar,ability o f the vac«  ^  cnn „  toe expression

promoters k n o w ,  to pro, ^  ^  ^  ^  ^  ofnnljgcn jn p0|al0

of vaccine components r p|ants m d reduced tubes formation. Too much

plants often led to stunted grow tio ^  si|encing in the plant genome. The
mRNA from the transgene was causi ^  ^  |s silen, until the latest possible

solution is to device a gene nmphli 

stage in the plant development



What is the best food for ^  approach,

b rtb an an a , poteto, tomatoorsome

Possible plant cell interference with anH

To the moment there is pre5e">ation

m odifications, glycosyiation, acetvlatiom I f  ab°m P° Sl

introduced to the plant cell. Furth ■’ * " '*  ® ° f 46  p0,ypeptides when
. . .  CT m êraction of the antigen with the plant cell

metabolism are not vet studipH intone; i> studied intensively and need to be evaluated.
Strategies

Most of the countries have set up guidelines for the testing and production of 

genetically engineered crops. In most of the countries these guidelines have not been put 

to the tost There is need therefore to proceed with well-defined protocols for growing 

the antigen expressing crop, containment and monitoring risk.

A strong public education plan should be an essential part of the strategy. 

Bringing agriculture to medicine will definitely have a strong positive impact on the 

predominantly agricultural economy, positioning them better to handle their health care 

and other needs



e are 3 important aspects i„ n,
(1) AfTm-a vt lhe vaccmes issues They are
U) ^rtability of the vaccine 
(2) Safety of the vaccine

ersatiiity of preparation, distribution and administration of
the vaccines.

eSe three aspecls are satis|ied to a greater degree by the edible vaccine
approach. The feasibdity of edibie vaccine approach has been shown in animal mode.
studies and in clinical trials. Transition ,

n lrom a model system into a practical reality still
has some way to go, including managing issues of oral tolerance, safety of genetically 

modified organism, effective vaccine doses and horizontal gene flow. Successful edible 

vaccines have the potential to transform health policy and practice in both developed 

and developing countries. The growing understanding of the microbiology and 

immunology of these vaccines together with the power of molecular biology and 

biotechnology would certainly make the edible vaccine approach in the front-runner.

“Let your food be your medicine” is an excellent summary of development of

edible vaccine
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1. How do you distinguish plantibodies and edible vaccines?

Plantibodies provide passive immunity whereas edible vaccines provide active 
immunity.

2 . Is there any- commercially released variety?

A Cherry tomato variety against respiratory syncitial virus.

3. What is epitope?

It is a small portion of the antigen where antigenisity is confined

4. How do you achieve site-specific integration of transgene?

Chloroplast transformation is a method to achieve this.

5. The work that is being done on edible vaccines at TNAU?

TNAU is now working on plant vaccine against rabies.

6 Some naturally available medicinal plants?

PhyHan thus ncruri, Ocinmrn sanctum.

7 How do you identify the vaccine producing fruit?
We can engtncer some pigmentation gene during transformaUon process to d.sl, 

it from the normal ones.

8 How e d i b l e  vaccines become cheaper?

w     — ■

conventional vaccines



ABSTRACT

Vaccines have accomplished near miracles in the fight against infection 

diseases. A vaccine is admimstered in advance to stimulate the production of antibodie: 

and to give body the time t0 Set , ^ 3  immunity before the invasion by a pathogen, h 
developing countries four million children die every year due to vaccine preventabli 

diseases. This is due to difficulties in transporting these vaccines and economil 

difficulties in buying and distributing these vaccines to remote places. The need for ; 

new technology' for the production and delivery of inexpensive and safe vaccines ha 

led the researchers to attempt the expression of antigen component in plants. This nev 

technology is known as edible vaccine technology (Sivanandham and Vani, 2004)

Edible vaccines are genetically engineered plant food substances the 

contain the genes of immunogenic antigen, that are not toxic to the host. The advantage 

of edible vaccines would be enormous. They' are cost effective, safe, easy to administer 

and have the potential to address many of die limitations faced by traditional vaccines 

(Stoger ct. al. , 2000)

Agrobaclcrium mediated transformation still remains the method of choice 

for dicots A general method, the biolistic method is being used for transformation ol 

plants including monocots (Sharma ct.al., 1999). Some of the plants under study to host 

vaccines include banana, potato and tomato (Rao, 2001). Tire major mechanism of 

induction of immunity by edible vaccines is Urn induction of mucosal immune system 

although induction or systemic immune system exists to certain degree

'flic feasibility of edible vaccine approach has been shown in animal model

i _i frinu Transition from a model system into a practical reality still studies and in clinical trials, 
mrlnrline managing issues of oral tolerance, safety of genetically 

has some way to go. including
rr vaccine doses and horizontal gene How. Successful edible 

modified organism, eflcctivc
, ln transform health policy and practice in both developed 

vaccines have the potential

and developing countries


