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LEARNING OBJECTIVES
After reading this chapter you will be abfe~to know that what is plant breeding? 

You will aPso 'know the relationship of plant breeding with other disciplines, 
distinguished achievements of plant breeding and its future prospects.

1.0. INTRODUCTION
Man is almost absolutely dependent on plants for food. The things we eat, 

virtually without exception, are either plant materials or derived directly from plants. 
With the rapidly increasing population in the world the food supply is already grossly 
inadequate. The solution of the problem lies in efforts to check the population growth 
and to increase food production. Increased food production can be achieved by several 
methods c.g.. increasing the land area under cultivation, better agronomic practices, 
(including irrigation facilities, planned use of fertilizers), improved agricultural 
practices (including more effective crop rotation, improved tillage metliods, effective 
weed, disease and insect control) and by improved novel varieties of plants. Plant 
breeding is concerned with developing varieties superior to existing ones. It can be 
defined as a science, an art and a technology, which deals with genetic 
improvement of crop plants in relation to their economic use for mankind. 
Frankel (1968) defined plant breeding as the genetic adjustment of plants to the 
social, cultural, economic and technological aspects of the environment. Plant 
breeding is also called as crop improvement. A person changing and improving the 
heredity of plants is known as plant breeder.

1.1. NATURE OF PLANT BREEDING OR WHAT IS PLANT BREEDING ?
Plant breeding is the art and science of changing and improving the heredity of 

plants. In earlier days the extent of plant breeding as an art and as a science was much 
disputed. Early man was a nomad and dependent for his food on the forest products. As
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civilisation progressed, he learnt to cultivate plants and selected the seeds from 
healthier plants for sowing the next year. His methods of selection were designed 
without an understanding of the principle of inheritance. Therefore, plant breeding 
then was largely an art (this selection is the earliest method of plant breeding and is 
practised on a large scale, even today).

As man's knowledge about plants increased, he was able to select more 
intelligently, With the discovery of sex in plants, knowledge about inheritance of 
characters, role of environment in producing characters, the basis of variation in 
various plant characters, addition of hybridization etc., plant breeding, methods are 
based on scientific principles of plant science, particularly of genetics and cytogenetics. 
As the breeder’s knowledge of genetics and related plant science progressed, plant 
breeding became less of an art and more of a science. The modern plant breeding is, 
therefore, considered as science based upon a thorough understanding and use of 
genetic principles.

riant Itrccding. Bioleclinology and 
Gunclic I'ngineCTing

1.2. RELATIONSHIP OF PLANT BREEDING WITH OTHER DISCIPLINES OR 
THE DISCIPLINES A BREEDER OUGHT TO KNOW

Population is increasing very rapidly and proportionately there is no increase in 
our food supply. Besides food scarcity, nutrition deficiencies affect millions all over the 
world. We need crops with increased yield and nutritional value. To be successful, a 
plant breeder must involve several disciplines for development of improved cultivation. 
A successful plant breeder has to be a complete geneticist. He should also acquire 
knowledge about evolution in crop plants and their domestication. With this he should 
also have the knowledge of the following disciplines :

Botany : Understanding of external shape, size and structure (morphology), 
reproduction and taxonomy (wild species and relatives) of plants is essential for plant 
breeding.

Genetics and Cytogenetics : Study of inheritance, choice of breeding procedure, 
selection and knowledge of gene transfer is essential for rapid and efficient 
improvement of crop plants.

Plant Physiology : For developing cold, drought or salinity resistant varieties and 
ideotypes'

Plant pathology : For developing disease resistant crop vari'eties.
Agronomy/Iiorticulture : To c.xplore the full potential of a new variety, 

developing crop varieties resistant to to herbicides and parasitic weed.

DdlanyPlain s 
.Biochemistry, Bacicrioliigy

Agricultural
lingmeering

Cienetic.s niid 
.Cyiogcnclic^

UioicclinulogyIliiioinology PLANT
BREEDING

(^^SohScicnce Agronomy/
lloriiciilUirc,

Plant
Pathology

Computer
Science

Plant
Physiology Statistics am 

.Biometrics

Pig. I. Kclationsliip of plant breeding wiili ullier tiiseipliiies.

I Donald (1968) delmed ideotype as "a biological model, '.vhieh is c.spccted to perl'onn or behave in a pnniculai niainicr 
within a defined ciivirorment " The term has the following synonyms : model plain type, ideal model plain lype and 
ideal nl.ani Ivne
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Plant Biochemistry : Chemical analysis of amino acid contents, protein contents, 
toxin contents etc., for developing improved cultivars.

Soil Science : To test the nature of a soil i.e., soil acidity, alkalinity, salinity etc., 
and to develop improved cultivars accordingly.

Bacteriology : Knowledge of bacteria {e.g.. Rhizobiuni) for improvement of 
leguminous crops.

Biotechnology : In development of transgenic (genetically engineered) plants. 
Kntomology : Knowledge of insects and pests to breed insect resistant crop

Plam BieriJiiig

varieties.
Agricultural Engineering : In breeding crop cultivars suitable for mechanical 

harvesting.
Statistics and Biometrics : Data obtained from field trials (comparison of newly 

developed varieties with local ones) are represented, analysed and interpreted with the 
help or biometrical exercises.

Computcr Science: For compilation of work, data analysis and report writing.
In addition to above the breeder must be aware of the present market demands, 

needs of the farmer and the problems of crop cultivation in the concerned area.

ACTIVITIES IN PLANT BREEDING
DOMI-ISTICATION HYBKIDIZA'I'ION

1. InlervaricLal
2. Distani
3. Som.'iiic

f-
GflUIPI.AS.Vl
coi.Li-xrnoN

MUI'ATIONIN I'RODIJCTION
CRII.ATION

01' POI YPLOIDY
1. Auto
2. AH0

VARIATION <-

SOMACLOKAL VARIATION

GENTTIC I'NGINEPRING

CREATION OI'NIAV 
VARlAltll.,lTY

S •

naturai.i.y existing
VARlABil.'TY -XRI.EOnON

EVALUATION

MlJLTll’l.lCATION

Generally hy seed agencies eie.

DISTRIBUTION
Pig. 2. .-Vdivilics in pOnt breeding

1.3. AIMS AND OBJECTIVES OF PLANT BREEDING
Plants are the basic source of food for the world's people. Over 50% of the world 

supply comes from seven cereal grains, over 40% from rice and wheat (Fig. 3). Plants 
arc also the original source of food supplied by animal products.

Population is increasing very rapidly and the food supply is inadequate. In India, 
the tenth plan food grains target was 230 million tonnes in 2006-2007. The production
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was 212.9 million tonnes in 2001-02 and since then it has been declining. Trend of i ice 
and wheat production was less than population growth by the end of the ninth plan.

Higher yield of food plants contributes to a more abundant food supply, a more 
profitable agriculture, and a lower cost of food products for the consumer. So. the 
primary objective of plant breeding is to produce new crop varieties superior to 
existing types in all characters. The objectives of plant breeding differ from crop lo 
crop. However, there are some objectives which are common in majority of Held crops. 
These are :

I. High Yield : 'fhe ultimate aim of the plant breeder is to improve the yield of 
crop plants. It may be of grain yield, fodder yield, fibre yield, tuber yield, cane yield or 
oil yield depending upon the crop species. It can be achieved by developing move 
efficient genotypes e.g., hybrid varieties of niai/cc, sorghum, bajra etc.

I’lanl Breeding. Bioiechnology and 
tienclic bngineenug

Rice 21.2'^,

All Other I'ooils 
.ty.7%

Wheat

IJ:ire)\ 1.5%

Uye 1.6%

Millof and Oassavsi 2.0‘'.li 
Sdfgtiuni 

4.1"/..
Kig. 3. Sourecs of food for (he world pco|)le

2. Better Quality : Quality of products determines its price and suitability for 
various uses. Quality differs from crop to crop. It refers to :

- grain size, colour, milling and baking quality of wheal
- cooking quality in rice.
- malting quality in barley
- stronger, longer and fine fibre in cotton
- more protein contents in pulses and cereals'
- lysine content in cereals
- nutritive and keeping quality in fruits, vegetables and flowers
- oil contents in oil seeds
- higher sugar content in sugarcane and sugar beet
- appealing flavour in apples

3. Disease and insect resistance ; Crop plants are attacked by various diseases 
and insects resulting in considerable yield loss. Development of resistant varieties can 
minimize such losses.

f\ Ccirii 5.4%
I

P()iaiue.s 4.9%

\
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4. Abiotic resistance : Crop plants also suffer from abiotic factors such as 
droiigin. soil salinity, cold and frost etc. The objective of the plant breeder should be to 
develop resistant varieties for such environmental conditions.

5. Photosensitivity and Thermosensilivity : Development of photosensitive and 
ihermosensitive varieties permits their cultivation in new areas. Rice is now cultivated 
in Punjab while wheat is a major rabi crop in West Bengal.

6. Karly maturity : Early maturity of crop reduces management period, 
insecticide spray and overall production cost. It also permits double cropping system. 
Development of wheal varieties-suitable for late sowing has permitted rice-wheat 
rotation.

I’lmii l)roi;ding

7. Synchronous maturity : it refers to maturity of a crop species at a time. 1: is 
highly desirable in crops like mung {Vigva radiata) where several pickings are 
necessary.

8. Non-shattering characters : The shattering of pods is a serious problem in a 
: crop like- mung. Hence, resistance to shattering is an important objective of plant

breeders. ■ '
9. Non-shedding character ; In cirboreunr cotton shedding of kapas after ball 

bursting is a serious problem. I.oculc retentive varieties have to be developed in this 
species of cotton.

10. Dormancy : In some crops such as green gram, black gram, barley and pea,
seeds germinate in the standing crop before harvesting if there is rainfall. A period of 
dormancy in such cases would check the loss due to germination. In some other eases,_ 
however.'it may be desirable to remove dormancy. ’

11. Determinate .Growth : (n crops like cotton, pigeon pea and mung, _ 
development of varieties with determinate growth is desirable.

12. Desirable Agronomic Characters ; One of the important objectives of plant 
breeding is to modify agronomic characters such as plant height, tillering, habit 
branching, erect or trailing habit, growth habit etc. Usefulness of these traits also differs 
from crop lo crop. Dwarfnes^ in crop plants is generally associated with lodging, 
ic‘'i<iancc and ['crtili/.cr responsiveness c.g.. wheat, rice, pearl millet, Sorghum etc. 
i alliicss. high tillering and profuse biancliiiig'arc desirable characters in forage crops.

13. Varieties lor New Sea.s*)n : It is another important objective. To develop 
varieties for new seasons w ill solve the Idod problem. I'or example mung is now grown 
as a summer crcip in addition to main kliarif crop.

14. Keniovai of toxic compounds : Some crops have toxic substances. So, it is 
esseiiiial to develop r’ai iciics free li om lo.xic substances to make them safe for human 
eonsumplion Ibr c.xamplc :

• reiiHw al of neiiivtloxin |H NO.xtilyiamine alanine, (BOAA)], from Khesari 
dal {l.i'iliviti.s scUivus) which causes jraraKsis of lower limbs (lathyrism).

• Erucie acid I'rom /hiiwicii which is harml'ul for human health.
• .(iossypol from seeds of cotton to make them lU for human consumption.

1.4. BRIEF HISTORY OF PLANT BREEDING _________________________
In 7(<0 date ptdin was arldicialK poIJitialed by Assyrians and Babylonians. 

The 111 SI anillciai interspecific plant liyhrii! w as made by Thomas Fairchild in 1717. it 
is pupuiailv know!! as l-'alrcliild's mule'. It is obtained by crossing between sw'cet 

illi.im and carnaiion species ol Duniilitis. {Diaiilhiis harbatus x D. caryophyUu.s). 
Tlipuias .Aiiilrcw Kiiigbl (English. IKOO) first used the artificial hybridization lo 
proiJuce inain ne\\ kimis of linits and garden crops. Mendel (Austria, 1856—1864) 
performed hybridization c.xperimciUs on pea plans, He published results of his 
experiments as ‘experiments in phmt In bridi/alion.' In 1900. MendeEs laws were 
rediscovered by Hugo de Vries, a Dutch-biologist; Carl Correns, a German botanist.

xV
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and Erich Van Tschermak, an Austrian botanist- Nilsson {Sweden. 1900) first 
elaborated plant selection method. Johansson (Danish, 190.3) developed the concept of 
pure line. Shull (U.S.. 1903) proposed over dominance hypothesis of heterosis. In 
1914, he first used the term heterosis for hybrid vigour. Vavilov (Russian. 1926) 
identified 8 main centers and 3 sub-centers of crop diversity. He also developed 
concept of parallel series of variation or law of homologous scries of variation. 
Stadler (U.S., 1928) first used X-rays for induction of mutation in crop plants.

Hull (1945) coined the term recurrent selection and over-dominance working 
with maize. Borlaug (1953) first outlined the method of developing multilines in 
wheal. In 1964. he developed high yielding semidwarf varieties of wheat, which 
resulted in ‘green revolution’, Monsanto (U.S-, 1997) first identified terminator gene, 
which allows germination of seed for one generation only. In 1998, he identified traitor 
gene, which responds to specific band of fertilizers and insecticides.

Breeding. Bioiechnology and 
(jeiiciic Engineering

IN INDIA
In India, the science of plant breeding started in the early 1900. The earlier work 

was done by British scientists like Barber in sugarcane and Howards in wheal. In 
1905, the first agricultural research in.stitute (Imperial Agricultural Research inslitinc) 
was established in Pusa (Now in Bihar). Later, this institute was shifted to New Delhi 
in 1936. In 1946, the name of this institute was changed to its present one, i.e.. Indian 
Agricultural Research Institute. In 1929, the Imperial council of Agriculture Research 
was established. In 1946, its name was changed to the present Indian Council of 
Agricultural Research (ICAR). In I960, the first agricultural university was established 
at Pantnagar, Nainital, U.P, (now in Uttarakhand). Subsequently such agricultural 
universities were established in other states of the country. Some important Indian plant 
breeders, are :

T.S. VENKATARAMAN : Pioneer Indian plant breeder, famous for sugarcane 
improvement. He was Director of Sugarcane Breeding Institute, Coimbtore. He 
transferred thick stem and high sugar contents from tropica! noble cane to North Indian 
canes. This process is called as noblisation of sugarcane.

RAMDHAN : Wheat breeder, famous for C -591 variety of wheat, which made 
Punjab as grainery of India.

B.P. PAL : Famous wheat breeder, who produced superior disease resistant N.P. 
varieties of wheat.

K. RAMIAH : Famous rice breeder of international fame. He was director of 
Central Rice Research Institute (CRRI), Cuttack; He developed high yielding varieties 
of rice.

PUSIIKARNATH : Famous potato breeder 
BOSHl SEN : Famous maize breeder 
DHARAMPAL SINGH : Famous oil seed breeder 
C.T. PATEL : Famous cotton breeder
M.S. SWAMINATTIAN : He is pioneer mutation breeder. He has produced 

Sharbati Sonora, a variety of wheat by mutation, which is responsible for green 
revolution in India. Dr. Swaminalhan is called lather of green revolution of India. 
(Green revolution is rapid increa.se in agricultural output as witnessed in India during 
1970s. It has been achieved through introduction of high yielding varieties, increased 
irrigation facilities, fertilizer application, weeds, pests and pathogen control, nuiltipic 
cropping and better agricultural management).

1.5. DISTINGUISHED ACHIEVEMENTS OF PLANT BREEDING

Directly or indirectly, plant breeding deserves credit for most of man’s ft>od 
today, is how Burton (198I) amptly described the achievements of plant breeding 
today. Major achievements of plant breeding are as follows :
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1. improvement in yield
riie'world saw a progressive increase in yield of all the major crops in the 20th 

century (Tabic I and Fig. 4) Five to six fold increase has been witnessed during last 
half a century.

I'able 1. Average yield {q(lliii) of important cereals in selected countries 

Crop

I’lanl 15ri;c(.lme

Country I94S/S2 Yield (IS % of 
. 1948/52

1997

Whoal franco 18.3 66.3 358

Bulgaria ilA 29.1 235

320Yugoslavia 11.4 36.5

Hungary 13.8 40.2 291

tISA (i,2 23826.7

llomania' 10.2 29.7 291

India 6.6 27.1 410

Japan 42.5 63.1 148Rice

USA 25.6 • 66.1 258

240Philippines 11.8 28.5

13.1 22 6 173rhailanci

Indonesia 16.1 45.6 283

India II.I 29.0 261

24.9 79.7 320Muixc USA

Italy 18.4 93.2 506

59.6 337Hungar)' 17.7

Prance 13.6 90.7 667

37.3 278Yugoslavia 13 4
30.0 306Bulgaria 9.8

Romania 8.1 41.7 515
•Voiircc.-. • l-AO Paijuahii year fxKVks*' FAO tjuarterly BjUfsin or.Slalislics, J998. 

2()-{1.......... ...................... .............. .......... .......

I
■5 LS-

5
Vsz

10-r:

.5-

mljMmii-

Barli'v Maixe I’oi-.itovsWhiuil Rice

1961-05 1997

rig. 4. Increase in world average yield of important crops (kg/ha) since l<)6U.

SelJ-lnsiniaioiKil Mniericil 7



2. Improvement in quality
Significant achievements have been made in improving the quality and nutritional 

value of several crops e.g.,
• "New varieties of Lathyrus have been developed at l.A.R.l, Presence of 

neurotoxin In khesari dal {Laihyrvs ^ativus) seeds has toxic effects on human 
health which causes paralysis of lower limbs called lathyrism.

• Cotton varieties giving good cotton fibre (it can compete with synthetic fibre).
• Varieties with high sugar contents in sugarcane and sugarbeel.
• High oil contents in oil seed crops.
• In fruits and'vegetables, varieties with attractive features and good keeping 

quality have been developed.
3. Development of new varieties
The major achievement of plant breeding has been to develop new varieties .such

Plain Bveeding. Biotechnology and 
Ociietic Engineering

as :
(a) Semiilwarf .wheat varieties : These varieties were developed. by N.E. 

Borlaug and his co-workers at ICWMl (Inernational center of wheat and maize 
improvement) Mexico. They used a Japanese variety Norin 10 as the source of 
dwavfmg gene (carrying Norin gene for dwarfing). In 1963. ICAR obtained these 
varieties from Mexico and introduced them in India. These varieties are high yielding, 
photoinsensitive (grow under short as well as long day conditions), resistant to rust and 
other major diseases, have shorter and stronger straw, are capable of responding to the 
heavy fertilizer application and suitable for late planting.

(b) Semi dwarf Rice Varieties : Thre varieties were derived from Dee-geo-woo 
gen. a dwarf early maturing variety of japonica rice from Taiwan. Taichung Native I 
(TN I) and IR 8, developed at IRRi (International Rice Research Institute) Philippines, 
were introduced iti India in 1966. Later these varieties were replaced by superior 
semidwarf varieties developed in India e.g.. Jaya Ratna etc. These varieties are :

• Lodging resistant
• Fertilisei responsive
• High yielding, and
• Photosensitive.

The development of semidwarf Varieties of w'heat and rice has revolutionised rice 
and wheat production. This has greatly increased and stabilized their production in the 
country. The photosensitivity of these varieties has enabled their cultivation in non- 
traditional areas like West Bengal (cultivation of wheat) and Punjab (cultivation of 
rice).

(c) Hybrid Varieties ; Hybrid varieties were produced in a number of crops e.g.. 
maize, jowar, bajra, cotton etc. _

• Maize Ganga safed 2, Deccan. 
CSHI,CSH2, CSH3 etc.• Jowar

• Bajra
• Cotton

PHBIO. PHBI4, BJ!04.and B!<560 etc.
H4. JKHyl Godavary, Sugana, H6. AkH468, CBS 156,
H2HC, G.CotDh-7and G-Cot.DH-9 (The first hybrid 

variety of Cotton H4 (a hybrid from two G. hirsutum strain, was 
released in 1970 from Cotton Research Station, Surat of Gujarat 

Agriculture University by Dr. C.T. Pate!)
These hybrid varieties generally yield more than the existing local varieties. Due 

to resistance to diseases these varietie.s save the cost of plant protection.

8 Sell- Insintetiondl Mtileniil



A list of some important released crop varieties is given below- : ?lanl Breeding
VarietiesCrop

t. Cereals
Wheat
fTriiicwn aeslivum)

Kalyan Sona (MD 1593). Sonalika Sonora 64, Sharbaii Sonora, Janak. 
Deshratna, Arjun. UP 262. U.P. 115. WL 711. Bithur. Shekhar, Malvia- 
12. Girija etc.
IR 8. Jaya (lET-723), Jagannath, IR 20, Ratna, Bala. Mahsuri, Saktet-4. 
Siia, Jyoti. Basmati-370, Caiiveiy. Jaishree. Pusa-2-21. Rasi. PK-106, 
Phalgiina. Sasyasrec, IR 36, Pusa-33, V. Mahsuri, Pant Dhan-4. PankaJ. 
Jagannaih. Sabarmati, IR 20, Sita. Kiran, Prakash, [R 24. etc.
Ganga 1. Ranjit. VL 54, Ganga sated 2. Ili-starch, Him 123 (all hybrid 
varieties), Jawahar. kisan, vivram, Sona. Tarun (all composites)
HB-1, HB-2, HB-3. HB-4. HB-5. NHB-3.NMB-4. PHB-14. CJ 104, 
BO lll.MBH 110.

1.

Paddy (Oryza xadva)2.

Maize {Zea mays)3.

Baira (Penniselum 
americanum or P. 
lyplioides)
Sorghum
iSoi j’Imm hicolor) 
Mustard and Toria 
{Brassica spp) 
Soabean 
{Clycin<; mca)
Ground nut 
{.■trochis bypoged) 
Castor {Ricimtx 
communis)
Colton {Gossypium 
hirxulum)
Jule (Corcliorus
capsiilahs)
Sugarcane
(Bocchurum
ojlkinonim)
Oals •
{Avenci saliva) 
Sorghum
{Sorghum hicnior)
Pea tPisum 
sativum)
Tomato
{i.vcnperstcon
esctilenuim)
Potato [Solanum 
luherosum)
Radish {Raphanus
salivus)
Tea
{Thea sinensis)

4.

CSH-1. CSH-5. CSH-6. CSH-7, CSH-8, and CSH 9,5.

■|-9 Prakash. Sangam. RLM-198, Varuna (T-59). RLM-514. Kranli 
(PR-15), RH-30. PusaBoid, PT303 and PT-30.
Bragg. Ankur (UPSS-38). Alankar, Gaurav and JS-2. .

6.

7.

AK.-12-24. SB-11. GAUG-10. M-13, Kadiri 3. JL-24, 
T-G-17. Kaushal. VC-18. C-364 and MA-16.
Anuna. Bhagya. Gauch-1. Saubhagya and SHB-18.

8.

9.

Varalaxmi. (nCH-3), Hybrid-4. G. Cot. 10. Bikaneri Nerma. Jayalaxmi. 
Lohit, Siyala. Suvin and VC-761.
Baisakhi Tossa. Chaitali Tossa. Casudeo .IRO-7835, Sonali, Navin, 
JRO-524 and Sobujsona.
Co-1148. Co-313. Co J-64. Co-1158. Co-8118.
CoS-767 and Co-802.

10.

12.

Algeriar. Kent. OS-6 and Palampur-1.13.

MC-136 and Pant ehari-l.14.

PBR-I. PBR-2. PBR~3. GC-141. Pant Uphar.15.

Pusa II Ruby, CRA 60. CL 143. Pb. Chhuhara. Pusa Sheetal.- NDT 108. 
Marglobe. S-120. Roma, Pusa Red Plump; Hybrid 1, Hybrid 2 and AC-'

16.

238.
Kufri Chandremukhi, K. Jyoti, K. Sindhuri; K Badshah. Kut'ri Bahar, K. 
Navjot. K. Deva. etc.
Japanese white. Pusa Rashmi, Pusa Chetki. Pusa Himani, Chinese Pink.

17.

18.

TVl. TV2. TV17. TV22, TV24. (all clonal varieties); Gaurisanker, (Si- 
203). Nandadevi (St. 378). St. 397 (all seed varieties.)

19.

4. Earliness ;
It is the reduction of maturity period in the crops e.g:. reduction of maturity 

period from 270 days to 170 days in cotton.
Early maturing varieties :
• Significantly contribute to increased production.
• Permit multiple cropping system.
• Escape from late season pests
• Play important role in management of crops, and
• Reduce cosl of pesticide sprays.
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5. Resistance to biotic and abiotic stresses
Development of crops resistant to biotic (attack of diseases, insects and parasitic 

weeds) and abiotic (drought, heat, cold, salinity etc.) stresses ha.s stabilized the 
production.

6. Noblization of sugarcane
Indian canes (Saccharum harheri) were poor in yield and sugar content. I'he 

tropical noble canes Saccharum officinarum origin had thicker stem and higher sugar 
contents. Repeated crosses of Indian cane and tropical noble cancs led to significant 
increase in their yield and sugar content. 'I'his is commonly referred to as noblisalioii 
ol'lndian cancs. At present sugarcane, varieties grown all over the world are based on 
noblization technique. In Northern India all the present day sugarcanes are noblised 
canes.

I'laiil Brooding. Bjotcchnology and 
Gonclic linginceriiig

7. Adaptability
Varieties with wide adaptability have been developed in inany crops, e.g., wheal, 

rice, sorghum, maize, pearl milliet etc.

8. Mechanical harvesting
Varieties of uniform height and maturity have been developed to facilitate 

mechanical harvesting in many crops e.g., Sorghum etc.

9. Preservation of biodiversity
The enhanced yield potential of crop varietie.s has indirectly reduced the 

conversion of forests and grasslands for cultivation and thus contributing to 
preservation of biodiversity.

1.6. UNDESIRABLE EFFECTS
Plant breeding has various useful applications. However, it has some undesirable 

effects also. These are :
Undesirable combinations : Man made crop Raphanohrassica having undesirable cot 
Narrow genetic base : Genetic base can be defined as the genetic variability 

present among the cultivated varieties of a crop species. Commonness of one or 
more parents in their ancestory has led to the narrowing down of the genetic base. Such 
varieties generally have poor adaptability, susceptibility to disea.scs, insect pests or 
stres.scs.

Genetic erosion : A few varieties become more dominant and rapidly replace the 
local varieties leading to depletion of genetic variability.

Increased susceptibility to minor diseases : One sided emphasis on breeding for 
resistance to major diseases and insects has often resulted in increased susceptibility 
for many crops e.g., epidemic caused by Boiryiis cinerea (grey gold ) in chick pea 
during I980-8I. 1981-82.

1.7. FUTURE PROSPECTS OF PLANT BREEDING
The increased agricultural produce especially during 20‘'' ccntuiy' is due to plant 

breeding, It accounts for about 50 per cent of this gain. The rest increase is the 
improvement in production technology i.e., use of chemical fertilizers, pesticides, 
herbicides etc. The human population is projected to grow form 5.7 to lO billion by the 
year 2050. Indian population is increasing at the rate of 1.5 million every year. 
Changing socio-economic system, fast deteriorating soil, dcforcstalion, desertification, 
soil erosion and water logging are reducing the agricultural potential of existing land 
resoLirce.s. So, we have to keep oiir options open to carry on research to discover new 
.sources of food. Apart from increasing yield and nutritional quality, the crop varieties
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shall have to be developed for survival under stressful environment and to serve 
factories that produce chemicals for industries and human welfare through 'molecular 
farming'. The recent developments in genetic engineering techniques h further 
equipped the plant breeders to reshuffle genes even across the organisms. Genetically 
engineered varieties can be produced by this method for commercial purpose. The wild 
gcrmplasm has now become easily accessible and shall be a host of many plant- 
breeding activities to attain still higher yield levels. Notwithstanding its numerous 
contributions plant breeding is yet short of claiming the development of prefect 
varieties in crop plants. So, still there is an ample scope for plant breeders in near 
fiuure.

I'laiil Breeding;

1.8. SUMMARY
Plant breeding is a science based on principles of genetics and cytogenetics, an art 

and a technology, which deals with the genetic improvement of crop plants in relation 
to their economic use for mankind. It aims at improving the genetic makeup ofthe crop 
plants. This science was started in 700 IB.C., when date palm was artificially pollinated 
by Assyrians and Babylonians. In India, the science of plant breeding started in the 
early 1900 and subsequently agricultural universities were established in different 
states of the country. The main objectives of plant breeding are to improve yield, 
quality, disease and insect resistance, drought and frost resistance, and other 
charaeterislics of the crops. Plant breeding is crucial in increasing agricultural 
production. Some well known achievements are development of semidvvarf wheat and 
rice varieties, nobilization of Indian sugercane varieties and production of hybrid and 
composite varieties of maize, hybrid varieties of jovvar, bajra and cotton. Not-wilh- 
standiiig its numerous contributions plant breeding is yet short of claiming the 
development of perfect varieties in crop plants. So, still there is an ample scope for 
plant breeders in near future.

1.9. STUDENT ACTIVITY
I. Describe briefly the various objectives of plant breeding.

2. Define plant breeding. Briefly describe its history.
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1.10. TEST YOURSELFI'lam Breeding. Bidtcchnalogy and 
Genetic rnuinecring 1. Who made the first artificial interspecific plant hybrid ?

2. Name the fatlier of green revolution in India.
3. Write down two improved varieties of wheat and two important varieties of rice.
4. Write the other term used for plant breeding.
5. Where is the Central Institute of Cotton Research situated ?

ANSWERS
1. Thomas Fairchild 2. M. S. Swaminathan
3. Wheat; Kalyan Sona (HD 1593) Sonaiika (HD 1553). Rice :IR8. Basniati 370
4. Crop improvement. 5. Coimbatore

ULIG

/
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U N 1 T -1 Crop Improvonii-'nl Meiluicls

2
CROP IMPROVEMENT METHODS

STRUCTURE
\- Introduction 

Plant Introduction 
Acclimatization 

- Selection 
Hybridization 
Mutant Breeding 
Polyploidy 
Tissue Culture 
Genetic Engineering 
Summary 
Student Activity 
Test Yourself 
Answers

LEARNING OBJECTIVES*•, -

By reading this chapter you wilt be able to know the various crop improvement
methods.

2.0. INTRODUCTION
Crop improvement (or plant breeding) proposes to obtain crops with higher 

yields, better quality, resistance to diseases and shorter duration which are suitable to 
particular environmental conditions. It involves two types of measures :

1. Improved agricultural preparation ; It is the initial step. It involves 
application of manures and’ fertilizers, protection against diseases and pests, proper 
irrigation, transport and storage of products.-

2. Improvement of cr^.varieties : It is a permanent measure, it creates genetic 
potentiality in crop plants for higher and better yield.

On the basis of reproduction crops are of three types : Self pollinated crops, 
Cross pollinated crops and Vegetatively propagated crops. Different methods of 
crop improvement are based mainly on the type of reproduction and pollination in a 
crop. Some important methods of crop improvement are :

(1) Plant introduction
(2) Acclimatization
(3) Selection
(4) Hybridization
(5) Mutant breeding
(6) Polyploidy
(7) Tissue culture
(8) Genetic engineering etc.
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2.1. PLANT INTRODUCTION[‘lam HrccJing. Riolechnology and 
Oeiifiic Knginccring Plant introduction usually means the introduction of the plants from places outside 

the country, may be of the same or another continent. It can be defined as the “procc.ss 
of introducing plants from their growing locality to a new locality.*’

Or
The introduction of the genotyjH'S from the place where it is grown to an 

entirely new area. It is the easiest or most common method of crop improvement. 
Plant introduction may be of the following types :

(i) Intercontinental plant introduction : Plant material is introduced from a 
country of another continent e.g.. ridlcy wheat variety from Austria in India.

(ii) Jntracontinental or Intercountries plant introduction : Introduction of 
plant material from another country within .same continent, a e.g.. I .itehi and 
loquat from China.

(iii) Interstate plant introduction : Introduction of plant material from anoilicr 
slate within the same countr)', a e.g.. N. P. wheat varieties from Delhi.

(iv) Intrastate or Inlerdistrict plant introduction : Introduction of plant 
material into different states within the country' or from another district 
within the same state, a e.g.. distribution of state recommended varieties of 
difTerent crops from one district to another within the same stale for general 
cultivation.

Any plant materia! therefore brought from another place, within or outside the 
country, may be termed as introduced material or method of plant introduction. 
These introductions are also termed as exotic collection (EC. introduction may be from 
outside the country) or indigenous collections (IC. Introduction may be froni other 
parts or other states of the same country). . , -

On (he basis of nature, plant introduction is divided into two types :
Primary introduction : Introduced plant is released directly for cultivation as a 

variety, e.g.. Introduction of Wheat varieties ‘Lerina Koja’ and ‘Sonora M' in our 
country from Mexico in early 1960s; IRS and Jaya varieties of rice.

Secondary introduction : Introduced material is used for .selection or for 
hybridization with the indigenous germplasm to bring about the desired improvement 
to make it suitable for cultivation e.g.. wheat variety ‘kalyan sona’ and ‘sonalika.’

History
Introduction of new plants has been in practice since many ccnturic.s. In older 

times it was haphazard and by whim or chance. The missionaries, traders, travellers, 
adventurers, explorers, priests, pilgrims, politicians, coloni.sts. scientists, naturalists, 
and several other agencies played an important role in introducing new plants in the 
remote part from distant countries into India. The Portuguese who settled in Goa in 
1510, are reported to be responsible for introduction of several crops like maize, 
groundnut, chillies, potato, sweet potato, guava, pineapple, papaya, cashcwiuil and 
tobacco etc. in India. Similarly, the British (liasl India Company) introduced lea. lilchi 
and loquat from China; cabbage, cauliflower and other vegetables from Mediterranean; 
annatto {Bixo arellanu, a source of edible dye) and mahogany limber from (he We.^t 
Indies during the later part of the 18''’ century. The botanical gardens in difTerent pans 
of the world also played an imponanl role in plant introduction. The Kew Botanical 
Gardens. England arranged introduction of quinine and rubber trees from South Africa 
into India. The Central Botanical Gardens at Howarah and the National Botanical 
Gardens (N-B-G. now N.B.R.I.. National Botanical Research In.stitulc. l.ueknow) 
played a significant role in plant introduction. Organised efforts for plant introduction 
in India started only in 1946 with the establishment of a Plant Introduction Division 
at the Indian Agricultural Rcst’:>rch Institute (I.A.R.I.) at New Delhi. In 1976. ihi.s
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divi'n'on oflMant Introdiiclion was eveiitiiaUy raised to tlie status of National Bureau 
of Plant (>cnclic Resources (N.B.P.G.R) with its head quarter at New Delhi (renamed 
in 1977). Now it is the central body for collection, introduction, evaluation, 
mulliplfcalion and nuiintenance of germ plasm. of the introduced plant
materials is also done by the bureau. The bureau also supplies germplasni to the 
scientists on request. It has five substations at Simla, Jodhpur, Kanyakumari, Akola and 
Shillong for evaluation and maintenance ofgcrmplasm.

In addition to NBPGR. there arc some other agencies concerned with plant 
introduction. These are :

Forest Research Institute (F.R.I.), Dehradun; Botanical Survey of India (B.S.I.), 
Howrah; Central Rice Research Institute (C.R.R.l), Cuttack; Sugarcane Breeding 
Research Institute (S.B.'R.I,), Coimbatore, Central Potato Research Institute (C.P.R.I), 
Shiinla: Central Plantation Crop Research Institute (C.P.C.R.l), Kesaragod; Central 
I'obacco Research Institute (C.T.R.I.), Rajahmundry; International Crop Research 
Institute for Semi-Arid Tropics (i.C.R.I. S.A.T.), Fatancheru (near Hyderabad), etc.

In addition to these agencies various agricultural universities and individual 
scientists also add to the reservoirs of the germplasni. But the activities of all the 
individuals, agricultural universities and agencies involved in plant introduction are 
coordinated by NBPGR, which bears the ultimate responsibility for plant introduction 
activities. So all the introductions in India must be routed through the NBPGR, New 
Delhi. Similarly, International Plant Genetic Resource Institute (IPGRI) located at 
Rome, Italy deals with introduction of plant material on global level.

Objectives or purposes of plant introduction
The following are the major objectives of plant introduction :
Economic Uses ; Many agricultural crops can be introduced for use as new source 

of food, vegetables, fibers, wood, fruits etc. With this some outstanding inlroduclions 
can also be directly used as new crop varieties c.g.. 1R8 and TNI in rice and ‘Sonora 
64‘ and ‘Lcrma Rojo' in wheal. These varieties have superior commercial value. Some 
crops arc inlroduced to protect it from diseases or pests.

Ulili/atioii in crop improvement programmes : New plant introductions can 
also be used for genetic improvement of the cullivated species by hybridization :

Utilization in scientific studies : Plant introduction also helps in the study of 
origin and evolution of crop plants.

Conservation of diversity : Introduction of crop plants can be used in 
conservation of crop genetic diversity and saving certain species from extinction.

Use for Aesthefic value. Introduction of plants like ornamentals, lawn gra.sses, 
and shrubs are often made to satisfy the sensibilities of the man.

Crap Improvcmeni Mjthculs

CENTERS OF ORIGIN
It is necessary for plant breeder to have some knowledge about centers of origin 

of the crop plants. Once the centers are known and the diversity is available, the next 
step is the introduction of the germplasni to the place of use either directly for 
cultivation or to be used for plant breeding. Center of origin of a crop is a place where 
this crop species initially originated. Center of diversity on the other hand for the same 
plant species is the area, where maximum diversity’ is available.

Nikolai ivanovicJi Vavilov, a Russian plant breeder (Director, Institute of Plant 
Industry. Leningrad) conceived the idea that vast genetic variations within a particular 
crop species are generally concentrated within small geographic areas. He collected the 
plants Jrom a)) over llie world and published his work “The Centers of Cultivated 
Plants'' in 1926. He observed that the centers of diversity for many species occupied
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the same small geographic area. From these observations he identified eight major 
centers of diversity. These are:

Plant Brei;cling. Biotechnology and 
Genetic Lngineeriiig

Fig. 2.1. Centers of origin and diversity for the major crop species, as identilled by Nikolai I.
Vavilov.

(i) Chinese center : adzuke bean, millet, naked oat,' sesame, soybean.
(ii) Indian center ; rice, bean, chick pea, aboreiim cotton, jute, Finger millet, 

mungbean, rice, sugarcane, taro, yam
(iii) Indomalayan center : banana, coconut, sugarcane, yam
(iv) Central Asiatic center : chickpea, flax, lentil, pea, rye, safflower, sesame, 

bread wheat.
(v) Near Eastern center : alfalfa, barley, chick pea, flax lentil, melon, red oat, 

pea, rye, sesame.
(vi) Mediterranean center: broad bean, cabbage, lettuce, hulled oat, durum wlieai
(vii) Ethiopian (formerly Abyssinian) center : barley, chick pea. flax, lentil, 

finger millet, pea, sesame, teff, tetraploid wheat
(vili) South Mexican and Central American center ; common bean, corn upland 

cotton, cucurbits (gourd, squash, pumpkin), sisal hemp.
(ix) South American (Peruvian-Ecuadorian-Bollvian) center : lima bean, sca- 

island cotton, potato, sweet potato, tobacco, tomato
(x) Chiloe center : potato
(xi) Brazilian-Paraguayan center : cacao, manioc, peanut, pineapple, rubber

tree.
Vavilov suggested that the center of diversity for a crop is the center of origin 

for this crop. He proposed that crop plants evolved from wild species in the area.s 
showing great diversity and termed them as primary centers of origin. Later crops 
moved to another areas. These areas lack the richness in variation found in the primary 
centers of origin. But in some areas, certain crop species show considerable diversity of 
forms although they did not originate there. Such centres are known as the secondary 
centers of origin of these species.

PROCEDURE OF PLANT INTRODUCTION
Following steps are involved in introducing any plant material in any country :
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(I) Purpose of introduction
ll is importaiu lo note as for vvliat purpose plant material is introduced, e.g.,
□ I'o study lltc modincations in characters due to change of climate etc. - seeds 

and cuttings should be introduced.
□ I'or preservation of herbaria in museum-Whole plant with all parts should be 

iiilrodiiced.
□ Tor use in botanical garden-vegetative parts should be introduced.
□ In plant brecding-lhe type of material to be introduced depends upon the 

stages of breeding programme e.g., seeds, pollen grains etc.
So, depending upon the purpose and the nature of the crop, any plant material like 

seeds, cuttings, tubers, plant seedlings, pollen grains etc., can be jjitroduced.
j

(ii) Place of introduction
A crop materia! can be introduced from the region or country where the greatest 

variation i,s Ibund in that particular species. The soil, climatic conditions and the 
respective region should be considered carefully.

(iii) Procurement of plant material
Plant material for introduction can be procured by the following methods :
(i) Kx]iloraiion : The probable place of collection may be within or outside the 

country. With the consent of the concerned country expeditions may be organized to 
collect material from natural habitats and the introduce them to other places.

(ii) Exchange : The plant material can also be obtained on an exchange (give and 
take) basis from friendly country either directly or through various agencies like l-'.A-O. 
office. U.S.A.I.D., Rockefeller Foundation. Ford Foundation etc.

(iii) Purchase or gift: Desired plant material can also be purchased or obtained as 
free gift from institutions or individuals.

(iv) Packing or dispatch
Depending upon type of material various methods are adapted to pack and 

dispatch. Plant material, e.g., pollen grains arc preserved and packed according to their 
behaviour for duration or viability and the temperature at which they remain viable.

(v) Quarantine
Quarantine means lo keep materials in isolation to prevent spreading of disease 

etc. All the materials being introduced must be covered by an authentic phylosanitary 
certificate from the source country' i.e., they must be declared free from disease, weeds 
and insect pests. It is the responsibility of the MBPOR to ensure that the introduced 
plant material conforms lo quarantine regulations,

(vi) Cataloguing
On clearance from quarantine the material is catalogued,

(vii) Evaluation
The evaluation of the plant material is done by NBPGR at various research 

stations under proper conditions. The resistance to disease and pests is evaluated under 
environments forcing heavy attacks by the diseases and pests,

(viii) Multiplication and distribution
If found suitable, the introduced plant material, are multiplied, and released 

directly as new varieties. These plant materials are maintained and made available on 
request lo those who need it.

Crop /niproveiiic'iti iVIciliod.'i
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Merits of Plant Introduction
U has all the merits of supplementing plant breeding programmerse.g.,
O This method is applicable to all self-pollinated, cross-pollinated and 

vegetatively propagated crops,
□ Most easy and quick method to provide entirely new crop plants.
Q May provide superior variety.
□ Good method of collection and cultivation of germplasm.
□ Effective method of conservation of those crop species which have been 

threatened by the danger of extinction.

I’luni Breeding, Biotechnology and 
floiiciic liiiginec] ing

Demerits of Plant Introduction
In the past, quarantine rules were not available. Plant introduction was associated 

with introduction of weeds, diseases and pests. E.xamples of some of these arc as 
follows :

Weeds; Phalaris w/wor-introcluced with wheat crop from USA. Lanlima canicira 
from Australia; Argemone mexicana, Eichorniu crassipes entered tlie country ihrougli 
some foreign accession.

Pests ; Potato tuber moth entered in India in 1900 from lllay, wooly apiiid (pest 
of apple in North India) and fluted scale (pest of Cilrm) were also introduced in India 
along with plant introduction.

Diseases : Late blight of Potato (caused by Phy/ophlhora inje.slans) -was 
introduced in India from Europe in 1883,

□ Leaf disease of coffee (caused by Hemileia vasialrix-w&s introduced in India 
from Sri Lanka in 1876.

□ Fire blight of apple and pear (caused by Erwi/iia aiiiy/ovora}-camc in India 
from England in 1940.

□ Bunchy top of banana (caused by Banana virus !)-.-eiitered in India from Sri 
Lanka in 1940.

□ With tliis the introduced species may disturb the ecological balance e.g-.. 
Eucalyptus species (introduced in India from Au.stralia) may rapidly deplete 
the subsoil water reserves.

Some important Achievements of Plant Introduction
Introduced plant material is utilised in many ways. Some of the achievements of 

plant introduction are :
(i) New crop species : Maize, potato, sweet potato, groundnut, chillies, cotfec, 

Heveu rubber, guava, grape, pineapple, papaya etc., several ornameiitais like gulmoliar. 
Cassia. Bougainvillea, aster, snapdragon etc.

(li) Directly released as varieties : Dwarf wheal {']' aesiiviim), ‘Sonora (i4‘ aiici 
‘Lerma Rojo' varieties of wheat, IRQ. IR 21 and IR 28 of rice. Bonneville and Early 
Badger of peas. Dclcrest and Virginia gold of tabacco clc.

(iii) Selection of desirable types : If the introduced material is a mixture oi' 
heterozygous, selection of desirable or superior types may be made for next generation. 
e.g., two varieties of wheat, Kalyan sona and ‘Sonalica’ were selected-from 
introductions from CIMMYT, Mexico.

(iv) Using as donor : Introduced material may be used for disca.se resistance, pest 
resistance etc., for e.g.. today ‘Norin‘ in wheat is used in all dwarf varieties.

(v) Varieties developed through hybridization : Introductions are vvidelv used 
as parents in hybridization, e.g..

□ Sugarcane varieties have been derived from noble cane {Sucvhuntni 
officinarum)

□ Tomato variety “Pusa Ruby" was obtained from a , cross “Sioux" atid 
“Mecruli."
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□ Tomiito Variety “Pusa Early Dwarf’ was obtained from a cross between “Red 
Cloud” (American) aiid “Meertiti”.

□ Pioneer cotton hybrid H'* was obtained from'a cross between “Gujarat 61" 
and “American nectariless.

(vi) Mutation breeding : ‘Sonora 64’ a variety of wheat was introduced in India 
from Mexico. It had red grains and hence was not acceptable to farmers and consuwers. 
Dr. M.S. Swaminathan treated the seeds of this variety by gamma-rays and produced 
an amber colour mutant, ‘sharbati Sonora’. It was acceptable to both farmers and 
consumers.

Crop Improvcmcni Methods
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2.2. ACCLIMATIZATION
Acclimatization follows the introduction and both processes go side-by-side. 

Acclimatization is the adaptation or adjustment of an individual plant or a population of 
plants under the changed climate for a number of generations. Thus, it is a sort of 
natural selection operating into the introduced plant material. Some important facts 
about acclimatization are :

Q Genetic variability must be present in the introduced material for 
acclimatization to occur.

□ Due to better genetic recombination, cross pollinated species have better 
acclimatization capacity than self pollinated crops.

Q Annual crop has better acclimatization capacity than perennial crop because in 
annuals each generation would produce new gene recombination every year.

□ If the period of acclimatization is very long, the mutation also plays an 
important role in acclimatization.

DOMESTICATION
All cultivated plants today were wild some day. The process of domestication 

started when man started use -of superior plants. Domestication is the process of 
bringing wild species under human management.

Or
Domestication is the taming and training of plants to suit the human needs 

and putting them under cultivation.
Or

Domestication of plants is the change of ideotype to adopt them better to man 
made environments.

ll is the first step in the development of cultivated plants. Most of the crops were 
domesticated by the pre-historic man under domestication and the crop species have 
changed considerably. Dorriestication of wild species is still being done and is likely to 
continue for a long time to come. A notable case of recent domestication is that of 
several members of family Euphorbiaceae producing latex. The latex of these plants 
may be commercially used for extraction of petroleum products including petrol and 
diesel._______________________________________________

2.3. SELECTION
It is the simplest and oldest breeding method. It is also called as German 

method or German method of broad breeding because once it was used nicely in 
Germany for improving the sugar beets and small grains such as rye and wheat. It can 
be defined as preserxation of certain individual plants of desirable characters. In 
simplest form selection means choosing plants of one’s choice. It is the basis of all 
crop improvcmciil. Even today it is most common method of crop improvement among 
the cultivators. Selection is of two types :
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1. Natural selection
This is a natural process. It operates in the nature without human intcricrcnce. 

According to Darwin’s principle “Survival of the fittest” plants which survive through 
the adversities of nature are preferred and the weaker ones are wiped out. Thus, iiaiure 
itself selects the fittest organisms. So, natural selection favours those characters which 
are essential for survival of a species. The selection pressure ultimately resulted in the 
appearance of many differences between species and subspecies. Natural selection has 
given the cultivated crops and ‘ecotypes’' in plants.

I’hinl Breeding. Biotechnology and 
(lenctie Engineering

2. Artificial selection
It can be defined as to choose certain individual plants for the purpose of having 

better cro^ from a mixed population where the individuals differ in characters.
Here the selecting agent is man. Man exploits the variations existing among the 

species. He picks out a few plants of better quality from mixed populations and tries to 
propagate them.

There are 4 methods of artificial selection ;
(i) Mass selection 
(iii) Pureline selection

(ii) Progeny selection 
(iv) Clonal selection.

(i) Mass selection : It can be defined as “selection of a number of 
phenotypically superior plants heads or seeds from the field population, harvesting and 
bulking their produce together for sowing the next year’s crop and repeating this 
process till desired characters are achieved. This is the simplest and oldest method of 
crop improvement practiced by farmers. Mass selection is based on phenotype {external 
characters) and the harvested seeds are composited without progeny testing. It cannot 
bring any new change in the genotype. It can be practised in both .self-pollinated and 
cross-pollinated crops. In cross pollinated crops it is usually practised for population 
improvement purposes, whereas in self pollinated crops it has only a limited use of 
maintaining purity of a variety.

(i) Procedure : Most vigorous plants from the mixed population of a crop arc 
selected. These plants are thrashed together and a mixture of.seeds is obtained. This 
mixture of seeds is a mass, and, therefore, it is known as mass selection. The mixture 
•SO obtained is sown for raising the new crop from which selection is made similarl\ in 
the next year. This process of selection is continued till the plants show unil'ontiity in 
the desired characters and they constitute a new variety. A general procedure for 
developing a new variety by mass selection is as follows :
Step 1. Seeds of desired plants with similar phenotypes (500-1000) 

are selected, harvested and thrashed together.
Seeds selected in I year are grown in isolated plots’ 
compartments' with standard varieties as' check for 
comparison. Best performers are Selected and others arc 
discarded.

1 Year

. -..-.i-jiif'.(ii'.ii) III YearSlepII.

Step III. Main yield trials arc carried out to determine the 
performance and adaptation in comparison with standard 
varieties as check.
Trials on the selected seeds are conducted on the 
experimental farms of regional rc.scarch stations or 
cultivators holding for three consecutive years to determine 
the adaptability of strains in different regions. In the eighth 
year variety is produced, named and dislribuied.

Ill-VYear

Step IV. Vl-Vlll Year

t. l-uiivpi.'s (I’liysic'lugiciil race): Morphologically and/or pliysiologic.illy di'.iiiicl popiilalion of a spccjcs occiipyiii!! a 
parlicular habilac in which characters arc irreversible and genetically dcicniinicd but Ihc ecotype is iincircillle wiih 
other ecotypes belonging to same ccospccies.
2 1 he licld IS divided into dil'fcrerl compiirlinems, say aboul l.s square led. to eliininaie ihe clTecls of the vaiiabihiy 
ill llic soil reriility and llicret'ore. mass seiection is also known asComiiartinciUal sclcclion.
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Merits:
(A) It is more of an art than a science because it needs no scientific knowledge.
(Ji) Simplest, easiest and quickest method of crop improvement.
(C) Pollination need not to be controlled to provide a new variety.
(D) I'o meet the need of the farmers, it is the only method for improving the local

or wild varieties. ^
Demerits: i v
(A) Importance i.s given to phenotypic characters only. ' i-
(B) 'I'herc is no control over pollination, which causes greater heterozygosity and 

as a result the desirable qualities gradually diminish.
(C) It is not possible to increase the yield because;

(a) Importance is given to material characters only.
(b) Environmental effects cannot be separated out.
(c) Pollination may be both by superior and inferior pollens.

(D) This method of crop improvement is not applicable to self-pollinated crops 
(due to less amount of heterozygosity).

(E) In cross-pollinated crops variety produced is heterozygous /,e., mixture of 
different genbtypes,

(ii) Progeny selection : Progeny selection is commonly used in cross-pollinated 
and often cross-pollinated crops. Progeny (offspring) can be defined as new individual 
organism that results from the process of sexual or asexual reproduction. Progeny 
selection is the selection procedure in which superior plants are selected from a 
heterogeneous population on the basis of performance of their progenies. In other 
words, primary selection refers to selection of plants from a diverse population on the 
basis of their progeny test. The test of genotypic value of an individual based on the 
basis of performance of its progeny is called progeny test. The test evaluates the 
breeding value of a single plant by the performance.of its progeny. In 1856, a French 
man Louis Leveauc do Vilmorin utilized the progeny test to increase the sugar contenl 
in the wild sugar beet, hence it is also known as Vilmorin principle.

Procedure
Progeny selection is done in various ways but the simple method is ear-to-row 

method. This method was developed by Hopkins (1908) and is extensively used in 
maize.
Step 1 50-100 plants are selected on the basis of their superior I Year

phenotypes and allowed to open-pollinale. The seed from 
each plant is harvested separately.

Step II 10-50 seeds of each selected plant are grown in separate II Year
progeny rows. These rows are evaluated and superior ones 
are identified. Plants allowed to open pollinate and seeds 
harvested separately.

Step III Same as in third year; may be repeated one or more times, III Year 
seeds are released for yield trials.

Crop Improvcmtni Method.^

Merits
(i) This method is very simple and convenient.
(ii) In the identification of superior genotypes, this method is more effective than 

mass selection because it is based on progeny test and not on the phenotypes 
of the individual plant.

(iii) Inbreeding may be avoided if sufficiently large number and diverse progenies 
are selected.
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Demerits
(i) There is no control over pollination. Plants are allowed to open pollinate.
(ii) Certain methods of progeny selection are complicated.
(iii) If the progeny of each plant is tested in isolation, it would require lot of area 

which is not practically possible.

Pliiiit Breccliiic. Biotechnology and 
Genetic Engineering

(i) Plajiis .seleeicil on the hriM'i orplienmvpe 
(iitOpeii-polliiiaied seed Itom eneli plant 

harvested sepataiciv.

Kirsl Sck-tlini! 
cmIcI-'IIEST

YEAR

ORIGINAL
r-OPOLA'IION

fi) Small progeny rows grown Ironi ilic 
selected pltuils.

Iii) Superior progenies idem died.
(ill) riienoiypieally Superior piaiits seleeiccl 

from the superior progenie.s.
(iv) (’lams allowed to opeii-pollinaic; seeds 

liiiA’csIed sepanilely.

Y
SECOND

'I’E.AK
Second
Sctcelioii
cycle

Y
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THIRD
YEAR As in Items (i) to (iv) in ihc seeonci war

Y

y
MAYBE REI’EA'IT.D 

ONEOR VIORE TIME.S

Y
YIELD I'RIAES

Kig. 2. Ear-to-ro'v method of progeny selection.

(Hi) Pure line selection : It can be defined as the process of isolating a desirable 
homozygous individual from the mixed population and multiplying the same 
without contamination to release as a new variety. The method of pure line selection 
has been developed from the classical work of W. L. .luliaiisscn (1903). a Danish 
botanist, and is commonly used to improve the self-pollinaicd crops. He worked on the 
Princess Variety of beans {Phaseolm vulgaris) and pul forward pure-line thcoi^-. ilc 
first of all suggested the term pure line and defined it as the descendants of a single 
self-fertilized organism of homogeneous factorial composition. Later on many 
authors defined the term pure line and some of the important definitions

I’rogeny of a single individual obtained by selling is called a pure line.
Siiinot, Dunn and Dob/.hansky (1950) 

Darlington and Mater (1952) 
A strain of an organism that is pure genetically (homozygous) because of

llayes, immer and Smith (1955)

A strain in which all members have descended by self-fertilization from a single 
homozygous individual.

Simply pure line can be defined as :
A group of plants all obtained from a single self-fcrtili/cd homozygous plant.

are :

A pure line is an inbred homogcnic strain.

continued breeding through other means.

Or
A strain made up of the progeny of a single self-fertilized homozygous 

individual.
.Johansson (1903) isolated 19 different lines on the basis of seeds weight (large 

and small seeds) from the original seeds of Princess variety and planted them 
separately. (Beans are self-fertilized; the seeds in the original lot were homozygous for
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genes affecting seed weight. Selection within the original mixed lot of beans was 
effective in isolating lines that were genetically different).

Crop impRivemeiil Mclhads

Mixed lot of beans

random selection 
for size

Pure line 
No. 19

Pure line 
No 1

poooO
0.6426 g \

COOOQ oooOO oOOOO GOOOO
0.631 g0.348 g

Fig. 3. Puri; line selection In beans. Tlie experiment demonstraieil that a mixed population of a self pollinated 
crop may be separated into pure lines inherently different, but that further selection with a pure line is ineffective

in changing the genotype of the line.

Seeds obtained from these plants were analysed for size and weight. He found that 
seeds obtained from each plant varied in size and weight but on an average the large 
seeds parents produced progeny with heavier seeds and the smaller seed parents gave 
rise to plants with smaller and lighter seeds. He observed that a pure line (Pure Line 
No. i) produced beans averaging 0.64 g in weight (Fig. 3).

Another pure line (Pure Line No. 19) produced beans averaging 0.35 g in weight. 
The average seed weight of progenies of beans selected from Pure Line No. 1 was 
similar to that of the parent line. Likewise, progenies of seeds selected from Pure Line 
No. 19 were similar to their parent line in average seed weight. On the basis of his 
experiments he concluded that;

□ Selection with-in the original lot of beans was effective because the plants 
had genetic variation.

□ Continuous breeding led to homozygosity.
□ Variations in the pure line resulted from environmental factors only.
□ Selection within a pure line was not effective because all the plants in a pure 

line had exactly the same genotype.
Procedure
Generally a period of 10 to 11 years is required to produce a variety by pure line 

selection in cross-pollinated crop. It is as follows ;

At the time of harvest large number of single plants 
(200-1000) are selected from the mixed population of 
ryot's field. Product from individual plants is picked, 
separated and numbered.

Step II. 20 to 50 seeds of individual plants are grown in 
individual rows for observation. Defective rows (like 
susceptibility of diseases) are discarded and the superior, 
i.e., the desired progenies of rows are harvested. Seeds 
from plants within each row are composited together 
and this composite produce of each row becomes an 
experimental strain.

0 358g 0.649 g

I YearStep I.

II Year
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i‘lnni Urccding. Biotcchnolog\' and 
OciKlic l^nginccring Preliminary yield trials are conducted by repeating step 

11, Desired progenies arc selected on final visual 
observ’ations and seeds arc composited separately.

Selected plants of step III arc tested in larger plots 
taking standard checks in replicated plots (These are 
main trials)

Seeds selected in step IV are multiplied.

Seed of superior strain is sent to progressive farmers in_ 
difTcrent regions for district yield trials on riot's Held. 
On the basis of perfonnance, one or two strains arc 
selected, named, multiplied and distributed to the 
farmers for general cultivation in subsequent years.

Stcp]1]. Ill Year

Step rv. IV to VI 
Year

Step V. 

Step VI.

VII Year

VIII to X 
Year

Ryors Bulk

I
The butk e mixture ol typos er>0 con oo 
sorted out. Sirtgle plonts ore soioctcd.

The Single ptnrtis ore sown indIvWuBity and 
tested for purhy.

Tho promising ortes ore toter tested tor )4eld In 
tripper plots using the locsl types ns standnrd
for comporison.

jtifiHV.k-.u-. V
■r.

(tii The yield triols ore also conducted 
in the ryot's Helds.

Improved oelocilon is released as n strain 
trom the research siatron,

1^*1

IMPROVED STR«N'LOCAL BULK

Kig. 4. Diagram to illustrate the various steps involved in pure line selrcii on.

Merits
1. This is the only method to improve the local varieties of sclf-pollinaicd 

crops. Best genotype for yield,' disease resistance, pesi resistance.
■--carlincss, quality etc. can be isolated from a heterogeneous or mixed 

population of an old variety.
2. This method is easier than hybridi7.ation (emasculation and crossing over)
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3. The variety developed by this method is extremely good in appearance 
and performance and, therefore, is more attractive.

4. This method is also used both in self and cross-pollinated crops for 
production of pure lines and inbreeds.

Crop Improvcnieiii Moihods

Dem'erifs
1. It is very lengthy and laborious process.
2. This method is applicable to self-pollinated crops. It cannot be used for 

development of varieties in cross-pollinated crops.
3. This method can isolate only superior genotypes from the mixed 

population. It cannot develop new genotypes.
4. lixlreme homozygosity may result in low yield and other undesirable 

characters.
5. Due to high degree of homozygosity, variations among the varieties are 

also limited. Therefore, their adaptability to varied environmental 
conditions is also poor.
DilTcrcnce between mass selection and pure line selection.

Pure line selectionParticuliirs Mass selectionS. No.
More of an art than a science More ofscience than an art1. Nature

As old as agriculture itself Not so old as is mass selection2. History
Large Less■ 3, Number of plants 

selected in first year
Procedure Selected plants arc kept separate 

and the progeny ol'cach plain is 
sown separately in an individual 
row in the next year.

Selected plants are mixed together 
and sown as such in the next year

4.

Progeny as well as the 
individual performance is tested

Not carried outTesting of Progeny5.

No control Controlled6. Control
pollination

over

Homozygous and is. therefore, 
more lasting

Heterozygous and deteriorates 
very quickly due 
heterozygosity and 
pollination

Type of developed 
viiricly

7.
to

cross

No need to repeat every yearr.very year to maintain ihe purity
Suited to large areas under 
varying environmental conditions

Repetition of process8.
Not suited, adapted to a limed 
region.

Adaptiibilily0.

About 10 years.About 8 yearsI'ime taken10.

(iv) Clonai Selection : A variety tliat is propagated vegetativeJy from a single 
plant is called clone or progeny of a single plant obtained by asexual reproduction is 
known as clone or all the vegetative progenies of a single plant are called a clone. A 
clone may be defined as a group of individuals of like genotypic composition 
traceable through asexual reproduction to a single ancestral zygote. Selection of 
dc.sirsiblc clones from the mixed population of vegetatively propagated crops is 
known as clonal selection.

Or
Clonal selection is the selection and propagation of the desirable variations 

between the clones as well as within a clone.
clonal selection generally may be practised with non-flowering or those species, 

which produce seeds poorly or only under special conditions. Generally, these species 
are divided into four categories. These are ;

(i) Non flowering species : Garlic, ginger, betel etc.
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(ii) Low seed setting species : Sugarcane, potato, sweet potato etc.
(iii) Normal flowering and seed setting species : Citrus, mango, pear, peach, 

apple, litchi, loquat and many ornamental plants (to maintain the heterozygous balance 
vegetative reproduction is essential).

(iv) Apumictic species : Agave, Onion, LUhnn. Allium. - Roses.
Bryophyllvtu etc. (no seeds produced when apomixis occurs).

Characters of Clone
(i) AN the individuals of a clone are genotypically and pheiiotypically identical.

(ii) Genetically, all the members of a clone arc homogeneous and heterozygous.
(iii) Clones are as stable as pure lines-
(iv) A clone is also multiplied vegetatively in future generation,
(v) Mutation is the only means of creating variability.
Procedure :
Selection of clones is done from mixed population of vegetatively propagated 

crop. However, the unit of selection differs from crop to crop c.g.,
Stem Cutting : Sugarcane, betel vine, black pepper, fodder grasses, some 

ornamental and hedge plants.
Grafts and buds : Mango, citrus, apple, many fruit trees, rose, and many 

ornamental plants.
Tuber : Potato,

Suckers : Banana, Pine-apple, aloe, agave, Chrysan/hcimim.

Bulbs : Onion, Garlic, tulip, lilies.
Runners : Oxalis, Doob grass.
Stolons : Mint, Mentha etc.

Rhizomes and Corms : Ginger, Canna, Turmeric, Co/ocav/fl. etc.
Root and root cuttings : Sweet potato, Dahlia. Asparagus, mango ginger etc.

The year-wise scheme of clonal selection is as follows :

Step I From a mixed population of vegetatively propagated 
crop, few to several hundred superior plants are 
selected on the basis of yield, maturity, plant height, 
disease resistance, days to flowering etc.

Step II Clones from the selected plants are grown separately. , . II Year
Based on the morphological characters superior clones 
are selected.

Step III Selected clones are grown along with a standard check 
and preliminary yield trial is done. Few outstanding 
clones are selected on the basis of these trials.

Step IV Selected clones in step III are put to multi-location 
yield trials, Superior clones are identified for release 
of a new variety.

Step V Superior clone is released as a new variety. Seed is 
multiplied for distribution (Fig. 5)

The variety produced is stable possessing all the original characters of the parental 
clone as such.

Plain BrokiJing. Biolcdinokigy and 
Goncln; l-ngiiiceriiig

I Year

III Year

IV to VI 
Year

VII Year
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Crop Improvemcnl McihixlsFew to several hundred superior plants selected.I'lKST
YFAK

WV. ••
MlXTIIRFOFCLONl'S

SIlCONn
yi:ar (i) Clones from the selected plants grown separately.

(ii) Desirable clones selected.. CLONES FROM 
SI'l.l'CTKD PLANTS

(i) Preliminary yield trial with standard checks
(ii) Selection fbr quality, disease icsistancc etc. 

Diseases nurseries may be pianted.
(iii) Few outstanding clones selected.

TI-IIRD
VKAR PRLLlMINARy 

YU-:l.,0 TRIAL

(i) .Multilocation yield trials with standard checks.
(ii) Dost clone identified for release as ii new vaiicty.

I'OURTII-SIXTH
YLAR

MUI.'I'ILOCATION 
YILl.D TRIALS

» •

(i) The best clone released as a new variety, 
(li) Seed multiplication for distribution begins.

SLVLNTII
YL'AK

SLLD MIJL I'|Pi..lCAI'ION
Fig. 5. Procedure nfcloiial selection in asexiially propagated crops. Tfiis method of selection applies to a crop in 

which one gcnernlion docs not take more than one year.

Merits
(i) It is the only method to improve the clonal crops.
(ii) It offers an opportunity to exploit desirable mutations in somatic parts of 

plants.
(iii) It also helps to eliminate unproductive and undesirable types.
(iv) This method is helpful in conserving hybrid vigour for several generations.
(v) Varieties are as stable as pure lines and easy to maintain because there is no 

danger of deterioration due to segregation and recombination.
Demerits
(i) In this method no new genetic variability can be created.
(ii) 'I'his method is applicable only to vegetatively propagated crops.
Achievements
(i) New varieties of potato like Kufri red and Kufri safed; PeddaNelum in mango; 

I’idi Monthan; Bombay green, high gate in Banana etc.
DifTcrcnce between Pure line and Clone

ClonePure lineS. No. I’articuliirs
In asexually propagated cropsIn self pollinated cropsI. Occurrence
Homogenous consisting 
hctcroiygous plants

ofofHomogenous consisting 
homozygous plants

2. Genetic
Constitution

Produced by vegetative propagation. ■■Produced by natural seU'-pollination.r Maiiileniincc
Progenies of a single vegetatively 
propagated usually heterozygous 
individual.

Progenies of a single self fertilized 
individual

4. Type of Progeny

WideNarrow5. .Adaptation
As variety and in hybridization alsoUtilised as improved variety and 

parents for hybridization
6. Utilization
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2.4. HYBRIDIZATIONI’hinl [Breeding, Biotechnology and 
Genetic Engineering Individual produced as a result of cross between two genetically difforenl parents 

is known as hybrid. The natural or artificial process that results in the formation 
of hybrid is known as hybridization.

Or

The production of a hybrid by crossing two individuals of unlike geiietical 
constitution is known as hybridization. Hybridization is an important method of 
combining characters of different plants. Hybridization does not change genetic 
contents of organisms but it produces new combination of genes.

The first natural hybridization was recorded by Cotton Mather (1716) in corn. 
The first artificial interspecific plant hybrid was produced by Thomas Fairchild in 
1717. It is commonly known as ‘Fairchild Mule'. Hybridization was (list of all 
practically utilized in crop improvement by German botanist Joseph Koerauter in 
1760. Mendel onward, the hybridization had become the key method of crop 
improvement. Today, it is the most common method of crop improvement, and the vast 
majority of crop varieties have resulted from hybridization.

Objectives of hybridization
• To artificially create a variable population for llie selection of types with 

desired combination of characters.
• To combine the desired characters into a single individual, and
• To exploit and utilize the hybrid varieties.
Types of hybridization
Hybridization may be of following types :
(i) Intravarielal hybridization : The crosses are made between the plants of the 

same variety.
(ii) Intervarietal or Intraspccific hybridization ; The crosses are made between

the plants belonging to two different varieties. • •
(iv) Interspecific hybridization or intragenric hybridization : The crosses are 

made between two different species of the same genus.
(v) Introgressive hybridization ; Transfer of some genes from one species into 

the genome of the other species is known as introgressive hybridization.
The crosses between different species of the same genus or different genera of ihe 

same family is also known as distant hybridization or wide crossing. Such crosses 
are called distant crosses.

Procedure of hybridization
It involves the follow'ing steps :
(i) Selection of parents-
(ii) Selfing of parents or artificial self pollination.’
(iii) Emasculation.
(iv) Bagging
(v) Tagging
(vi) Crossing
(vii) Harvesting and storing the fi seeds
(viii) Raising the/^i generation.
(i) Selection of parents : The selection of parents depends upon the aims and 

objectives of breeding. Parental plants must be selected from the local areas and are 
supposed to be the best suited to the existing conditions.

(ii) Selfing of parents or artificial self-pollination. It is essential tor inducing 
homozygbsity for eliminating the undesirable characters and obtaining inbreds.

t • •

28 Se//- Insiniciional HaU’rial



(iii) Emasculation : It is the third step in hybridization. Inbreds are grown under 
normal conditions and are emasculated. Emasculation is the removal of stamens from 
female parent before they burst and shed their pollens. It can be defined as the removal 
of stamens or anthers or the killing of the pollen grains of a flower without 
alTccting in any way the female reproductive organs. Emasculation is not required in 
unisexual plants but it is essential in bisexual or self-pollinated plants. Various methods 
used for emasculation are :

(a) Hand emasculation or Forceps or scissors method : This method is generally 
used in those plants which have large flowers. In this method the corolla of the selected 
flowers is opened and the anthers carefully removed with the help of fme-tip forcceps. 
Following are the important precautions while performing this method :

• Flowers should be selected at proper stage.
• Stigma should be receptive and antliers sliould not have dehisced.
• All the anthers should be removed from the flowers without breaking (Fig.

eVop lmprovi;mcni Mcliiodj.

6).
• Stigma and ovary of the flower should not be damaged.

Kig. 6. (A-F) Emasculation in wheat. (A) Spike of spikelets, (B) spikclet, (C) Floret. (D) Upper and 
lower spikelets removed, awns removed, upper portion of florets cut, (E) Anthers removed with the 

help of fine-tip forcceps. (F) Removed anther.
(b) Hot Water Treatment: Removal of stamens with tlie help of foreceps is very 

difficult in minute flowers.dn.such small hermaphrodite flowers (e.g., Bajra, .lowar) 
emasculation is done by dipping the flowers jn hot water for a certain duration (1-10 
minutes) of time. The time varies from species to species. This method is based on the 
fact that gynoecia can withstand the hot temperature at which the anthers are killed. In 
this method, an equipment is used which is placed on a simple heavy stand. It consists 
of a cylindrical metallic container of 60 cm length, with one hole of 5 cm to 16 cm 
diameter on one end. to pass over a bajra or jowar head. After inserting the panicle 
inside the container, a cork is fitted in the hole to close it. A 35 cm long rubber tube or 
belt is stretched over the side of the container, and when in use this tube is tied around 
the peduncle of the head. To measure the temperature, in the upper side of the container 
a thermometer is placed. In the field water is carried in a thermos Jug (Fig. 7). The 
panicle is ihserled in the container prior to blooming, for a particular duration of time. 
It has been observed that pollen grains of rice are killed by immersingtlie inflorescence 
for 5 to 10 minutes in hot water maintained at 40-44°C in a thermos flask.

Sclf'/iislniclioiuil Miiii/rinl 2*) ■



Plant Bri;eiling. Biottftlinology and 
Gciiclii; Engineering

^Xz T I
Thermometer

Metalic
container

Cc Rubber belt

—Stand

Fig. 7. Hot water equipment for emasculation.
(c) Cold water treatment : Like hot water cold water also kills pollen grain.s 

without damaging the gynoeciiim. In rice 0-6°C temperature is maintained to kill the 
pollen grains. This method is less effective than hot water treatment.

(d) Alcohol treatment method : This method is not commonly used for 
emasculation because duration of treatment is an important factor since a very short 
duration is required failing which even the gynoecium may be damaged. Flowers or 
inflorescence are immersed in alcohol of a suitable concentration for a short period. In 
alfa-alfa, a treatment of even 10 second with 57% alcohol is sufficient to kill the pollen 
grains.

(e) Suction method : It is a mechanical method and is suitable for the crops 
having minute flowers. In this method the amount of pressure is applied in such a way 
that only anthers are sucked out and other parts of the flower like gynoecium remain 
intact. However, in this method 10-15% self pollination takes place. It is one of the 
major drawbacks of this method.

(f) Male sterility or self-incompatibility method :'Emasculation option can be 
eliminated by the use of male-sterile plants. In some self-pollinated plants for example. 
Sorghum, Onion, Barley etc. anthers are sterile and do not produce any viable pollens. 
Similarly, self-incompatibility may also be used to avoid emasculation.

(g) Chemical gametocidcs : Certain chemicals are capable of causing male 
sterility, when sprayed before flowering e.g., 2, 4-D, naphthlene acetic acid (NAA). 
maleic-hydrazide (MA), tribenzoic acid etc. FW450 in cotton may be used for bringing 
about emasculation.

(iv) Bagging : It is the fourth step and completed with emasculation. The 
emasculated flower or inflorescence is immediately bagged to avoid pollination by any 
foreign pollen. The bags may be made of paper, butter paper, glassine or (Inc cloth. 
Butter paper or vegetable parchment bags are most commonly used. The bags arc tied 
to the base of the inflorescence or to the stalk of the flower with the help oftliread. wire 
or pins. The bagging is done with emasculation in bisexual plants and before the stigma
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rcceptivily and dehiscence of the anthers in unisexual plants. Both male and female 
llowcrs are bagged separately to prevent contamination in male flowers and cross
pollination in female flowers (Fig. 8). •, .

Crop Improveincni Methods

Fig. 8. DilTercnt methods of Bagging.
(v) Tagging : The emasculated flowers are tagged just after bagging. Generally 

circular tags of about 3 cm or rectangular tags of about 3 x 2 cm are used. The tags are 
attached to the base of llower or inflorescence with the help of thread. The information 
on tag must be as brief as possible but complete, bearing the following information ;

(i) Number referring to the field record
(ii) Date of emasculation
(iii) Date of crossing
(iv) Name of the female parent is written first followed by a cross sign (x) and 

then the male parent, a.g.. C x D denotes that C is the female parent and D is the male 
parent.

(vi) Crossing : It is the sixth step. It can be defined as the artificial cross- 
pollination between the genetically unlike plants, hi this method mature, fertile and 
viable pollens from the male parent are placed on the receptive stigma of emasculated 
llowcrs to bring about fertilization. Pollen grains are collected in petridishes (e.g.. 
Wheat, cotton etc.) or in paper bags {e.g.. maize) and applied to the receptive stigmas 
with tlie help of a camel hair brush, piece of paper, tooth prick or foreceps. In some 
crops {e.g., Jowar. Bajra) the inflorescence of both the parents are enclosed in the same 
hag.

(vii) Harvesting and storing the /•'( seeds : Crossed heads or pods of desirable 
plants arc harvested and after complete drying they are threshed. Seeds are stored 
properly with original tags.

(viii) Raising the F\ generation : In the coming season, the stored seeds are sown 
separately to raise the /-'i generation. The plants of F\ generation are progenies of cross 
seeds and therefore are hybrids.

Hybridization methods of plant breeding in self pollinated groups
There are several methods of improvement of self-fertilized crops by 

hybridization. These are :
1. Pedigree method or breeding
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2. Bulk method or breeding
3. Single seed descent method
4. Back cross method,
5. Multiple cross method

PInnt Breeding, Biotechnology and 
Genetic linginecring

1. Pedigree method:
Record of the/ancestry of an individual selected plant for various generations is 

known as pedigree, A selection method, which is used in segregating population of 
self-pollinated species and keeping proper record of plants and progeny selected in 
each generation is known as pedigree breeding. This method is widely used for the 
development of varieties in self-pollinated crops. In this method individual plants are 
selected till the progenies become homozygous. Selection for plants in the desired 
combination of characters is started in the F2 generation and continued in succeeding 
generations until genetic purity is reached. The method may be depieled as follows 
(l-ig, 9) :

Variety X Variety B

,1

)• Bulk plot

T

i-1 Space pliinied

y
: ■ 1 Plant rowsI : I 'I ] .

IvyyyYytTyytyf4 -f :;ir ;ii ::■■■ I Families oi'pifutt rows•i

•' Families ofplaiit rows

Ff, ,! Families ol'piani row\

T
IlilllllllllllNIIIIIIIII FamiUc^ yield .rialF7

T
F'8 III I III 11 III 11 'to
F|o

Fig,'). Din'crcnl steps iiivuivcti in pedigri-e melhud.

I Year : Plants are chosen for hybridization and F\ seeds are produced,
II Year generation) : F\ plants are space planted to produce maximum 

number of/'s seeds (see Fig, 9),
III Year {Vi generation) : 2000-10000 Fi plants are space pjanted. About 200- 

500 desirable superior plants are selectcd,
IV Year {Fj generation) : Selected superior plants in III year are space planted to 

study the individual plants, 3 to 5 best plants in these rows are selected and harvested
(^4)

V Year and VI Year (F4 , F5 generation) : Process is continued as in 
generation. Normally 20-50 families may be retained at the end of/^5 generation.

VII Year (Fc generation) : Due to successive self-pollination most of the lines 
become homozygous and uniform. The plants uniform in desired characters arc 
harvested and the seed, bulked together to constitute the variety.
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VIII Year generation): Preliminary yield trials are conducted.
IX to XI year (Fg - Fin generation) : Trials of superior lines are confirmed. 

During the testing period observations are made on height, tendency to lodge, maturity, 
disease resistance and quality.

XII to Xlll Year (Fm, Fn generation) : Seeds are multiplied and distributed to 
the farmers.

Merits
(i) It is the quickest method.
(ii) Plant breeders can also obtain the genetic information.
(iii) There are chances of I'ecovering transgenic .segregation by this method.
Demerits
(i) Maintenance of accurate pedigree record is not easy. It takes much time.

/(ij) Selected material becomes so large that handling of the same becomes very 
difficult.

(iii) Success of this method depends upon the skill of the breeder.
Mass pedigree method
ll is a modified form of pedigree method in which segregating material is handled 

by bulk (mass) method when conditions are unfavourable for selection and by pedigree 
method when conditions are favourable for selection.

Crop Improvement Methods

V. 2. Bulk method or Breeding
.\ selection procedure which is used in segregating population of self- 

pollinated species in which material is grown in bulk plot from Fi to Fc. with or 
without selection, next generation is grown from bulk seed and individual plant 
selection is practised in F6 or later generations is called bulk method or breeding. 
This method is also known as the mass or population method. Niisson-Eule of 
Sweden was first to use the bulk method and it is in use ever since. This method differs 
from ihe pedigree method in that no selection is practised in Fi-Fi generations (Fig. 
10). The method is as follows :

I Year : Plants are chosen for hybridziation and F[ seeds are produced.

II Year (F| generation) : 50-100 Fi plants are grown and their Fi seeds are 
harvested in bulk.

III Year (Fi generation) : F^ plants are grown and their F-i seeds are harvested in
bulk.

IV Year (/'j generation) : plants are grown and their Fa seeds are harvested in
bulk.

V Year (/‘'4 generation) : Fa plants are grown and their Fs seeds are harvested in
bulk.

VI Year (f's generation); Fs plants are grown and their F(, seeds are harvested in 
bulk. (The process may be repeated until the desired standard of homozygosity is 
achieved. In general bulk period is allowed up to generation)

VII Year (F(, generation) : Seeds are space planted and single plant selection is 
made (Fi generation)..

VIII Year {F-] generation) : The progeny of each single plant is grown separately 
and superior progeny are selected and isolated (fg).

IX Year (Fg generation) : Preliminary yield tests are conducted (Fg).
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X-XU Year {F-rPn generations) : Multilocation field trials are carried out. best 
performing strain is multiplied for seed distribution.

I’lixui Breeding, Biotechnology and 
Genetic Engineering

VAKIFTYA''VARIETY B

Fl

I
I bulk plotr''2

î
 bulk plotF.,

H bulk plotF'.i

'•■5 bulk plot

1 t

F,, space planted

i
F7

i-
increased rows or pivliininary 
yield tests

F9
lllllflllllll vicldtes,to

Fig. 10. Procedure of Bulk breeding method.

Merits :
(i) The bulk method is simple, convenient, inexpensive and less labour 

consuming (no pedigree record is to be kept).
(ii) During early segregating generations, very little work and attenlion is needed, 

which gives the breeder more time to concentrate on other breeding projects.
(iii) Selection is done by nature only and it increases the frequency of superior 

types in the population.
(iv) This method is suitable for studies on the survival of genes and genotypes in 

populations.
Demerits :
(i) This method takes much longer time to develop a new variety.
(ii) The breeder is unable to exercise his skill and judgement in selection and 

therefore the method is less satisfying to him.
(iii) Information on the inheritance of characters cannot be obtained.
(iv) This method is totally dependent on natural selection to select the superior 

types. These types may not be necessarily the best yielding types.

3. Single seed descent method
This method was suggested by Coulden (1939) for advancing segregating 

generation of self-pollinated crops. A breeding procedure used with segregating 
populations of self-pollinated species in which plants are advanced by single seeds 
from one generation to the next is referred to as single seed descent method. The 
procedure is as follows (Fig. 11):
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VARIETY A X VARIETY B
(.Vop l/nprovcwcf?! Mcihod.'i

r Ikilk plot

r-. Single plants

h. Single plants

lA Single plants

I's Single plants

I
11IIIIIIIIIII Riant or head rows

F, llllllllllll lllllllllllll Rreliminao'yield trial

•VFa lllllllllllll Vie,dn„„
l-'in

Fig, II. Single serij-di-srent method of selection,

4. Back cross method
This method was first proposed by Harlan and Pope (1922). Now-a-days this 

method is employed in improvement of both self and cross-pollinated crops where 
varieties are deficient in one or two aspects. This method is used particularly for 
transferring a single simply inherited character like disease, frost or drought resistance 
and earliness from an undesirable variety to a good commercial variety. The desirable 
variety is called as recurrent or recipient parent and it is crossed to an undesirable 
variety, called as donor or non-recurring parent (called donor because the desirable 
genes are transferred). F\ plants instead of, permitting to self pollinate as in pedigree or 
bulk method are crossed with the recurring parent and therefore, it is called as back 
cross method (A back cross may be defined as a crossing of F\ hybrid with any of its 
parents). The procedure is as follows : , .

Suppose there are two varieties A and B. A is very good in ail characters but 
disease susceptible and the variety B is disease resistant but very poor in all characters. 
It is needed to transfer the disease resistance characters from B to A without adversely 
affecting the good qualities of A. B is then donor or non-recurring parent and A is 
recipient or recurring parent. Selected plants of A and B are crossed to raise the F\. 
generation Here A is treated as the female and B as male. F\ plant is backcrossed with 
tlie recurrent parent; variety A and BC| plants (back cross first generation) are raised. 
Here B is treated as female and A as male. Select the BCi plants possessing desired 
characters of A with disease resistance character of B. The selected BCi plants are 
again backcrossed to A till a desirable type-having good qualities of A and disease 
resistance of B is obtained (Fig. 12). Disease resistant plants are selfed and individual 
plant progenies from the selfed seeds of selected plants are grown. New variety is 
tested in replicated field trials along with the variety A as check. Seeds are multiplied 
and released for cultivation, The method is used for the transfer of a dominant gene. In 
case of recessive gene transfer, a slightly different procedure is followed. It is 
summarized in Figs. 12, 13.
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Fig. 12. DilTerent steps involved in the back cross method of plant breeding in a self pollinntvd crop, wlicii a 
dominant trait is transferred from variety B to an otherwise improved variety .\.

Merits
1. This is the most common method used for transfer for oligogenic characters like 

disease resistance.
2- It is the only method used for the interspecific transfer of characters, transfer of 

qualitative characters, quantitative characters, transfer of cytoplasm, particularly for 
male sterility and for the production of isogenic lines.

3. Role of environment is almost negligible. So time required for developing new 
variety may be drastically reduced because off-season nurseries and green houses can 
be used for developing 2-3 generations each year.

4. Extensive yield tests are not required because the performance of the recurrent 
parent is already known.

5. Breeder does not require to handle large populations.
6. In this method all desirable characters of a popular variety (genotype known) 

are retained excepts the undesirable genes at a particular locus is replaced. So, the 
outcome of this method is known forehand, and plants can be reproduced any lime in 
future.

Demerits
(i) The new variety is superior over the already available variety only in the 

transferred character.
(ii) Hybridization has to be done for each backcross. It requires lot of lime and

money.
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(iii) Sometimes undesirable genes are closely linked with desirable one and get 
transferred to the new variety.

Crop Improvemeni Mcihocls
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X tnisi
(rrt

•4* 1

II Yi'-ir Rbctin’aiiA 
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Fig. 13- DilTcrent steps involved in the back cross method of plant breeding in a self pollinated crop, when a 
recessive trait is transferred from a variety B to otherwise improved variety A,

2.5. MULTIPLE CROSS METHOD
A cross involving more than one inbred line is referred to a multiple cross. It 

is also known composite cross and is used to combine monogenetic characters from 
different sources into a single genotype. In this method, several pure lines are crossed 
together. The selected pure lines are first combined into crosses a%A>(B,C>^D,E^F, 
G X H and so on. The plants are mated together as {A x B) (C xD) and (E x f) x 
(G X If). Finally, the F\ plants of double crosses are crossed with each other to produce 
hybrids {{A x B) x (C ^ £))] x [(£ x x (G x 7^)]. Further breeding in these hybrids is 
carried out according to either pedigree or bulk method.

O D G X M' n X FA > B
AB X Cl) Kb ' Gil

ABCI) EFGHX

ABCDKl'GH

Merits
1. In self-pollinated crops this method is used when three or four monogenic 

characters scattered in three or four different varieties are to be combined into one,
2. These crosses generally have wider adaptation.
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Demerits
1. These crosses are generally less productive.
2. This method has limited utility except in high risk areas where severe disease 

damage occurs regularly from a highly specialized disease pathogen.

Plant Breeding, Biotechnology and 
Genetic [inginecring

Self pollinated crops
When the pollens of the same flower or other flowers of the same plant 

pollinate a receptive stigma, the condition so created is called seifpollination.
Lespedeza species 
Lettuce 
Lima beans 
Linseed
Mountain bromegrass 
Moong (Green gram)
Nectarine 
Oat

Annual sweet clover
Apricot
Barley
Bean
Brinjal
Bur clover
Chick peas
Cotton
Cowpea
Foxtail millet
Groundnut or peanut
Lady’s finger (Okra)
Potato
Rice
Soft chess 
Sorghum Qi) 
Soyabean 
Strawberry clover 
Subterranean clover

Pea
Peach
Pepper {Capsicum annum, C.fruiescens)

Sweet pea 
Tobacco 
Tomato 
Urd
Velvet bean
Vetch
Wheat

Hybridization methods of plant breeding in cross-pollinated crops
Like self-pollinated crops, hybridization in cross-pollinated crops involves 

crossing of two or more inbreds. The inbreds are combined in any one of the following 
types of crosses and released as improved strains. These crosses are :

1 Single cross : Crossing of two inbreds or varieties is called single cross such 
as A X B or C X D. This cross was proposed by Shull (1909). The total number of 
possible different single crosses produced by a given number of inbreds can be

'>•: * l■[i
where n is the number of inbreds. e.g.. from four«(«-!)calculated by the formula 2 •

inbreds six single crosses can be produced. It can be calculated as : • t

(4-1)No of single crosses = 4 4x3 = 6
2

Single crosses give the maximum degree ofhybrid vigour but due to weak inbreds. 
little amount of seed is produced.

2. Double Cross : In this method two single hybrids are crossed together to 
produce a double cross hybrid e.g., if A, B, C and D represent inbred lines, one of the 
possible single crosses can be represented by A ^ B and are the possible double crosses 
by (/3 X _5) X (C X O). The number of double crosses can be calculated by the formula 
n(n-\){n-2){n-3) where n is the number of inbreds. Thus with 4 inbreds 3 double

8
crosses hybrids can be produced. It can be calculated as follows :

4x3x2xl

"I

4(4-l)(4-2)(4-3)
8 8
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= 3 double cross hybrids- Crop InipVovemeiil Mclhwts
These are ;
1. X 5) X (C X D)

Commercial hybrids are produced by this method. These hybrids give very high 
yield in small land without any increase in the cost of production. All the hybrid seeds 
of maize to farmers for cultivation are nothing but double crosses.

2. X Q X (5 X £)) 3, (/f X Z)) X X Q

Threeway cross
It is a cross of a single cross (used as female) with another inbred (used as male). 

i.e.. it involves three inbreds [{A x fi) x C]. The single cross and the inbreds are planted 
in the same way as the inbreds in the single cross.

The advantage of this cross is the use of vigorous hybrid of first generation as 
female in order to maximize the yield of hybrid seeds as well as to obtain seeds of 
normal grain size. . • • '

Top cross or inbred variety cross (A x variety) ,
It can be defined as a cross between an open pollinated variety and inbred 

line. Either the inbred or the variety may be used as female parent, but to use variety as 
female is preferable. It is used not only for the developing hybrid but to test the 
combining ability of the inbreds.

Synthetic cross
It can be defined as a cross among inbreds, clones or sibbed lines without 

control of pollination. (Synonyms, polycross and strain building). This is the cross of 
a number (4-10) pretested hybrids and is done by open pollination in Isolation. Seeds of 
these inbreds are mixed in equal proportion and sown in isolated plots. Natural cross 
pollination takes place and the harvested produce becomes synthetic cross. This cross is 
used in forage cross where floral structure causes difficulties in artificial pollination.

After any one of the above-mentioned crosses, seeds are tested, multiplied and 
distributed. The testing is done at various regional research stations by various research 
workers, The entire process takes about 5-7 years.______________________________

Cross pollinated crops
When the pollen of a flower pollinates the stigma of another flower located on a 
dilTcrent plant, it is termed as cross pollination.

Alfalfa or luceren 
Almond 
Alsike clover 
Apple 
Artichoke 
Asparagus 
Banana 
Beet
Birds foot trefoil 
Blackberry 
Blueberry 
Broccoli 
Brussels sprout 
Cabbage 
Carrot 
Castor 
Cauliflower 
Celery

Hemp
Hops
Kale
Kohlrabi
Maize
Mangel
Mango
Muskmelon
Olive
Onion
Orchard grass 
Parsley
Palestine (Strawberry clover) 
Papaya (Papita)
Pear
Pearl millet or bajra
Pecan
Plum
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Citrus
Cliard
Clierry
Chicory
Chinese cabbage
Chestnut
Collard
Crimson clover 
Cucumber 
Date palm

Pumpkin 
Raspberry 
Red clover 
Rhubarb 
Rye
Safflower
Smooth bromegrass
Spinach
Squash
Strawberry
Sunflower
Timothy
Turnip

Plain liroeding. Biotechnology and 
Genetic lliiginecring

Fig
Filbert
Graph

Hybridization methods of plant breeding in vegetatively propagated crops
Improved clones of asexually propagating plants are selected and allowed to grow 

under conditions, which favour flowering and seed setting. Desirable clones arc crossed 
together and the hybrids are multiplied by cloning. .Each f\ plant,is'a potential source 
for a new clone. This procedure has been used for developing many improved varieties 
of .sugarcane, potato etc. (Fig. 14).

Variety A
Crossas made in the long summer days in tho hills ■•'Simla

Variety B

It

''
i

IFt seeds germinated in seed bones at Jullunder. Pubjabja September - October

\ '

Vigorous F1 Seedlings transplanted to pots in October - November. 
Tubers harvested in January before build - up in aphid population.

placed in cold slorage uniW October , i

' ■

1st Field Nursery
Tubers harvested from pots in January planted in rows in field in October lor 
observation and increase. Selected clones harvested in January for 

further testing

.2nd Field Nursery
Selected clones from 1 si Field Nursery planted for observation, testing and increase

^'

3rd Field Nursery
Selected clones from 2nd Field Nursery planted tor obsurvation, testing and increase 

Fig. 14. Scheme I'or grotving F, potato plants fulluwiiig hybridiitHlion and lor screening arid testing the cloiie.s.
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2.6. MUTATION BREEDING Crop liiiprovcmenl Methods

A sudden hcritahic change in a characteristic of an organism is called 
mutation. Induction of mutation with the aid of mutagens is called mutagenesis. 
Breeding ineihod-utilizing variation created through mutagenesis is called mutation 
breeding. In this metho4. gamma rays and A'-rays are the most commonly used 
pltysical mutages, while EMS (ethylmcthanc sulphonate). El (ethylene imine) and 
sodium azide arc the most commonly used chemical mutagens. More than 300 varieties 
have been developed through mutagenesis in various countries. In India, a number of 
varieties have been developed by'iniitation breeding e.g.. BGM 408 (Chick pea). Hans 
(pea). JRO 3690 (Jute). Sharbati Sonora, (Wheat). Jagannath (Ricc),\Co8l52 

• (sugarcane) etc.

2.7. POLYPLOIDY
An organism or individual having more than two basic monoploid sets of 

chromosomes is called polyploid (Gr. Polys = many + aploos = one fold + eic/os - 
form) and such condition is called polyploidy. Polyploidy is of two types - 
autopolypoidy and allopolyploidy. Polyploids which originate by multiplication of the 
chromosomes of a single species are known as nutopolyploids or autoploids and such 
situation is called autopolyploidy Autopolyploids are generally larger in size, have 
larger cells, .stomata, pollen grains and seeds. Some of our crops arc autopolyploids 
c.g., potato, coffee, sweet potato, ground nut, alfa alfa, banana etc. Autopolyploids are 
produced spontaneously by gamma irradiation, tissue culture and with treatment of the 
chemicals like colchicine.

A polyploid organism, which originates by combining complctechromosomcs sets 
from two or three species is known as alloploid and the condition is known as 
allopolyploidy. Some important natural allopolyploid crops are wheat, cotton, tobacco, 
mustard, oat etc. Artifical polyploids have also been synthesized. Some of the examples 
arc;

Riiphanobrassica : Synthesized by a cross between radish (Raphaniis saiivtis, n - 
9) and cabbage (lirassica oleracea n = 9).

'IViticalc : Synthesized by a cross between wheat (Triticuni aeslivwii, n = l) and 
r%'c {Secede cereale. it = 7).

'I'obacco : Synthesized by a cross'between Nicotiana labacum {2n - 48) and N. 
ghilinosa {2n = 24). The new species is called as N. digltila.

Cotton : Varalakshma, a hybrid variety is synthesized by a cross between 
(Jossypium. hinisiiluiii (American cotton) and G. barbadense (Egyptian cotton).

2.8. TISSUE CULTURE
The grONvlh of tissues of living organism in a suitable culture medium {in viiro) is 

called tissue culture. Plant tissue culture refers to growth of plant tissues in a suitable 
culture medium. The plant part which is used in regeneration is called cxplanl. It has 
several useful applications in crop improvement e.g.. development of haploids, cmbrj’o 
rescue, generation of .variabilitj'. selection of disease resistance, selection for salinity 
and metal toxicity resistance, selection for drought resistance, micropropagalion. 
preservation ofgermplasm, somatic hybridization etc.
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‘ I

and ihe chafT is rerriovcd through the btowers.^The^ grain so obtained is scoured and 
polished. The commercial rice so obtained represents only the endosperm part. In the , 
above process the embryo part.of the grain is removed. The nutritious value of the., 
polished rice is also lowered as it nowrlacks proteins, vitamins and fat contents. Son^‘ 
of the common varieties arc Basmati 307, IR-24, IR 49, Krishna. Jaya. Padma. Ratna. 
Pahk'aj7Jamuna,tSebcnTiatif'ADT-27tetc, New*yarieties of ricelare’,being developed at I 
lndi;m_Agnc.'^Researeh'^Iiislilute.^jS'ew^Dclhi. Rice'Re^rch Institute. CuitB£k_aj}j. 
International Rice Research.lnstitut^MajiT^j^ijJjiffl^s^’^'’ ^

Uses :'The grains are used as staple food aiAcr boiling. It is also used a^stock.and 
poullr>' feed. The'oil extracted‘from rice bran is edible, also used aSj|lubricant. 
anticorrosive and rust resistant oil. Numerous edible preparations are prepared from 
rice. It’s starch is used in paper industry as also for preparing beverages. Jh^,straw is- 
also used for making numerous article.

Plant Breeding,.Biotechnology and 
Genetic Engineering

sneoiBcuS *

3.1. WHEAT (Gehun) Bot. name Triticum aestivum, Famiiy*Poa'ce'aeT
it is the principal food in temperate countries and the second food^croj^ of^f)ur 

country. Vavilov believed in multiple origin of wheat re., soft wheat form^south west 
India and Afghanistan, durum wheats from Algeria and Greece and^einkom^|Vom Asia 
minor. It was present in the excavations of Indus vallev civili7.ation. China cultivated tI • uyi'U'QT IBo j ® '
wheat as earlv as 2700 B.C. In India more than 30 million acres of land is under wheat 
cultivation.The main wheat producing states are Bihar. Madhya Pradesh. Marnashtra 
Punjab, Rajasthan and Utta^redeslt^g^'^''^'^^

-(lliPlantiCharaclerisflcsrr^The planls;arej60jtb l50^cm.‘cTall,herbs with;advcntitious 
fibrous roots. The stems are aerial, erect and green withjsolid tnQdes|.andifhollow,i | 
internodes. Tillers arise.from.the,basc.onhc plants Jhe leaves possess a sheathing base _ j 
and the inf1orcsce^cc''i5^'te?mm~a[fc'ornpr‘i5ingcSpik?s fofispikclefs.^llLachrspjkeCusuallyg 
produccs,tsomcol:5,-:20tspikeletsrialternately.j^chrspi_kelctpisjsub"tendcd^by, a .pair of 
glumes,and usuallyfpossesseSj||T4,nq,wers.rltMs,two,mcmbranpuS(lpdicujes^njjjthree^j  
stamens! The.fruitds a:caryqpsis_. A grain conWins spme^60;^7p%.car^hydraies_^and fO-,, 
1(7% nitrogenous .material.’ i5i.,rtii rj bfifillo STjnnoillini OH rinrii a'.otn cibnl nl.') 0 OOOi:

a ■caorsMiM^iAiii .r:-

I

I

.fliliGultivaTionjrHarvcstirig.andiProcessing :-iWheat,iis;aicrop;of:tcm[»ratcrzonc.-j!tT 
requires a temp, rangciof I0®G fromlsowingitoihiaturationiand'annual rainfa|Ubctwccn,/'| 
3.0j,tpj,8p^cm.but,nojjmqre..Fungicide(and,pD;p,^tre grains^arespwn.m,different . 
''•:?>;?0fX!}Sii8Caj.ns,,arCr.generally,,spwn^/m.the,m
country..Sinccisufficient.moisture^is needed for gennination, the .grams arc sown about

I ■ !.«./r.dc ;/ii/ ‘11'Mill I-'- c; vvii'-v. VUli i .f.'.VI U II.JI ’^‘1 UVJ'JV'.'U V niun3 to 6 cm (rarely ,8-10 cm) deep in the.soil at a distance of:2o to 30 cm. Removal of /If lif'.t. /injjiL.'Ol jjn.'.’iiii iiiv.'ii/ /I uii; ./omutnn. in. D'j'ii'.snR ini;weeds is necessar\' either.manually or.by.usme weedicides. Harvesting is donejhrouch f ;i iijf.v trmiy ;i'.' i f,'. iijn,~'jii i !o^i7p..// .y;/i r;,- pn-ii.irA?.scythes or reaping machines,.leaving behind the mulches. I his is followed by tliresnmg
vvh'ich'is (Jone‘’eitheVby b^ullocics o? ifiechamcalfh"reshefs,‘tiiGsTcmovihg tire'stra\/froni’*
th^'L?i4inWhTsr^?o1lS^W'’b5'Vv'in"ho';VrnK-ni'fh"^^

I of grains is donV'Betw'Celi’miTrstone’s'and’thVriour'soSb’tainedns^packeclTorscalc.^ *
<iD yjjgi -T’Th'e *graihs*.a?e'^'powdered in'to’'fl6u?’'wliicK ?c^nstitufeV the'Vtapl’e' food. 

Coarse'andA'c'ry'*fin'e^'h'eat'^flour lrrom^haf9’grains^is''uscciTor'mak'ing'ot_her products!'’! ' 
/Tlcoholiclicvcfages'are aisoVrepared Tfym'wheat.* The*straw'is''used'asT6ddcf'as%lso'' 
for nyaking’dinerehVproductsbf mmor'econornic'use sucK'as'h'at^’ca'rpets'etc. 
bfll nnnl oaiooiqu -jig llct ?frio 0£ luoda nadw ./.snilhaoz ozbdT' euhvRiun 'nbi

3'2.'’MAIZE'(WlaKka)'B6t. naWe Zea’'mays?Family'Poace'aeT**
■TTTM7r“7M7rTv77v'i7T'>i‘^i'i~'iTfTD*77i7ijTu3MT7iTu''/^~nj»n'^~^*Tnrr’>7o'^uUiTr~iiIii/' 1,1'j/.'i// •■•T'oi} , Maize or indian com . is the gift of American group, of cereals. The Indians to,
grow It in New .Mexico as ..early as 2000 B.C, Perhaps the P.ortugucse explorers,®jiii iij/lv. D-j.r jjii.u Cl <JOij 3ii,L .jfj iiViU'v 'iiwiu»;n >
introduced ,it„in,.thc.old .world, in Jhe .17, century. In India, it is. grown in. Andlira. 
Pradesh,.Bihar, Jammu-Kashmir,-Madhya;Pradesh,|punjab.and.Uttar,Pradesh. „
jiaufi irtJ qijjlr,3id oi zsnoii no'jv/iod ballim narlt zi ybbcq oHT .zjloolludlo tool orlt
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Plant Cliaracteristics : The plants are tall herbs measuring from 1 to 4.5 meter in 
lieight, with adventitious fibrous and stilt root system. The stems are aerial and erect 
with leaves having sheathing bases. The plant produces flowers only after having 
produced a definite number of leaves. They are monoecious producing female flowers 
in lower axillary cobs and male flowers terminally. The male flowers are borne is 
spikclets arranged in terminal panicles. The female flowers are borne in spadices of 
spikclets borne on short branches called shanks and having multiple spathes. There are 
two lodicules placed antero-laterally and the stamens. The long style-stigma represents 
the fusion product of two identical structures. The fruit is a caryopsis possessing two 
types of endosperm, white and yellow, thus exhibiting the phenomenon of xenia. The 
maize grains, besides carbohydrates contain proteins, fats, calcium, magnesium, Vit. A. 
13 and C. Thus it’s nutritious value is no less than other cereals.

Cultivation, Har\’csting and Processing : Maize grows best in sub-tropical 
region on well drained loamy soil. It also grows well on coarse textured soils on hills. 
The seeds are sown 3 to 7 cm. deep in the soil in the months of June/July and harvested 
in September/October. The cobs are detached and stacked for further ripening. They are 
then husked and beaten. The grains so separated are stored.

Uses : The flour is rich in carbohydrate contents and hence it is used as a 
substitute of wheat. Several flour products are also made which are differently used. 
Preparations like pop-corn and flakes are also made from the grains. Besides, poultry 
grit and animal feed is also prepared. Corn starch, syrup and industrial alcohol are also 
made from the grains. An artificial fiber is also prepared from the maize protein, Zein.

Utilizaiion ol' I'ocHi I'kiiiis

3.3. POTATO (Aalu) Bot. name Solanum tuberosum, Family Solanaceae
Potato originated in the Andes mountains of South America. Archeological 

evidence and carbon dating suggest that it’s center of origin is Peru where it is under 
cultivation for more than 7000 years. In India, it was probably introduced by the 
Portugese in early i7th century. The word ‘AaliT has been mentioned in the Aryiivedic 
literature also which dates back to 1500 B.C.

The potato plant is an annual herb growing throughout the year in various parts of 
our country. It is' erect, branched and 2-3 feet in height. The leaves are pinnately 
compound, roots are fibrous while the underground stem swollen at the tip forming 
familiar tubers. The flowers are yellow to purple in colour. Fruits are small berries. The 
seeds are not used for the production of new crop. Potato tubers are usually used as 
seeds. The important part of the seed potato are the eyes. The eyes really are groups of 
buds situated in the axil of aborted leaves. At least one eye per tuber or its part is an 
essential feature while sowing the seed potato.

The seedling comes out after 10-25 days. As the plants grow, their stems are 
; covered regularly by soil. On covering by soil the stems branch more rapidly. Now a 

major part of stem is under the soil. The underground stem (rhizome) then stores starch 
, within it and swells up into tubers.
' The potato tuber is yellowish brown externally. The internal structure is much 
{ variable. There are starch cells inside it. The starch occurs in characteristic oval grains 

of vaiy'ing sizes in thin walled parenchyma cells. A potato tuber contains about 78% of 
water; 18% carbohydrates including a little starch; 2% proteins; 0.1% fat and 10% 

* FoLash. They are well adopted to storage.
^ The potatoes are used chiefly for human consumption and are universal table food. 

T Small tubers are used for the manufacture of starch. They are also used for 
1 ■ manufacturing alcohol. Over 90% of the potato crop is grown in Europe. The important 
5 potato grown countries are Germany, U.S.S.R., Poland, France, U.K., U.S.A. and India,

■1
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More than 600 varieties are known today. Tlie potato starch is used in the textile 
industry and also as a source'of glucose and dextrincs.

Plan! Breeding, Bioiechnoingy and 
CiencHc Engineering

3.4. SUGARCANE (Ganna) Bot. name Saccfiarum officinarum, Family 
Poaceae.

A little amount of sugar is manufactured in almost all the green plants. Ihis 
manufactured sugar is used up during the metabolic activities of the plants. A little 
amount of it is accumulated. In a few plants more sugar is stored in roots e.g.. Beta 
vulgaris (Chenopodiaceae). in Bulbs of Onion (Aliiini cepa. family-Liliaccac). in stems 
of sugar cane {Saccharum ojficiuanm, family-Gramineae), in flowers of palm and 
fruits of many plants.

Word sugar came from the Sanskrit word “Sarkara”. Many types of sugars arc 
found in plant parts among which are sucrose from cane sugar, glucose from grapes 
and fructose from fruits. Sugar is an essential part of human food and that can easily be 
assimilated in the body.

The sugarcane plants store maximum amount of sugar within the stems. Hence 
only the sugarcane plant shall be described here.

Sugarcane (Saccharum officinarum. family-Gramineae) is the chief source of 
present day sugar. It is a native of South East Asia. The cultivated plant is a perennial 
large grass ranging from 8 to 12 feet or more in height with a diameter of 2" • 3". The 
plants grow very, .well in moist hot regions where the average annual rainfall is 60” or 
more per year ample sunshine and the temperature does not fall below 80®!-'. Sugarcane 
grows in clumps with bamboo like stems arising from large root stalks, fhe leaves arc; 
large green. The stem and is solid and well distinct in nodes, inlcrnodes. The stem 
contains 80% juice in which the sugar contents vary from plant to plant and from place 
to place.

The method of cultivation is different in different countries. The low lands arc 
thoroughly and deeply ploughed. The modern method is by making ridges and 
trenches. The upper Joints of the older canes are cut into pieces of varying lengths. 
These cut pieces are called cane seeds. These seeds are now placed in the trenches at a 
distance of 1-2 feet. Then they are covered with soils. The sprouting takes place within 
25 days. Then the young plants are weeded out. Adequate amount of fertilizers and 
water is given at different invervals for a better crop. The rhizomes give 2 or 3 more 
crops which are commonly known as ratoon (Peohi).

The extraction of sugar from the canes is chiefly by two methods. In one method 
which is applied by local people is a crude method. Second method is by milling 
process. The latter is now-a-days very common. The canes are brought to the sugar 
mills where they are carried to crushers for making smaller pieces. I hey arc then 
passed to three sets of rollers. The rollers exert tremendous pressure for the extraction 
of all moisture contents containing the sugar. The residue is called “bagasse”. The 
extracted Juice is dark greyish and is full of impurities. It contains sucrose and other 
sugars as well as proteins, gums, acids, colouring material, etc. It is later purified by the 
defecation and clarification. The juice is now clear but dark coloured. It is boiled dovvn 
to a syrup till sugar crystallization starts. The molasses passed from the bottom ol' the 
centrifuge. This sugar is crude sugar and is brown in colour. It is only 96% pure. This 
sugar is refined later on. Decolouring of sugar is done by passing it trough bone black. 
The sugar is now white granulated. The granulated sugar is screened and finally 
packed. During the sugar obtaining process several bye products are obtained, Bagasse 
is used for mill fuel and manufacture of card board paper. Molasse.s is a good food. It is
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used for making ethyl alcohol, rum, acetic acid (vinegar) and glycerine. The bagasse is 
used for making paper and card bard. It is also used as fuel.

Utilixaiion ofFocHl Plains

3.5. MEDICINAL PLANTS
The history of botany is closely associated with the history of medicinal plants 

because most of the earlier medicines were derived from plants only. China used drug 
plants as early as 5000 to 4000 B.C. The ancient Indian treatise ‘Rigveda’ deals with • 
medicinal plants.

Tlill (1952) classified medicinal plants on the basis of their major drug yielding 
part, into the following six categories :

A. Drugs obtained from underground parts,
B. Drugs obtained from bark.
C. Drugs obtained from stem and wood,
D. Drugs obtained from Leaves,
E. Drugs obtained from flowers,
F. Drugs obtained from fruits and seeds.

A. Drugs Obtained from Underground Parts ;
I. Aconitwn napellus : Fam-Ranunculaceae : (Aconite, ‘Meetha zahar’) ; The 

tuberous roots contain alkaloids like ‘aconite’ and ‘pseudoaconite’, used in 
the treatment of rheumatism and neuralgia.

,11. Acorm calamus : Fam. Araceae : (Sweet flag, ‘Bach’) ; The rhizomes are 
used as emetic, expectorant and also in chronic diarrhoea and dyspepsia.

III. Cephaelis ipecacuanha : Fam. Rubiaceae : (Ipeacac) : The roots of the plant 
arc used in the treatment of amoebic dysentery and also as expectorant.

IV. Calchicum luievm : Fam. Liliaceae : (Colchicum, ‘Hirantutiya’) ; The roots 
and corms of the plant contain an alkaloid ‘colchicine’, used in the treatment 
of gout, rheumatism and diseases of liver. •

V. Curcuma tonga : Fam. Zingiberaceae : (Turmeric, ‘Haldi’) ; The rhizomes 
are carminative and anthelmintic. They are also given to cure ulcers, 
diarrhoea and skin diseases.

VI. Duoscorea .Fam. Dioscoreaceae : (Yam) ; The rhizomes contain a steroid 
‘diosgenin’; It is used in the preparation of contraceptive pills and eye 
ointments.

V)I. Exogonium purge : Fam. Convolvulaceae : (Jalap) : The roots of this plant 
yield a resinous drug which is used as purgative.

Vlll. Ferula asafoelida : Fam. Apiaceae : (Asa-foetida, ‘Heeng’) : The gum-resin 
obtained from the roots is used in the treatment of cough, indigestion and 
asthma,

IX. Glycerrhiza glabra . Fam. Papilionaccae ; (Licorice, ‘Mulehthi’) : The dried 
roots of the plan! are used as demulcent and expectorant.

X. Hemidesinus indica : Fam. Asclepiadaceae : (Indian sarsaparilla, ‘Magrabu’, 
‘Anantumul’) : The dried roots of this plant are used as a substitute for the 
drug ‘sarsaparilla’ prepared from Smilax. It is diuretic, blood purifier and 
also given in rheumatism.

XL Kaempferia galenga . Fam. Zingiberaceae : (‘Chandra mool’) : The 
rhizomes of this plant are used as stimulant and carminative.

Self-liisiructional Maiericil 49



XII. Operculina turpeihum : Fam. Coiivolvulaceae : (Indian jalap) : A resinous 
substance called ‘turpethin’ is obtained from the root bark which is used as 
purgative.

XIII. Panax schimeng : Fam. Araliaceae : (Ginseng) ; It is a very important drug 
plant of China : Drug is obtained from the roots of the plant and is used to 
cure a number of diseases. P. quinquefolhm (American ginseng) is also used 
as it’s substitute,

XIV. Podophyllum pe/iaiwn : Fam. Berberidaceae : (Podophyllum) : The roots 
and rhizomes of the plant are used as emetic and cathartic. The Indian 
podophyllum {P. emodi) growing in Himalayas is also used for the same 
purpose. Its drug has been also tried to treat the cancer.

XV. Rauvnlfia serpentina : Fam. Apocyanaceae : (‘Sarpagandha’): The lubcrous 
roots of the plant are medicinally useful. They contain many alkaliiids of 
which ‘reserpine’ is most important. It lowers blood pressure. Ii is also given 
to patients having mental disorders. Besides, it cures diarrhoea and 
dysentery. This plant has been amply mentioned in •Ayuivcda’.

XVI. Rheum officinale : Fam. Polygonaceae : (Rhubarb): A native shrub of China 
and Tibet, the rhizomes and roots of this plant yield a drug called Thubarb’ 
which is used in the treatment of intestinal disorders, more particularly as 
laxative and tonic. R. emodi (India rhubarb) is also used for the same 
purpose.

XVII. Withania sonmifera : Fam. Solanaceae : (‘AsgandlT. ‘Ashwaganda') : The 
roots of this plant are used in the treatment of rheumatism, cough, ulcers and 
hiccups. It also contains an alkaloid ‘withaferin A’ having antibiotic 
properties.

Xym.Zingiber officinale : Fam. Zingibcraccae : (Ginger, ‘Adrak’) : The rhizomes 
are carminative, also given in rheumatism, piles neuralgia, toothache and 
diseases of eye.

B. Drugs Obtained from Bark :
Cinchona : Fam. Rubiaceac ; (Quinine) ; The bark of four species of the 
plant namely C. calisaya, C. ledgerina, C. officinalis and C. succinihra arc 
used to obtain the drug. It was known to American Indians. The cultivation of 
plant was started in India and Jawa. The bark of a 12 year old tree can be 
taken out for the manufacture of quinine. It is u.scd for treating malaria,

II. Cinnamotnuin zeylanicvm: Fam. Lauraceac : (Cinnamon. 'Daichini’) : The 
bark of the plant is used for treating diarrhoea, and gastric troubles. It also 
cures flatulence and controls blood sugar. The bark oil is carminative and 
antiseptic.

III. Soymida febrifuga : Fam. Maliaccac : (Indian redwood. 'Rohan’): I'he bark 
of the tree is astringent and febrifuge. It also cures diarrhoea, dvsemurv and 
malaria.

C. Drugs Obtained from Stem and Wood :
Ephedra : Fam. Gnctaceac : An alkaloid ‘ephcdrinc' is obtained from the 
green stems oiE. sinica and E. eqiiiseiina for treating cold and asthma.

II. Ferula galbanifua : Fam. Umbelliferac : (Galbanum. ‘Bairoza’) . I'hc 
oleorcsin obtained from stem is used for treating bronchitis and asthma; It 
also shows antiseptic properties.

III. Sunialum album : Fam. Santalaceae : (Sandal. ‘Chandair) : The wood is 
diuretic, sedative and cardiotonic, also used to cure skin diseases, it is gonvii 
in Karnataka and Tamil "Nadu.

I'lani Uvecdin^, Biotechnology and 
Genetic Lngineering
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' 'I'ltifizaiiafi'oi^'ood'l'lanisD. Drugs Obtained from leaves :

Adhatoda vesica : Fam, Acanthaccae : (Malabar iiut, ‘Vasaka’)": The leaves 
ofthc shrub contain alkaloid ‘vascine’ used in the treatinehf of Srondiitis and
asthma, ft is also given in diarrohoea. dysentery and malaria."........... ...

II. Aloe harhadeiisis : F'am. Liliaccac : (Aloe, ‘Gliecgwar') : It is a succulent 
shrub whose leaves arc given to cure gonorrhoea, skin diseases an'd'diseasc of 
liver and spleen. It also cures rectal fissures, cough and cold.

I
c, •

Fam. Solanaceae : (Belladonna, ‘Kirmala’)/ The111. Alropa helladomia :
leaves and roots contain alkaloids like ‘atropine’ and ‘hyoscyamine’. '
Belladonna is used in plasters and tinctures to relieve pain. The atropine 
dialatcs pupil, cures asthma and acts are antidote for poisoning. It also acts as 
sedative and antispasmodic.

IV. CeiueHa asialicci : Fam. Apiaccae : (Indian pennywort, ‘Brahmi') : The 
leaves are durctic, cures chronic eczema, rheumatism, dysentery, madness 
and cholera. It also cures jaundice and gonorrhoea.
Datura sirainomiiiu : F'am. Solanaceae : (Stramonium. ‘Dhatura’) ; It is one 
of the most poisonous plants. The dried leaves contain alkaloids like 
‘atropine’, Hyosyamine’, ‘scopolamine’. The leaves relax branchial muscles 
and treat asthma.

V.

VI. Digitalis purpurea -Fam. Scrophulariaccae : (Digitalis, ‘ Tilpushpi’) : The 
leaves contain a ghicosidc ‘digitoxin’. It is a cardiac stimulant which 
regulates the tone and rhythm of heart.

Vil. Eryihroxvlum coca : Fam. Erylhroxylaceae : (Cocaine, ‘kokeen’) ; It is a 
shrub, native of Peru and Bolivia. The leaves contain a bitter alkaloid 
cocaine. It is used as a local anaesthetic and a tonic for digestive and nervous 
system.

VIJI. Eucalvpliis globules : Fain. Myrtaccae : (Eucalyptus) : The oil obtained 
from the leaves is used in the treatment of nose ad throat diseases as well as 
malaria.

IX. ■ Hyoscyimtus niger : Fam. Solanaceae : (Henbane, ‘khurasni ajwain’) ; The 
leaves contain poisonous alkaloids like ‘hyoscyamine’ and ‘scopolamine’. It 
is used as sedative and hypotonic.
Mi/ja/rma horteu.sis : Fam. Lamiaceac ; (Sweet majoram. ‘Mama’) : The 
dried leaves are used as stimulant and carminative. They are also applied on 
sprains and paralytic limbs.
Marrubiitni vulgare : Finn. Lumiaccac : (Hoarhoimd. ‘Paharigandhana’) ; 
The leaves relieve from cold, rheumatism and dyspepsia etc.

Xli. Mentha : Fam. .Lamiaceae : The leaves of several species of the plant are 
used as medicine.
M. arvensis .-The leaves are carminative, refrigerant, stimulant and are also 
used in rheumatism.
M. arvensis var. piperascenes The (eaves yield ‘menthol’ used in (lie 
treatment of cold.
M. lungifolia : The leaves are carminative and stimulant, also used in heart 
ailments.
M. piperaia : Leaves are carminative, stimulant and also used for alloying 
nausea, sickness and voinitting.

Xlil. Ociiiiiiiii .F'am. Lamiaceae : The leaves of;a few species are medicinally 
very useful :

X.

XI.



0. basUicmum : (Sweet basil, ‘Ban tulsi’): The leaves arc used as carminative as well 
as insecticide.
O. gratissivm : (Shrubby basil) : The leaves are given in seminal weakness.
O. sanctum (Holybasil, ‘Tulsi’) : The leaves are given to cure cough, cold and fever. 
They are also inseclisidal,

XIV. Thymus vulgaris : Fam. Lamiaceae : (Thyme) : The leaves yield ‘thymol’, a 
derivative of essential oil which is used in both pastes and mouth wash : It is 
effective against hook worms.

XV. Tylophora indica : Fam. Asclepiadaccae : (‘Anantmool’) : The leaves and 
roots are emetic, diphoretic and are also used as expectorant. They are also 
effective against allergic asthma.

XVI. Piper belle : Fam. Piperaceae : (Betal, ‘Paan’): The leaves are carminative, 
astringent, stimulant and also expectorant.

E. Drugs Obtained from the Flowers :
Artemisia dm : Fam, Asteraceae : (Santonin) : The flower buds are used as 
purgative as well as anthelmintic. The flowers of A. moriiima and A. 
hrevifolia are used as respiratory stimulant.

II. Matericaria chamomila : Fam. Asteraceae : (Chamomile, ‘Baboona’) : The 
flower buds are used as gastric stimulant.

in. Mesuaferrea : Fam. Clusiaceae : (Iron wood, ‘Nagkesar’): The flower buds 
are given to cure dysentery and bleeding piles. They are also used as 
astringent.

IV. Viola odorata : Fam. Violaceae : (Violet, ‘Banafsha’) : The flower buds and 
flowers are diuretic, laxative and astringent. They are also used as emollient 
as also in the treatment of cough and liver diseases.
Camabis saliva : Fam. Cannabinaceae : (‘Ganja’, ‘Charas’) : They are 
narcotic and intoxicant, contains a hallucinogenic principle 
‘Tetrahydroi annbinol’.

VI. Crocus saliva : Fam. Irdaceae : (Saffron. ‘Kesar’) : the styles and stigmas 
are used as stimulant, nerve sedative and diuretic.

VII. Humulus lupulus : Fam. Moraceae : (Hops) : It contain a narcotic principal 
‘lupulin’ which is sedative and is used as tonic.

VIII. Madhuca indica .Fam. Sapotaceae : (‘Mahua’) : the corolla is used to cure 
rheumatism.

flam Breeding. Bioiechnology and 
Geneac Engineering
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F. Drugs Obtained from Fruits and Seeds ;
Aegle marmelos : Fam. Rutaceac : (Wood apple, ‘Bel’) : The fruit pulp is 
cooling, laxative and astringent. It also cures acute diarrhoea and dysentery.

II. Croton tigliuni: Fam. Euphorbiaceae : (Croton, ‘Jamalghota’): The seed oil 
is one of the most powerful purgatives known.

III. Cuminwn cyminum ; Fam. Apiaceae : (Cumin, ‘Zeera’) : The fruits are 
carminative, stimulant and astringent, also given to cure diarrhoea and 
neusea.

IV. Emblica officinalis ;Fam. Euphorbiaceae : (Emblic myrobalam, ‘Aonia’) : 
The fruits are laxative, diuretic and refrigerant. They are also used as tonic. 
Besides, they relieve from constipation and vomirting. They are rich source of 
vitamin C.

V. Foeniculum vulgare : Fam. Apiaceae : (Fennel, ‘Saunf) : The fruits arc 
carminative, stimulant and appetizer. They also relieve from flatulence, thirst, 
kidney and spleen troubles.

J.
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V[. Hydnocarpus kurzii: Fam. Flacourtiaccae : (Chaiilmoogra) : The seed oil is 
used for treating skin diseases including leprosy.

VII. Papaver sommferum : Fam. Papaveraceae : (Opium, poppy, ‘Afeem’) : The 
latex from unripe fruits yields opium. Raw opium is purified at Ghazipur 
(U.P.). it contains alkaloids like ‘morphine’, ‘codeine’, ‘thebaine’, ‘narceine’, 
‘narcotine’, ‘papaverine’ etc. The alkaloid morphine relieves pain and 
codeine is mild analgesic.

VIII. Piper : Fam. Piperaceae : The fruits of several species of Piper are 
medicinally useful.
(i) Piper cubeba : (Cubebs, ‘Kababchini’) : The fruits have bitter taste due 

to an oleoresin. They are used in the treatment of Catarrh and also as 
kidney stimulant.

(ii] Piper longum : (Long pepper, ‘Piplamoo!’) : The fruits are carminative. 
Besides, they also cure bronchitis and asthma.

[\\\) Piper nigrum : (Black pepper, ‘Kali mirch’) : The fruits are carminative 
and stimulant. Besides, they are also used in cholera, diarrhoea and 
flatulence.

IX. Sirychnos nux-vomica : Fam. Loganiaceae (Nux vomica, ‘Kuchla’) : The 
seeds contain alkaloids like ‘strychnine’ and ‘brucine’. They are used in the 
treatment of nervous disorders and paralysis.

X. Terminalia : Fam. Combretaceae : The fruits of two species of the plant are 
medicinally very useful;
(i) Terminalia ballerica : (Balleric myrobalan, ‘Bahera’) ; The ripe fruits 

are given as tonic and laxative. They are also given to cure piles and 
diarrhoea. The semi-ripe fruits are purgative. They also possess 
antibacterial properties.

(ii) Terminalia chebula : (Chebulic myrobalan, ‘Hararh’); The ripe fruits are 
given as tonic, laxative and alternative. They also relieve from diarrhoea, 
dysentery, flatulence and asthma.

XI. Trachyspermum ammi : Fam. Apiaceae (Ammi, ‘Ajwain’) : The fruits are 
carminative and stimulant. They are also given in diarrheoea and cholera.

XII. Cassia fistula : Fam. Caesalpiniaceae : (‘Amalias’) : The fruits are 
purgative and also cure diabetes.

XIII. Citrulhis colosynthus : Fam. Cucurbitaceae : (Colosynth, ‘Indrayan’) : A 
glucosidal drug ‘colosynth’, a powerful purgative is obtained from the fruits.

XIV. Coriondrum sativum : Fam. Apiaceae : (Coriander, ‘Dhaniya’) : The fruits 
are carminative, stimulant, diuretic and also cure rheumatism and flatulence.

XV. Elettaria cardamomuin : Fam. Zingiberaceae : (Lesser cardamom, ‘Chhoti 
elaichi’) : The seeds are stimulant, carminative, diuretic and cooling and are 
also given in stimochic.

XV].Jalropha curcas : Fam. Euphorbiaceae : (‘Safed Arand’) : The seed oil is 
purgative.

Ulilization of I'ood Planis

3.6. FIBERS
The fiber yielding plants fulfil the second requirement of human beings i.e., 

clothing. Such plants are known to mankind since times immemorial. The flux was 
cultivated in Europe even in stone age. Cotton was cultivated in India since long and 
it’s cloth earned great reputation for the country. Botanically, they are 
sclerenchymatous fibers occurring in different parts of the plant. The longest fiber of 
Boehmeria nivea measures 55 cm. in length, They are made of cellulose or 
hemicellulose with deposition of lignin. They occur in different parts of the plant. 
Economically the fibers can be put under the following six categories :
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• , (A) Textile fibers ,>-i tib -Jiii 3) ; OKaoeintt
(B) Brush fibers
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(A) TEXTILE FIBERS, ,, .
s,c 'v.'tvi J'.- ^■■15-ja-' to jiiij-tT aril :, aKo-jR-r •- . . , .

Incy arc lurther classified into three categories :

3„hIi],-(,Suj;facc fibers j^Theyare short,fibers occuri;ing^on,the surface.
KB iM'.r, JSofl'fibcrs': tTheyjare the bestifibersibelongirig to'pericycic and phloem.

HI. Hard fibers : lliey are found particularly in thc'lcavcs of nidnocois.
; Clnomol.iiS' -loqqtKi arioJ) vmtvyv'

... - . .. bnu KiJiii;e.'oid onij?OKlr.,vof!! .k;jL . . ., (i). Gossvpiuni ; ham. Malvaceae,: (Cotton,‘kapas ) ; Indians used cotton as 
oviiL^.iiift'^'ii'ao-'iiyii.en i •, I r.'viifn ii/j>i;..i^rioeo yf-j.-tu.' -..jn'usnm -.-u ,. „

early as I oOO-li.C. Perhaps Indians were first to weave cloth. .1 he plant ol cotton is a 
yiiM ';->';imj;m .i.j-jjoiia'ill, ij.ri' o-J/i 'jib /bii' .'ODi.-'aU b;ii

1 to 2.5 meter tall perennial, shrub or annual bearing palmate leaves and a.MlIaiy
flowers.,mic fruit is a capsuic.producing about nine comose seeds. The long hair arc
called as lint and short as iu7.7.. 1 he lint or fuzz or staple.is,a flattened, twisted tubular ‘ 

viu III uv.'u vn, . •.•nioiiuj j.'iB yi:uiii:jni> P>uiVui'jl.-biir,'iiRifio-'yrjy-'
Structure that torihs the cotton of commerce. Cotton requires 75 to 250 cm. annual .

• iKI//Ujii.il iJiii:'■|•Jl>1l•7■Ui■:nyJa^l to IflafnfBSU . _ I . :
rainfall and an.average temperature between 20° to 45 C.^Various cotton varieties tall

yin Jin in rvi.,‘;ij^ wf) lo. diiini uii I : ‘JUi>-.UMaTnmu.> .ini:;!.’. „
under two sections : (a) Section Hcrbacca (O. herhaceiim. o. arboreinii) and (b) 
ScctionVHirsma (C.,hirsiitum. C..barbac/eiise).,Thc conon G.-harbadoi.w,.in of two 
types namely,Sea island cotton.and fcGYPftttn cotton. I he .latter grows in Nile valley.•ir.i> c-iii'j •'ll/y J, I.y-.I^ yiu Jy y 17111. bllluJ 01. Il^’i'lg
The, siaple-iOf.G.yW/'/xjmwi ,is .shortest Yabout,.0.95,,cm.)^and that.,(5f.o. barbaJensi' ■,

X ..•'Cm , r i_-.il .M.« ii.jI. .Jsj />./!* O** t .*3.iwf| I ifiJu ( ,

longest (upto 4,44 cm.). .Koin-jqoiq liiifjJiBditnR 
oil; ;rheiiproccssing(Of!iCptton,-||nypl,yeSriginning.'jbaijing,-,pi.ckmg,-,lapping;j carding, 

twistiiig ahd asia result the [staples fonh .thc.:thread.3l;hc,.cpttoniproduc]ng,areas in India i 
include Gujarat. Karnataka. Madhya Pradesh,’Maharashtra;-RunJab.-;Rajasthan. Tamil 
Nadu-aiidtUttaf Pfadeshi,GottonriSimairiiy;UScd.in(tcxlilc,iindusio’iifprvthC;maniil'aclure 
of fabrics''ahd‘cordagCifBc.sidcs.iitip'rovidcSjthc.basic rawiniaterial/or rayonqplasiic and 
explosiveiindusfry. The.6il'has;many<uscs<including>medicinal andiUic oil'Ctjkc is^used

•KOJadnib tido okIc bne v/ijsgii/q 
'' Ti.'SoffFil)crslr<2ol'^^) ■' on'j-jetirtnij;iiO .iokT •. nuXtwv.uWj W5\\u-«\v') .lliX 

’'''{'ifc^ircJifrm'^copsiilah.'i/'C.''^^^ 'riliu^frc iffilute)':*!!'iit'-'aVnalivc of

Malaya'‘(Dr‘Sri^iiank'af-TTie’palnfsare-2:5‘fd'3'ntctcr'fall,^sbhVcvv4iat shrubby uhnuiils'.-^fhc 
capsli'i8k^l)f'(y.^*b//7or?M5‘'afc ’sligh?ly‘'lon|e'r.^^TH^' 'flb'cf'^'y'?tKiaiirc'd%6ni'’'’'sccondary 
pHfKenb Tlifc'’pant ^requires ricVldaihy?^iluN’ial's3i(’and'\vantiMVij'miti tiimiitc.->l1ic ^rop 
is^owiV'bcVwee’ii ^^'arch’any*May*an{^^7alvested'bc’lwccn 'juW^o'Scptcm'bTu''.|d'lic liber 
is separated by retting which is done in still water. It ■is^^a''fougH.^\vaving ^filler chiefly 
used'TorinakIng giinWy-bagk''carpCt’s^n'H^8yr7ains.*0utc'^^cultivVtcB'in^'A's'San\:-XYiahra 
Pradesh. Bengal. Bihar. Madhya Pradesh and Uttar Pradesh. New varictie^liS'f jute have 
bccirdevxlbp'cdaf Jule'Teclihblogical Research']nstitulcr Barrackporc:------oV
“ '.'(ii) y//A/i'fV<i''ert/imfA//i//sv'Fflm7Malvaceac (Kcnafr‘PatsanT ^-’llie plants are lall- 
-'j.i ^.•■mvcj 'ifi.-fi.'ir m.'nym'i'iUDei onoaOK. oiu litivi •■./.•ihloiv iapii, ■•>r|c ,

annual herbs,bearing axillaiv flowers and,capsule fruits. Retting* is complelca in some I

•lUi ‘K jfi! ./uuymnio.j .(iimioy ‘yiij loi nouBJuqyi jbvi;! frjmuo j lolo f-'ji 
1,, ,(iii) IJniini iisilafissinium KVsnn. Liaceac,: (Flax. 'Alsij : The bast liber Irom
JO .ry7;i../i Jill j,i; tiifiji.q iMucjiI[1. hi ''uiinIvv<.> •riq;in KiU‘'Bffwii'jirji'J!u>.

stem,IS used m .textile.industrv. It is an annual herb'producing fiber of great tensile.. lO y.yp.di yi!. '/yli. .njaUjI 111 l||> '.r. Wj.fU. pnV.UU'lOU
strcnclh.,U is.supcnor,to .cotton in fineness and durability. In India, flax is cultivated m,

.l....-®, yli, -•> rrii,-,j .IlyiyUl.y ,1; I.iyypi /jfli .fllliyil JU"^ lIUI/IKIXJ'JO llll'-V yKOllJUy Ji fllVfl

: p/jnoj^-jir.'j xi? .^rii /'oliol orii lobiiu luq ud ruio R-iodH o;l: vliBoimofioo-J

as fodder and as fertilizer.

54, Si:lf-JiisiriwlJpnalMaicrial._



( *■

Madhya Pradesh and Uttar Pradesh, ll is used in the manufacture of fabrics, thread, 
paper and insulators.

111. Hard Fibers :

Ulilizatioii oI'I'chhI Plimus

(i) /Igdve : Fam. Agavaceae : Several species of Agave yield fiber from the leaf 
namely A. conlala (Maguey), A. foiircroydes (Mexican sisal), A. furkiana (Jaumave 
isllc), A. sisalunu (Sisal). They are used for making ropes and bags.

(ii) Coens nucifera : Fam. Arccaceae (Coir. ‘Nariyal’) : The fiber obtained from 
the mesocarp of coconut is called coir. The fiber is coarse, rough and short but light, 
clastic and water resistant. It is used for making carpets, floor matting, coarse textiles, 
doormats and also as packing material.

(iii) Musa textiles : Fam. Musaceae : (Abaca or Manila hemp) ; The plant is 
similar to banana. The sheathing bases of 12 to 30 leaves form a pseudostem of 3 to 7 
meter height. The leaf fiber is light and elastic, besides being strong and durable. It is 
used in the preparation of paper and cordage.

(B) BRUSH FIBERS :
These fibers are strong and elastic but stiff. They show a high degree of flexibility. 

They are used in the manufacture of brooms, wicks and brushes. Plants yielding such 
fibers are enumerated here under :

I. Borassus flahellifer: Fam. Arccaceae : (Palmyra fiber); Leaf, leaf-stalk and 
inflorescence-stalk fiber are used for making ropes mats and brushes.

II. Caryota urens : Fam. Arccaceae : (Kittul fiber) : Leaf, leaf-stalk and 
inflorcscence-.slall< fiber arc used for making mats and brushes.

III. Muelilenbergio macroura : Fam. Poaceae : (Broom root) : Roots are used 
for making cheap brushes.

IV. Raffta vinifera : Fam. Areaceae : (West African Pissava) : Leaf stalks are 
used for making brushes.

V. Sorghum vulgare var. technicum : Fam. Poaceae : (Broom corn) ; 
Inflorescence is used for making carpet brooms.

VI. Thysanolaena mexiim : Fam. Poaceae : (Broom grass) : Inflorescence 
stalks are used for making soft brooms.

(C) PLAITING AND ROUGH WEAVING FIBERS
A utility based classification has been proposed for such fibers hereunder;
I. llal Fibers : Several plants are used for making hats e.g., Borassus 

flabellifer, Trachycarpus excelsa (Fam. Arccaceae), Hordeum vulgare. 
Oryza saliva, Triticum aestivum (Fam. Poaceae) etc.

II- Mats ; Many plants are used for making mats in different parts of the world 
e.g., Borassus flabeHifer.Phoemx pusilla (Fam. Arccaceae), Bambusa 
vulgaris, Dendrocalaims hamiltonii. Erianthus ntimja, Heleropogon 
cuniorliis, Neohouzeatia dullooa (Fam. Poaceae), Cyperus tegeliformis 
(Fam. Cyperaceac), Jiincus effusus (Fam. Juncaceae), Pandamis tectorius 
and P. iililis (Fam. Pandanaceae) etc.

Ill, Baskets : Several plants are used in making baskets e.g., Arundinaria falcala. 
Arimdo donax. Bambusa tulda. Dendrocalainu.s hamiltonii. Erianthus 
arundinaceus. Hierochloa odorata. Neohouzeaiia dullooa. Phragmites karka 
(Fam. Poaceae). Raffia pedunciilala (Fam. Arccaceae) Morvs alba (Fam. 
Moraceae), Ichnocarpusfrutescens (Fam. Apocyanaceae) etc.
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IV. Wickerwork : Several plants are used for making chairs, tables, stools, 
carriages e.g.. Calamus acanthospaihus, C. rohlang (Fam. Arecaceac), 
species of Armdianaria. Bambusa. Dendrocalamus. Phyllosiachys. 
Erianthus arundhiaceus, E. ravannae, Phragmites karka (Fam. Poaceac) etc.

(D) FILLING FIBER
Many plants provide fibers which are used for stuffing pillows, mattresses, 

cushions, and other similar articles, some of these are enumerated here under :
Bombax ceiha ; Fam. Bambacaceae : (Red silk cotton, ‘SaimuT).

II. Calotropisprocera. C. gigantea : Fam. Asclepiadaceae : (Madar, ‘Aakha’),
III. Ceibapentandra : Fam. Bombacaceae : (Kapok, ‘Safed saimul').
IV. Coch/ospermum religiosum : Fam. Cochiosperniaceac : (White silk cotton, 

‘Pilikapas’).
V. Typha laUfoUa, T. angiislifolia : Fam. Typhaceae : (Cat tails).

Plaiil Breeding, Biotechnology and 
Genetic Engineering
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(E) NATURAL FIBER
The following plants provide natural fabrics to be used as a rough substitute for

clothing;
Antiaria loxicaria : Fam. Moraceae : (Upas tree) : It is the soruce of a bark 
cloth.

II. Brouaaonetia papyrifera : Fam. Moraceae : (Paper Mulberry) : It is the 
source of tapa cloth.

III. Couratari lauari: Fam. Lecythidaceae : (Tauary) : It provides bark cloth.
IV. Hibiscus elatus : Fam. Malvaceae : (Cuba bast) : It provides ribbon like 

strips.
V. Lagetta liniearia : Fam. Thymelacaceae : (Lace bark) : Inner bark is used 

for clothing.

I.

(F) PAPER MAKING FIBER
Fagits grandifoUa : Fam. Fagaceae : Betula irtdica (Fam. Betiilaceac) :I.

Wood fiber is used.

3.7. SPICES AND FLAVOURING MATERIALS
According to Hill, 1952, the term spice is restricted to hard or hardned parts of 

plants, which are usually used in a pulverized state. Further, he regards condiments as 
spices or other flavouring substances that have a sharp taste, and are usually added to 
food after it has been cooked.

Various spices and flavouring maleriais, for the convenience of description can be 
classified under the following heads :

A. SPICES OBTAINED FROM THE UNDERGROUND PARTS :
Angelica archangelicu : Fam. Apiaceae (Angelica, 'Chora') : It is a native 
of Syria. Although it’s ail parts are aromatic but its roots and fruits arc 
generally used for flavouring cakes and liquors. A. glaucu is giown in 
Kashmir.

II. Curcuma longa : Fam. Zingibcraceae : (Turmeric, ‘Haldi’) : A native of 
South-eastern Asia, this plant has been popular in India for many centuries. 
They are robust rhizomiitous herbs hearing tufted leaves and flowers in 
spikes. The rhizomes yield a yellow dye curcumin which is one of the 
principal ingredient in numerous Indian curries. The essential oil in the 
rhizome contains sesquiterpene ketone-lurmerone. It is a medicinally useful

1.
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plant. It is growii'in Andhra Pradesh, Bengal. Maharashtra, Orissa and Tamil 
Nadu- Besides, Curcuma aromatica and C. zeoderia are also used as spice.

III. Ferula asafoetida : Fam. Apiaceae ; (Asafoetida, ‘Heeng’): It is a perennial 
herb grown in Kashmir and Punjab. The gum-resin obtained from roots is 
used for flavouring food in India. F. alliacea and F. ruhricaulis also yield 
asafoetida resin of commerce. It is a medicinally useful product.

IV. Zingiber officinale : Fam. Zingberaceae : (Ginger, ‘Adrak’) : A native of 
South-Eastern Asia, it is a very important condiment of India and China for 
many centuries. It’s rhizomes are used fresh cured and dried (‘Saunth’) for 
flavouring food, drinks and liquors. Its essential oil contains sesquiterpene- 
zingiberene and an alcohol-zingiverol. Besides, it also contains a non
volatile oleorcsin, ‘gingerin’. It has medicinal value also.

B. SPICES OBTAINED FROM THE BARK :
I. Cinnamomum zeyianicum: Fam. Lauraceae : (Cinnamon, ‘Dalchini’) : It is 

a native of Sri Lanka. The plants are trees of 10 to 15 meter height bearing 
aromatic leaves and yellow flowers in panicles. The bark contains an 
essential oil caryophyllene. it is used for flavouring food. Besides it has 
medicinal use also. In India, it is grown in Assam, Karanataka and Uttar 
Pradesh.

II. The bark of Cinnamomum cassie (Cassia) and Sassafras alhidum (Sassafras) 
of Fam. Lauraceae is also used as flavouring material.

C. SPICES OBTAINED FROM THE LEAVES :
i. Cinnamomum tamala: Fam. Lauraceae ; (Indian cassie, ‘Tejpat’) : The 

leaves and bark of the plant are used for flavouring of foods. The essential oil 
obtained from the plant is also used in cosmetics and perfumery.

II' Coriandrum sativum : Fam. Apiaceae : (Coriander, ‘Dhaniya’) : A native of 
Mediterranean region, the plant has been referred to in ancient Sanskrit and 
Hebrew literature. It’s leaves and fruits are used for flavouring food and the 
essential oil for flavouring beverages.

III. Majorana hortensis : Fam. Lamiaceae : (Majoram, ‘Marua’) : It is a native 
of Mediterranean but worshipped in India. It’s leaves, flowers and young 
shoots are used for flavouring food. The essential oil is used in cosmetics and 
perfumery.

IV. Mentha : Fam. Lamiaceae : Several species of Mentha are used as flavour 
material e.g., M. arvensis (Cornmint), M. arvensis var. piperasceiis (Japanese 
peppermint), source of ‘mcnlhoP; M. longfniia (Horse mint), M. piperata 
(Peppermint, ‘Vilaiyati peppermint’), medicinally useful source of 
peppermint oil, M. spicata, (Garden mint, ‘Pudina’) Leaves are used as 
flavouring material.

V. Murraya koenigi : Fam. Rutaceae : ('Meetha Neem’, ‘Curry patta’). The 
leaves are used for flavouring food more especially in South India.

VI. Ocimum basilicum : Fam. Lamiaceae : (Sweet basil, ‘Ban tulsi’) ; A native 
of India and Africa, the leaves of this shrub sweet long have been used as a 
flavouring agent.

VII. Thymus vulgaris : Fam. Lamiaceae : (Thyme) : A native of Mediterranean 
region, the leaves of this plant are used as flavouring material since long. It is 
also a source of thymol, a derivative of essential oil.

D. SPICES OBTAINED FROM THE FLOWERS :
I. Crocus salivas: Fam. Iridaceae ; (Saffron. ‘Kesar’) : The plant is known as a 

flavouring material for centuries. The dried styles and stigmas are used to 
provide the food a yellow colour and characteristic odour. The colour is due

Ulilizaiian olTood Plants
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to crocin and the aroma is imparted by safranal. It is cultivated in Kashmir 
and Uttar Pradesh.

2- Syzygium aromaliciim : Fam. Myrtaceae (Clove, ‘Laung’) : The native 
place of clove, the Molucca island was discovered by Portuguese. The flower 
buds of the plant are used as flavouring material by several countries. The 
buds are hand picked and then dried in sun or a kiln. A twenty year old tree 
can be exploited for commercial use. Their essential oil called 'olcuni 
earyophilli’ imparts flavour and aroma to food. Besides, it is also used a 
medicine. In India, it is grown in Karnataka, Kerala and Tamil Nadu.

3. Rosa spp. : Fam. Rosaceae : (Rose) : Flower is used in preparing ‘gulcand', 
used in stomach diorders.

E. SPICES OBTAINED FROM THE FRUITS :
Capsicum frutescens, C. annuum : Fam. Solanaceac : (Red peppci. 
Chillies, ‘Lai inirciv) : They are native of tropical America and West Indies 
but now they are grown in many countries for centuries. The plants arc bushy 
annuals producing long conical to globular fruits. They contain several 
carotenoid pigments like ‘capsrubin’, ‘capsanthiiT. ‘cryptoxanthiiT, 
‘zeaxanthiiv and a pungent principle ‘capsicin’. They are also rich in vit. C. . 
They arc used unripe (green) or ripe (red) as a condiment in curries, sauces 
and pickles. Several varieties of Capsicum are known e.g. grossum (Bell or 
sweet pepper), longum (chillies) and haprikas. In India it is cultivated in 
Bihar, Karnataka, Maharashtra, Punjab, Tamil Nadu and Uttar Pradesh.

II. Carum curvi : Fam. Apiaceae : (Caraway, ‘Siah zeera’) ; It is a native of 
Europe and West Asia. The plants are perennial herbs producing cremocraps 
that are used in confectionary, bakery, perfumery and also for flavouring 
beverages.

III. Coriandrum sativum : Fam. Apicaceae : (Coriander, ‘Dhaniya’) : Already 
discussed under ‘Leaves’.

IV. Cuminum cyminum : Fam. Apiaceae : (Cumin, ‘Zeera’) : It probably 
originated in Mediterranean region. The plants are annual herbs producing 
creinocarp fruits. It is used in curries, cheese, pickles, soups, breads and 
cakes. The essential oil is used in perfumery.

V. Foeniculum vulgare : Fam. Apiaceae : (Fennal, ‘Saunf) : It is also a native 
of Mediterranean region but it is grown in China and India for several 
centuries. The plants are annual herbs producing cremocrap fruits. They are 
used for flavouring food as well as liquors. The essential oil is used in soaps 
and perfumery. The fruits are carminative. In India, it is cultivated in Assam, 
Gujarat, Maharashtra, Pubjab and Uttar Pradesh.

VI. Piper : Fam. Piperaceae : Two species of Piper are commonly used as spice 
viz, P. nigrum (Black pepper, ‘Kali mirch’) and P. longum (Long pepper, 
‘Chhoti peepal’). The two peppers are native of India or Indian peninsula. 
The black pepper is a climbing shrub producing berry like drupes in catkins. 
White pepper (‘Safed mirch’) is prepared from nearly ripe fruits. The fiuits 
contain an alkaloid ‘piperine’ and essential oil containing monoterpeiies and 
sesquiterpenes in about 2 ; 1 ratio. It is cultivated in Karnataka, Kerala and 
Tamil Nadu. The long pepper is more shrubby and contains the same 
principals as the black pepper but it is more aromatic and sweeter. They are 
used to flavour curries and pickles.

Plain lireechng. Biotechnology and 
Genetic Pngineei'ing
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VJI. Trachyspermum ammii: Fanii Apiaccac ; (Ammi, ‘Ajwain') : The plants 
are annual herbs producing small cremocarps. The fruits arc used for 
flavouring food particularly the curries. They are also carminative.

In addition, there are many more plants fruits of which are used for flavouring 
food. Some of them are enumerated hereunder :

(i) Anelhum graveolens : Fam. Apiaceae : (Dill, ‘Soya’) :
(ti) Apiumgraveolens var. dulce ; Fam. Apiaceae ; (Celery, ‘Ajmtid’);
(iii) Bwiiiimpersicum : Fam. Apiaceae : (‘Kala zeera’) :
(iv) lUicinm venim : Fam. Illiciaccae : (Star anise, ‘ AnasphaT) :
(v) Pimenta dioica : Fam. Myrlaccac : (Allspice) :
(vi) Pimpinella anLsum : Fam. Apiaccac : (Anise) ;
(vii) Vanillafragmns : Fam. Orchidaccac : (Vanilla) :
K. SFICES OBTAINED FROM THE SEEDS :

Amomum : Fam. Zingibcraccac : The seeds of two species of the genus are 
used to flavour food, Amomum siibiilalum (Greater cardamomum, ‘Bari 
elaichi’) r.nd A. cn-omalicum (Bengal cardamom, ‘Bari elaichi’). They are 
perennial herbs producing brown coloured fruits. Their seeds and even fruits 
are used to flavour curries.

Uitlization i>l'(-ood PIliiiIs
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II. Hrassicu : Fam. Brassicaceae : The seeds of three species of the genus are 
used for flavouring food :
B. jimeea : (Indian mustard, ‘Rai’) : Yellow/white seed.
B. hirla : (White mustard, ‘Safed Rai'): Brown-yellow seed.
B.Juncea : (Black mustard, ‘Kali Rai'): Brown seeds.
These plants are annual herbs. Their seeds are used for flavouring curries and

pickles.
III. EletUiria cardamonum : Fam. Zingibcraccac : (Cardamum, ‘Chhoti 

elaichi’) ; It is a native of India. The plants are tall perennial herbs producing 
yellow coloured triangular fruits. The capsules are picked when young. The 
seeds contain essential oil. In India, they are cultivated in Karnataka. Kerala 
and Tamil Nadu. They are used in curries and pickles. Besides they are also 
used as masticatory with betel chew.

IV. Myristicii frngrans : Fam. Myristicaceae : (Nutmeg, ‘Jaiphal’) : It is 
perhaps a native or Molucca or spice island. The plants are small trees of 10- 
20 meter height producing yellow fruits. The aril of the seed is used for 
ilavouring curries, pudding and custard. The oil is used in perfumery.

V. TrigonelUt /oenum-ffraceum : Fam. Papilionaccae : (Fenugreek,
f ^Maithee’): It is a small annual herb producing trifoliate leaves and long pods.

■the seeds arc used for flavouring curries and pickles. They are also used as 
.medicine.

VI f, .

mil

'y’f. U”

3.8.^SUMMARY>u.
The'cereals are'Caryopsis fruits belonging to family Poaceae. They are classified 

as'Jmajof.^minor small grains and millets. Rice, wheat and maize are the major cereals. 
Rice'probably’oVigihateci in Indo-China or India. It is a tall herb whose grains contain 
90% oT'cafbohydfatesi'TlVey are generally eaten after processing. Rice constitutes the 
staple- food afler'Boilin'g'. Wheal is believed to be of multiple origin. The plants are 
annual herbs whose grains contain 69-70% carbohydrates. Maize is the gift of America.
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The plants are tall herbs bearing unisexual flowers (monoecious). The grains arc eaten 
after processing. Maize is used as a substitute of wheat.

Potato is underground stem vegetable. Its centre of origin is Peru. The plants are 
annual herbs. The underground stolons bear characteristic tubers at their tips. The 
tubers are rich in carbohydrates, Vit. B, C and iron. Sugarcane is a native of south-EasI 
Asia. It is a perennial herb of 2.5 to 4 meters height. The plant grows in clumps and it 
has bamboo-like stem containing about 80% juice The juice is boiled to form 
massecuite. The crystallization of sugar leaves behind the molasses. The sugar is then 
purified. From molasses, ethyl alcohol, rum, acetic acid and glycerine are prepared. 
Bagasse is used in the manufacture of paper and cardboard.

The ancient Indian treatise deals with medicinal plants. Hill classified medicinal 
plants on the basis of their drug yielding part into six categories, important drugs are 
obtained from the underground parts of plants like Aconitum napellu.s, Cephalis 
ipecacuanha, Acorus calamus, Curcuma longa. Ferula asafoetida, Rauvoljia 
serpentina, Withania somnifera etc., from the bark of plants like Cinchona. 
Cinnamomum zey/anicum etc. from stem and wood of the plants like Ephedra. Ferula 
galbaniflua, Sanialum album; from leaves of the plants like Adhutoda, Aloe, Afropa. 
Hyo.scyamus Mentha, Ocimum, Tylophora; from flowers of the plant like Artemisia. 
Matricaria. Viola, Cannabis, Crocus. Humulus, Madhuca etc. In addition to this fruits 
and seeds of the plants \\V.QAegle marmelos, Cuminuum cyminum, Emblica officinalis. 
Foeniculum vulgare, Papaver somniferum. Piper, Strychonos nux-vomica, Terminalia. 
Trachy-spermum ammi etc. are also medicinally useful.

The fibers fulfil the second basic requirement of human beings i.e., clothing. They 
are classified as textile, brush, plating and rough wearing, filling, natural and paper 
making fibers. The textile fibers are of three types : Surface fibers e.g., cotton; soft 
fibers e.g., jute, flax, kenaf and hard fibers like Agave, coir, manila hemp etc. Cotton is 
the seed surface fiber of Gossypium. it is used in textile industry. Jute is the best fiber 
of Corchorus stem. Kenaf is the similar fiber from Hibiscus cannabinus and flax comes 
from Linum usifafissium. These fibers are obtained by retting.

Useful soft fiber is obtained from the species ofAbutilon, Abelmoschus, Boeheria. 
Cannabis, Crolalaria, Hibiscus and Urena. Hard fiber is obtained from the leaves of 
Agave, coir from the mesocarp of Cocos nucifera and manila hemp from the leaf sheath 
of Musa textilis. Besdies, hard fiber also comes from the leaves of Aechmea. Ananas. 
Erianthus, Furcaria, Phormium and Sanseviera and bark of Careya. Brush fibers are 
obtained from the leaves of Borassus, Caryota, Rajfia, roots of Muehlenhergla and 
inflorescence of i’org/m/w ax\A Thysanolaena.

According to Hill (1952), the term spice is restricted to hard or hardened parts of 
plants, which are used in a pulverized state. The spices obtained from the underground 
parts include Ferula asafoetida (Asa-foetida), Curcuma longa (Turmeric), Zinger 
officinalis (Ginger) etc. The bark of Cinnamomum spp. and Sassafras albidum are also 
used as flavouring material. The leaves of numerous plants Cinnamomum tatnala 
(Indian cassie) Mentha, Murraya koemingi (Meetha neem), Ocimum basilicum etc. are 
used as flavouring material. Spices are also obtained from the fruits of Capsicum spp. 
(Red pepper), Carum curin (Caraway), Coriandrum sativum (Coriander), Ciiminhirn 
cyminum (Cumin), Foeniculum vulgare (Fennel), Piper nigrum (black pepper), and 
many other plants, the seeds of EUettaria cardomomiim (Cardanium). Myristica

Plant Breeding. Hiniechnology and 
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frugrans (Nutmeg), and Trigonella foenum-graecum (fenugreek) are used for 
flavouring food.

Ulilizaiion ol'I-'ood I’lanls,

1.9. STUDENT ACTIVITY
Describe the important medicines obtained from the underground parts of plants.I.

I

2. Describe the spices obtained from the seeds of the plants..

1.10. TEST YOURSELF
1. Which is the most important cereal of temperate region ?
2. Which country is the centre of origin of rice ?
3. The cereal maize is the native of which country ?
4. From which part of Cinchona, a drug is obtained ?
5. Name the most important alkaloid ofRauvoifia serpertina.
6. Coir of commerce is obtained from which part of coconut ?
7. Name the long fibers of cotton seed.
8. Jiame the common process of sugarcane cultivation.
9. Jute is obtained from which part of the plant ?
10. What is the botanical name of the nutmeg ?
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6. Mesocarp
I. Wheat 
4. Bark 
7. Lint

2. India 
5. Reserpine 
8. Stem Cuttings

9. Secondary phloem of stem of Corchorus spp.
10. Myristicafragram.
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UNIT-II Definilion orBio-ttchnoUig> and 
Us Appliijiiiions

1
DEFINITION OF BIO TECHNOLOGY

AND ITS APPLICATIONS
• 'r. , STRUCTURE

Definition
Traditional and Modern Biotechnology 
Advancement of Biotechnology 
Applications of Biotechnology 
Scope of Biotechnology 
Biotechnology in India 
Summary 
Test Yourself 
Answers

LEARNING OBJECTIVES
After reading this chapter you wifi be able to know the definition, applications and 

scope of biotechnology.

1.0. DEFINITION
Biotechnology is a term which is a combination of two individual terms: Biology 

and Technology, As the name suggests “it is the assembly of technology in science of 
biology”. Most simply it may be defined as the regulated and controlled use of the 
biological agents for the manufacture of useful products or for generating 
beneficial services.

These biological agents may be microorganisms, animals or plants or their cellular 
components. However, it is not easy to define biotechnology in a single sentence 
because of its wide and multidisciplinary applications. Various definitions have been 
given by different scientific organisations. One of such standard definitions as given by 
the ‘European Federation of Biotechnology' is as follows:

Biotechnology is the integrated use of biochemistry, microbiology and 
engineering sciences in order to achieve technological applications of the 
capabilities of microorganisms, cultured cells/tissues and parts thereof.

U.S. National Science Federation says that “Biotechnology is the controlled use of 
biological agents such as microorganisms or cellular components for beneficial use.”

According to lUPAC (international Union of Pure and Applied Chemistry), 
biotechnolog.v means ‘Mhe application of biochemistry, biology, microbiology and 
chemical engineering to industrial processes and products and on environment.”

1.1. TRADITIONAL AND MODERN BIOTECHNOLOGY
The art of biotechnology is very old. It is as old as human civilization. It acUialiy 

began when man started the domestication of useful plants and animals and started 
utilizing microbes for making'various beverages (like wine, beer), curd, vinegar, etc. 
Alcohol was probably the first product of ancient biotechnology. Such practices which 
have been iii vogue since long by our ancestors and are being used even today are 
included in the traditional biotechnology. Such practices are very common in day-lo- ,
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day life and arc also used in normal kitchen technology, while preparing idli, dhokla, 
cheese, curd, etc.

With the advancement of science and technology, advent of new analytical 
instruments and recent progress in the field of microbiology, molecular biology, etc., it 
has become possible for us to discover or improve better strains of microbes for 
commercial production. Tliis all comprises the modern biotechnology. ,

In simple words wc may also differentiate between traditional (old) and modern 
(new) biotechnology. It is as follows:

Old biotechnology is the one, which involves the exploitation and utilizjition*bf 
natural capabilities of microbes or ccllular'componcnts for manufacture of useful 
products or for services.

New biotechnology involves the use of recombinant DNA technology, enzyme 
engineering, genetic engineering practices, etc. for developing newer or improved 
capabilities of biological agents for production of beneficial serv'ices or products.

Plant Breeding. Biotechnolog}- and 
Generic Engineering
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1.2. ADVANCEMENT OF BIOTECHNOLOGY
This branch of biology is in use by mankind since very long. Numerous important 

achievements and advancements have been made by many eminent workers fbr this 
discipline. A few of such important contributions by various workers in the field of 
biotechnology are enlisted below : ■t-

Vear Worker m ■ Contrihution

Inlroduclion of coaccpi of hormonc.s ns inicrnal 
secretions

I855 • Claude Bernard

1876 Discovered fermentation• l..ouis Pasteur

1905 Coined the term ‘Hormone’• Henry Sterling

1908 Discovered BCG Vaccine• Guerin, Calmett
I913 Derived an equation of iinzyme Kinetics* Michaelis, Menton

Gave the term ‘Biotechnology’I9I7 • Karl Ereky
I922 Insulin isolated in pure fomi• Mcleod. Best and Collip

1924 Presented staining technique for localizing DNA in• A. Fculgen
cell

1928 * Alexander Fleming Discovered penicillin

1928 •F. Crimth Genetic transformation in Bacteria

1938 Developed ultra centrifugation technique• Svedberg

1944 Discovery of streptomycin• Waksman

1971 ■ Ananda Chakrahorly . Genetically engineered strain of Pseudomonas for 
oil-eating (•»*

1980 • Gilbert and Weisman Human Interferon produced in bacteria

1984 Invention of I’CR‘ Kary Mullis i
Biotechnology ns n MultiJisciplinnry Activity : Biotechnology is truly 

muitidisciplinao' (or interdisciplinarj') in nature and it encompasses several disciplines 
of basic sciences and engineering. The .science disciplines from which biotechnology 
draws heavily arc Microbiology, Chemistry, Biochemistry, Genetics, Molecular 
Biology. Immunology, Tissue Culture and Physiology. Recent advancements have led 
to a multidisciplinary applicability of biotechnology. Various areas in which this 
discipline is very frequently used on large scale arc: agriculture, food and beverage 
industr)', environment, medicines, energy and fuels, enzyme technology, wa.ste 
utilization, biodiversity conservation, etc. (Fig. 1).

Biotechnology has great impact in areas like Environment, Bioinformatics, 
Genomics. Proieomics and Human Genome Project (HGP).

1
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Fig. 1. Bioti-chnolo^ : A Multidisciplinary Activity

1.3. APPLICATIONS OF BIOTECHNOLOGY
IBioteclinoJogy is .such a branch of science which has advanced rapidly and has 

emerged as a potential science for providing benefits in all the fields of human welfare. 
It has a great impact in almost all the domains of human life, may it be health, 
environment, food or agnciillure. Recent advancements have led to a mulfidisciphna/y 
applicability of biotechnology. Various areas in which this discipline is very frequently 
used on a large scale are as follows :

1. Agriculture
2. Food and Beverage Industry
3. Environment
4. Health care and Medicines
5. Energy and Fuels.
6. Enzymes and Biochcmicals.
7. Other Industrial applications.
8. Forensic cases
9. Conservation ofNature
1. Biotechnology in Agriculture : Agricultural biotechnology is supposed to be 

the answer to a hungry world’s food supply. The applications of biotechnology in 
agriculture rank second (first being in medicines). Biotechnological approaches are 
used valuably in the fields of horticulture and floriculture also. Major applicabilities of 
biotechnology in the field of agriculture and horticulture are;
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□ Manufacture of Biofertilizers which prove to be more beneficial than other 
synthetic and chemical fertilizers- Bioferiilizers are cost effective, harmless for 
plants and they also increase soil fertility.

□ The Nitrogen-fixation and assimilation efficiency of the cre ' are also being 
increased by the practices like cloning of nif (nitrogen flxingl genes or by 
transferring such genes to crop plants, etc.

G Production of Transgenic plants or Genetically Modiiied plants (GMP)— 
The plants whose genome has been modified by introduction of foreign 
gene(s) of an unrelated organism, are called transgenic plants or GMPs 
e.g, Bt cotton, Flavr Savr Tomato, Golden Rice,
The transgenic plants may provide one or more characteristics of ihs 
following:

(a) Resistance to insects, fungi, bacteria and virus
(b) Highly resistant to herbicides, pesticides and other chemicals.
(c) Drought resistance, flood resistance. Salinity resistance, etc.
(d) High productivity.
(e) Crop plants with improved quality.
G Plant Tissue Culture. Jt aims at the in vitro culture of plants. It is very 

beneficial for agriculture. This is evident by the following points :
(a) Clonal propagation helps in rapid production of commercially 

important plants and trees like timber trees, ornamental plants, 
orchids, fruits, rubber plants, etc.

(b) Production of somatic hybrids by hybridization of protoplasts of two 
sexually in-compatible plant species. Such somatic hybrids have 
characters of both unrelated species.

(c) Production of artificial seeds, etc.
2. Biotechnology in Food and Beverage Industry : A number of 

microorganisms are used beneficially in the production of certain foods and beverages 
like cheese, wine, curd, beer, vinegar, etc,. The underlying proce.ss behind such 
productions is fermentation. Natural fermentation has played a vital role in human 
development and it is the oldest form of production of wine.

Fermentation may be defined as the process which involves the biochemical 
activity of microorganisms to produce an economically important product like 
food, beverages or pharmacenticals. In other words, it is the use of micro organisms 
for production of commercial products. Natural fermentation is the part of Iradilional 
biotechnology, Several modifications are also done in the genome of microbes by gene 
transfer methods to achieve better results and this is indiided in modern biotechnology.' 
The fermentation may be performed by yeasts, bacteria, molds or by combination of 
these organisms.

Yeasts are of primary importance in manufacture of bread, beer, wine and distilled 
liquors. Molds are important in the preparation of some cheeses and oriental foods. A 
few fennented products are listed below along with the substrate name and the name of 
microorganism involved :

Plant Breeding. Biotechnology and 
Ceneitc Engineering

Product Substrate Microorganism
1. Beer Barley malt Saceharoniyces uvarum, S. cerevisioe
2. Cheese Milk Streplococcii.s iactis
3. Ginger Beer Sugar solution flavoured with 

ginger
Saccharomycex pyriformis and Loctobcicilhis 
verniiformi.s'

4. Grape wine Juice of grapes. 5. cerevtsiae, S. ellipsoides (Also called wine 
yeast)
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5. Idli Rice and black gram mungo 
soaked and ground

Leuconosioc mesenieroides, Sireplococcus 
faecalis, Pediococcus cerevisiae

Definiiion of liio-icchnology and 
ils Applications

6. Miso Steamed polished rice mash Aspergillus oryzae. Saccharomyces rouxii
7. Soy Sauce Mixture of wheat bran, soybean 

flour or rice
A. oryzae. S. rouxii, Bacillus sublilis

8. Tempeh Boiled soybeans without seed 
coat

Rhizopus spp.

Paste of soaked soybeans Mucor spp.9. Tofu
Juice of fruits or starchy 
vegetables

5. cerevisiae, S ellipsaides and Acetobacler10. Vinegar

Sireplococcus ihermophilus 
Lactobacillus bulgaricus

andConcentrated milk11. Yoghurt

Distilled liquors : Liquors or spirits of interest produced by distillation of an 
aicoliolically fermented product.

(a) Rum—Distillate from alcoholically fermented sugarcane juice or molasses.
(b) Whiskey—Distillate from fermented grain mashes
(c) Brandy—Distillate from wine
(d) Gin—Distillate from fermented rye malt.
Single Cell Proteins(SCP) : It is the term which designates the high protein food 

from microorganisms like algae, filamentous fungi, bacteria and yeast. Genetic 
engineering is used to select and produce the high protein content or desirable 
composition of food by improving the microbial strains. SCP is, actually, the total 
microbial biomass which is free from any type of toxins and contaminants. It is high in 
protein contents so it can be used to replace the conventional vegetable and animal 
protein sources. Biotechnological approaches have been in use for the mass-cultivation 
of SCP by improving the source microorganisms. Some such microbial sources are :

Algae
Mushrooms
Yeasts
Bacteria

: Chlorella, Spirulina, Scenedesmvs
: Agaricus campesiris: Morchella crassipes 
: Candida ulilis, Saccharomyces fragilis, Rhodolorula 
; Pseudomonas, Cellumonas.

3. Biotechnology and Environment : A clean environment is as important for us 
as better health and nutritious food. Environmental biotechnology promises to solve 
many problems related with pollution, waste disposal, etc.

• Methods using organisms to breakdown the pollutants e.g. the traditional septic 
tanks where domestic sewage is decomposed by bacteria.

• Genetically engineered microbes (GEM) are used for efficient treatment of 
industrial waste water.

• ‘ A greatly enhanced oil-eating bacterial strain i.e.. Pseudomonas helps in the
removal of oil-spilis.

• Bioremediation of pollutants is an effective, simple and more practical method 
of removal of earth’s pollution. Bioremediation means the utilization of 
biological organisms for reducing pollution or for the removal of 
environmental pollutants. The bioremediation of organic toxic pollutants is 
mainly based on the microorganisms and thus it is called as ‘microbial 
bioremediation’. On the other hand, the bioremediation of inorganic 
contaminants is carried by certain plant species and therefore it is termed as 
‘phytoremediation’ {i.e. bioremediation by use of plants).

• Growing plants with high metal absorbing ability can be a cheap and effective 
method to remove toxic chemicals from a particular land area.
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• Most importantly, the production of biofuels is also a gift of environmental 
biotechnology for us.

4. Biotechnology in Medicines and Health Care : In medical field, the 
contribution of biotechnology is most frequent. It not only helps in the cure of diseases 
but also aids in detection and prevention of diseases. It also helps in curing genetic 
disorders by means of gene therapy.

• DNA probes and Monoclonal antibodies are used as tools for diagnosis of 
diseases.

• Many valuable drugs and antibiotics are also produced on large scale by using 
biotechnological processes.

• Human Insulin was the first therapeutic product to be made commercially by 
genetically engineered bacterium.

• Cloning of human leukocyte interferon gene, Hepatitis B Virus gene. Human 
Growth Hormone (HGH) genes, etc. have also helped in the production of 
vaccines.

• Gene therapy'is the method of curing genetic diseases (or acquired diseases) by 
• the replacement of an abnormal gene by a therapeutic gene. Diseases like I'ay-

sachs disease, Cystic fibrosis, etc. can be cured by gene therapy, ('uiTcnlly 
biotechnologists are also making trials for using gene therapy to cure tumours, 
cancers, etc.

The type of gene therapy which is done at the level of germ cells like sperms, or 
eggs is called as germ line gene therapy. In this type of gene therapy, the functional 
genes are introduced into the genome of germ cells. The changes so occurred are 
passed on to the forthcoming generations also, i.e., the changes are heritable in case of 
germ line gene therapy. Other type of gene therapy is the somatic cell gene therapy. It 
involves the correction of genetic defects by introduction of therapeutic gene into the 
somatic cells of body. The changes so occurred are not heritable.

Genetic engineering aids in the high speed and high quantity production of 
antibiotics by certain microorganisms. A few important antibiotics and their sources are 
given below:

(a) Penicillin
(b) Streptomycin
(c) Aureomycin
(d) Chloromycetin
(e) Erythromycin
(f) Griseofulvin
(g) Oxytetracyclin

f^lani Breeding, Biolechiinlogy and 
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~ PenicilUum nolaiian, P. chrysogenum
- Sireplomyces griseus
- S. aureofaciens
- S. venezuelae, S. lavendiilac.
- S. erytheraeus
- P. griseqfulvum
- S- rimosux

5. Biotechnology in Energy and Fuels : Today oil is the major fueling material 
but it is bound to run out in forthcoming years. Also, it causes a great amount of 
pollution. A substitute of it is being found in biofuels which are produced from the 
sources that are relatively clean and renewable.

• Potential fuel crops can be genetically engineered so that they can grow at a 
faster rate and that also with a higher ratio of easily fermentable tissues.

• The microbes involved in fermentation can also be engineered for more 
efficient conversion of substrate into biofuel.

Biotechnology is contributing a lot to increase the acceptability of biomass, 
biogas, etc. as the comrhercially stable energy option for forthcoming lime. The 
biomass of other biological wastes can be utilized for the generation of different forms 
of energy. Biotechnology provides a number of advanced techniques for this purpose. 
For instance, the techniques of gene manipulations, improved varieties o!' plants for
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high yield, modified microbes, etc. make it possible to explore renewable sources of 
energy. There arc certain plants, which produce hydrocarbons and are called petro- 
plants. c’.g., Hevea rubber plant, Calotropis procera. Euphorbia lalhyris, etc. Certain 
algae are also of immense use in production of biofuels. Biological agents like plants 
and microbes are modified biotechnologicady and are then used to generate efficient 
fuels like biogas, bioethanol, biodiesel, biohydrogen,

6. Biotechnology in Production of Enzymes and Biochemicals : Many 
commercially important enzymes and other biochemical compounds can be obtained on 
large scale by modifying the source microbial strains using gene transfer methods. 
Such modified microbes are termed as OEMs (Genetically Engineered Microbes), 
Similarly, many other compounds like vitamins, steroids, secondary metabolites, 
organic acids, etc. may be extracted and derived from the activity of other GMOs 
(Genetically Modified Organisms).

• Biofertilizers, Bioherbicides, Bio-insecticides are certain biologically produced 
chemical compounds which involve the utilization of microbial activities.

• Some Examples of enzymes with their source micro-organisms are :
Pectinase 
Glucanase 
Lipase 
Cellulase 
a-amylase 
Invertasc 
Rennet
Urate Oxidase 
Protease 
Glucose oxidase

7. Other Industrial Applications : Microorganisms are of great importance for 
production of various substances having great scope in different industries. Microbial 
strains can be improved biotechnologically to get the desired product in sufficient 
quantity. For this purpose, the microbes can be improved using genetic engineering 
(recombinant DNA technology). Different products of interest which are frequently 
produced in this manner are vitamins, enzymes, organic acids, amino acids, etc. Using 
genetic engineering techniques, it has become possible to obtain the mutants of 
microorganisms which can produce a much higher amount of product of interest than 
the natural ones.

Genetic engineering not only results in enhanced metabolite production but may 
also help in product modification, or producing a completely new product of interest.

Different uses of genetically engineered microbes (GEM) in various industries can 
be enlisted as follows:

(a) Vitamins like Vif. A, B, C,
(b) Alcohols like Ethanol, Butanol, Amyl Alcohol.
(c) Amino Acids L-Glutamate, Glycine, L-Lysine, L-Valine, etc.
(d) Antibiotics Penicillin, Tetracyclin, Streptomycin, etc.
(e) Enzymes from fungi, bacteria, L-amylase, lipase, penicillinase, protease,

Ddmilion of Bio-technology and 
its Applications

- Aspergillus niger, Bacillus sublilis
- A. niger, B. subtilis 
-A. niger, Mucor spp.
- A. niger, Rhizopus, Trichoderma

. - B, iicheniformis, B. amyloliquefaciens
- Saccharomyces cerevisiae, S.Jragilis
- Mucor spp.
-Aspergillus Jlavus
- Bacillus Iicheniformis
- Penicillium notatum

invcrtase
(t) Biofertilizers. Bioinsecticides and Bioherbicides from biotechnologically 

improved bacterial, fungal, protozoan strains. These are of great benefit in agriculture.
(g) Extraction of minerals like copper, uranium from ores through leaching by 

using improved bacterial strains.
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8. Biotechnology in forensic cases : The applications of biotechnology in forensic 
science involve mainly the DNA fingerprinting technique. It helps in the identification 
of the rapists, murderers, or any other criminals on the basis of the study of DNA 
isolated from blood stains, hair roots, semen, sweat, saliva or urine. This technique also 
helps in solving the parentage disputes i.e.. to find out the biological father of a child.

9. Biotechnology for Conservation of Nature : For ex-silu conservation of plant 
species, the biotechnological approaches are used. The germplasm banks, seed banks, 
gene banks, etc. utilize the cryopreservation technique. Various tissue culture 
techniques are also employed for conservation of threatened species. Micropropagation 
helps in the rapid multiplication of endangered plant species.

PIttni Breeding, Bioiechnolog)’ and 
Genetic Engineering

1.4. SCOPE OF BIOTECHNOLOGY
Biotechnological approaches are applied to accomplish goals for the benefit of 

mankind. Scientists have achieved many such goals and a few fields are also there in 
which they are trying for success. Following are a few programmes being underuikcn 
by the biotechnologists:

(a) Development of effective antiviral vaccines.
(b) Biocontrol of plant diseases
(c) Genetically improving the pharmaceutical microorganisms.
(d) Large scale production of biopesticides and biofertilizers.
(e) Production of Human Interferons.
(f) Upgrading the photosynthetic efficiency of plants.
(g) Production of secondary metabolites from plants on large scale.
(h) Improved production of vitamins.
(i) Developing efficient biofuels.
(j) Developing methods for curing cancer.
(k) Belter gene therapy practices for human.
(l) Production of transgenic animals and plants with better qualities.
(m) Protection of threatened species.
Biotechnology has become a very progressive branch of science today. Developed 

countries and even some developing countries also, are pushing the researches in this 
field. All this is due to the fact that biotechnology has a great commercial potential. It 
has revolutionised the industries specially the pharmaceuticals. This revolution is 
clearly reflected by the emergence of a number of biotechnological companies all over 
the world. To name a few of these biotech companies are Monsanto Co. (U.S.A.). 
Genentech Inc. (U.S.A.), Eli lilly, Smithkiine, Hybritech U.S.A., etc. In India also, 
there are a number of companies which have been successfully producing the modern 
biotechnological products specially the drugs. Some such Indian companies are 
Pemxetia Biotech Ltd., Wipro, Reliance,

1.5. BIOTECHNOLOGY IN INDIA
Like other developing countries, biotechnology has become a major thrust in India 

also. For promotion and planning of various biotechnological programmes in India, 
there is present a separate department called Department of Biotechnology (DBT).

DBT was set up in 1986 under the Ministry of Science & Technology. DBT funds 
some important centres for -exploiting biotechnological approaches and also for 
promotion of post- graduate education pnd research in the field of biotechnology.

Apart from DBT there are some other agencies also which work under the Indian 
Government for promotion of biotechnological approaches in various fields like 
industry, agriculture and environment. A few important of them are :
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DST—Department of Science and Technology, New Delhi 
CSIR—Council for Scientific and Industrial Research, New Delhi 
ICMR—Indian Council of Medical Research, New Delhi 
lARI—Indian Agricultural.Research Institute, New Delhi.
There are many other centres in India which function, in one way or the other, for 

promoting biotechnology in India, Some of these centres are ;
NDRl—^National Dairy Research Institute, Karnal, Haryana 
CDRI—Centra) Drug Research Institute, Lucknow, U.P.
IVRI—Indian Veterinary Research Institute, Izatnagar. U.P.
CFTRI—Central Food and Technological Research Institute, Mysore 
CIMAP—Central Institute of Medicinal and Aromatic Plants, Lucknow, U.P.
IITs of Kanpur, Madras, Bombay, New Delhi.
NRPGR—^National Bureau of Plant Genetic Resources, New Delhi 
In addition to all the above mentioned centres, there are also a number of 

companies in private sector of India which have been showing keen interest in the 
production of modern biotechnological products.

Definition of Bio-iechnology and 
its Applieations'

1.6. SUMMARY
Biotechnology can be defined as the regulated and controlled used of biological 

agents for the manufacture of useful products or for generating beneficial services. Our 
ancestors used the natural capabilities of microbes for manufacture of useful products 
and these processes are being used even today. It is called the traditional 
biotechnology. Use of new analytical instruments, recombinant DNA technology, 
enzyme engineering, genetic engineering for developing newer or improved 
capabilities of biological agents is new biotechnology. It is multidisciplinary in nature 
and encompasses several disciplines of basic sciences and engineering. Biotechnology 
has a great impact in all the domains of known life, may it be agriculture, food, 
environment, health care, energy, enzymes or conservation, health care, energy, 
enzymes or conservation of nature. Various goals have been achieved by application of 
biotechnology but still a few fields are left such as devesloping methods for curing 
cancer, development of effective antiviral vaccines, biocontrol of plant diseases, 
production of human health interferons etc.

1.7. STUDENT ACTIVITY
1, What do you understand by the term biotechnology ? Write in brief its applications.
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2. Define scope of biotechnology.Plaiu Breeding. Biotechnology and 
Genetic Engineering

1.10. TEST YOURSELF
1. Who gave the term biotechnology ?
2. What are OEMs ?
3. Which bacterium is used for the management of oil spills ?
4. Name two biofuels ?
5. Cotton is transgenic plant. Write the full form of ‘ Bz' abbreviation.

ANSWERS
1. Karl Ereky
3. Pseudomonas

2. Genetically engineered microbes 
4. Biogas, Biodiesel 5. Bacillus thuringiensis.

□ □□
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LEARNING OBJECTIVES•.n:

After reading this chapter you will be able to know the methods and applications 
of plant tissue ciilture.

2.0. INTRODUCTION
Plant tissue culture has a great significance in plant biotechnology specially in the 

crop improvement programmes. The term tissue culture may be defined as the process 
of in-vitro culture of explants (pieces of living differentiated tissues) in nutrient 
medium under aseptic conditions.

However, in general, the tissue culture includes the term tissue culture as well as 
cell culture, organ culture and suspension culture also.

Plant tissue culture is fundamental to most aspects of biotechnology of plants. It is 
evident now that plant biotechnology is one of the most beneficial of all the sciences. 
The products of plant biotechnology are being transferred rapidly from laboratories to 
the fields. Also, the plant tissue culture has become of great interest to the molecular 
biologists, plant breeders and even to the industrialists, as it helps in improving the 
plants of economic importance. In addition to ail this, the tissue culture contributes 
immensely towards understanding the patterns and responsible factors of growth, 
metabolism, morphogenesis and differentiation of plants.

2.1. RELATED TERMS
Tissue Culture : The in-vitru culture of the tissue e.g. Callus culture 
Cell Culture : Denotes the in-vitro culture of single or a few cells.
Organ Culture : This term is used for in-vitro culturing of organs like embryo, 

root or shoot apices.
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Suspension Culture : Defined as the culture of cell and cell aggregates suspended 
in a liquid medium.

Explant: The excised piece of differentiated tissue or the organ which is used for 
culture is called as explant, e.g.. embryos, young leaf, bud, etc.

Callus : The undifferentiated mass of cells is referred to as callus. The cells of 
callus are meristematic in nature.

Plant Breeding. Biotechnology and 
Genetic Engineering

2.2. HISTORY OF PLANT TISSUE CULTURE
G. Habcrlandt, a German botanist, in 1902 cultured fully differentiated plant cells 

isolated from different plants. This was the very first step for the beginning of plant cell 
and tissue culture. Further contributions were made by the Cell Doctrine which 
admitted that a cell is capable of showing totipotency*. With the identification of a 
variety of chemicals like cytokinin, auxin, other hormones, vitamins, etc. and their role 
in affecting cell division and differentiation, the methods of plant tissue culture 
developed in a proper manner. Three other scientists Gautherel, While and 
Nobecourt also made valuable contributions to the development of plant tissue culture 
techniques.

Later on, a number of suitable culture media were developed, for culturing plant 
celfs, tissues, protoplasts, embryos, anthers, root tips, etc. The discovery and 
understanding of the role of plant growth hormones in the multiplication of cell also 
provided an extra aid for the development of in-vitro culture methods of plants. The 
first plant from a mature plant cell was regenerated by Braun in 1959. Foundation of 
commercial plant tissue culture was laid in 1960 with the discovery for a million fold 
increase in the multiplication of Cymbidium (an orchid) which was accomplished by 
G.M. Morel.

In India, the work on tissue culture was initiated during 1950s at University of 
Delhi. This initiation is credited to Shri Panchanan Maheshwari who was working 
there in the Department of Botany. Discovery of haploid production was a land-mark in 
the development of in-vitro culturing of plants. Shri S.C. Maheshwari and Slpra 
Guha made a remarkable contribution in the development of plant tissue culture in 
India. Later on the development in the composition of nutrient media and genetic 
engineering served as a basis for further success in the plant tissue culture techniques.

As described earlier also, Gottleib Haberlandt was the first person to make 
attempts for plant tissue culture, i.e., he developed the concept of in-vitro culture of 
plant cells and is aptly regarded as the father of tissue culture. Thereafter, there 
happenned some dramatic advances in tissue culture techniques. Some of the early 
classical contributions in the field of plant tissue culture arc tabulated below ;

Year Worker' Advancement
1902 Haberlandt First attempt of in-vitro culture of plant cell
1904 Hannig Culture ofembryogcnic tissue of crucifers
1922 Robbins In-vitro culturing of roots
1925 Laibach Zygotic embryo culture ofLinum
1934 White Culture of roots of tomato plant
1939 Gautheret, White 

and Nobecourt
Successful establishment of indefinite callus culture

1941 Braun Culture of Crown Gall Tissues
1945 Loo Cultures from stem tip
1955 Miller Hormone Kinetin discovered
1957 Skoog, Miller Discovered that Auxin ; Cytokinin ratio regulates the organ 

formation
I960 Bergmann Development of Plating technique for isolation of single cell

•Totipotency : Capacity exhibited by certain types of differentiated plant cells to regenerate whole plant74 Sell- Instructional Material



Successful Protoplast fusion Basic Aspects of Plant Tissue 
Culture

1970 Power
Successful Anther Culture1970 Maheshwari and 

Guha
Plants regeiieraieci from protoplasts1971 Takabe
Bioiransformation in plant tissue culture1974 Reinhard

Production of somatic hybrid Pomato1978 Melchers

2.3. BASIC REQUIREMENTS OF PLANT TISSUE CULTURE
The main requirements of plant tissue ciiituie are ;
(1) Laboratory organisation
(2) Culture media
(3) Aseptic conditions
(1) Laboratory Organisation : In a standard tissue culture lab, there must be a 

few basic facilities like :
(1) A Media Room for preparation, sterilization and storage of culture media.
(ii) Facilities for washing of labwares. explants, etc.
(iii) Space for storage of labwares.
(iv) Culture rooms or incubators where conditions of temperature, humidity and 

light etc. can be maintained.
(v) Observation and Data Collection area.
(2) Culture Media : The formulation or the medium on which the explant is 

cultured is called culture medium. It is composed of various nutrients required for 
proper culturing. Different types of plants and organs need different compositions of 
culture media. A number of media have been devised for specific tissues and organs. 
Some importantofthem are :

MS (Murashige and Skoog) Medium 
LS (Linsmaier and Skoog) Medium 
B5 (Gamborg's) Medium 
White's Medium, etc.
Important constituents of a culture medium are :
(i) Organic supplements:

(a) Vitamins like thiamine (B|), Pyridoxin (Ba), Nicotinic Acid (B.O, etc.
(b) Antibiotics like Streptomycin, Kanamycin;
(c) Amino Acids like Arginine, Asparagine.

(ii) Inorganic Nutrients : Micronutrients as Iron (Fe), Manganese (Mn), Zinc 
(Zn), Molybdenum (Mo), Copper (Cu), Boron (B).

Macronutrients include six major elements as Nitrogen (N), Sulphur (S), 
Phosphorus (P), Potassium (K), Calcium (Ca) Magnesium (Mg).

(iii) Carbon and Energy Source 4 Most preferred carbon source is Sucrose. 
Others include lactose, maltose, galactose, raffinose, cellobiose,

(iv) Growth Hormones :
(a) Auxins-mainly for inducing cell division.
(b) Cytokinins-mainly for modifying apical dominance and shoot 

differentiation.
(c) Abscisic Acid (ABA)-Used occasionally.
(d) Gibberellins-Used occasionally.

(v) Gelling Agents : These are added to media to make them semisolid or solid. 
Agar, Gelatin, Alginate etc. are common solidifying or gelling agents.
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(vi) Other Organic Extracts : Sometimes culture media are supplemented with 
some organic extracts also like coconut milk, orange juice, tomato juice, potato extract.

Plant breeding, Bioiechnniogy and 
Genetic Engineering

etc.
Table : Stock solutions of MS basal medium

Constituents Quantity (gm/litre)
Stock Solution I

7.400
3.400 

38.000 
33.000

8.800

Mg.SO4.7H2O
KH2PO4
KNO3
NH4NO3
CaCl2.2H20

Stock Solution II
1.240
4.460
1.720

H3BO3
MnS04.4H20
ZnS04.7H20
Na2Mo04.2H20
CUSO4.5H2O
C0CI2.6H2O

0.08
0.005
0.005

Stock Solution III
FeS04.7H2O 
Na: : EDTA . 2H2O

5.560
7.460

Stock Solution IV 
Inositol 20.000

0.100
0.100
0.100
0.400

Thiamine HCl 
Pyridoxine HCl 
Nicotinic acid 
Glycine

1 Ur of MS medium (50 ml of Mock solution I) + (SmI of each slock solutions II, 111,IV)
(3) Aseptic conditions : Maintenance of aseptic conditions is the most critical and 

difficult aspect of in-vitro culturing experiments. Aseptic conditions mean the 
conditions free from any type of microorganisms (so as to prevent the loss of 
experiment by contamination). For this, sterilization {i.e., complete removal or killing 
of microbes) is done. The most common contaminants in culture are fungi and bacteria.

Measures to be taken for maintaining asepsis during tissue culture are :
(i) Sterilization of the culture vessels using detergents, autoclaves, etc.
(ii) Sterilization of instruments like forceps, needles etc. by flame sterilization.
(iii) Sterilization of culture medium using filter sterilization or autoclaving 

methods.
(iv) Surface sterilization of explants using surface disinfectants like Silver Nitrate 

(1%), H2O2 (10-125), Bromine water (1-2%). Sodium Hypochlorite solution 
(0.3-0.6%), .

The whole procedure of plant tissue culture is to be carried out essentially under 
aseptic conditions. So, the overall design of the laboratory must focus on the 
maintenance of aseptic conditions. Secondly, the worker is also required to have proper 
knowledge of operating various equipments like pH meter, balance, laminar air flow, 
microscope, etc. While performing the tissue culture experiments there must be present 
the firstaid kits and fire extinguishers in the laboratory to avoid any mishap or accident. 
In addition, proper care should be taken while handling the toxic chemicals and all the 
chemicals should be kept in correct labelled containers and bottles.
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2.4. GENERAL TECHNIQUE OF PLANT TISSUE CULTURE [Basic Aspects of Plant Tissue 
CuliuieGeneral technique of plant cell, tissue and organ culture is almost the same with a 

little variation for different plant materials. There are certain basic steps for the 
regeneration of a complete plant from an explant cultured on the nutrient medium (Fig, 
1). The basic steps for in-viiro culturing of plants are :

3. Pniper 
Trimmini: <if 

cxplnnl

2. bxcisioii <>r 
K.xplanlI. Ininc't I'hinis

4- Siirliicc sli-ri- 
lizulinn of 

explain
Sterili/jition 

of "lassMarcs "
(i. Kvpiaiil nnslied 

in sterilized 
distilled Malrr

9. Incubation under 
suitable conditions 
for proper cuilun'

8. Inoculation of explain 
in the (Tiltiire medium 

under aseptic conditions
7, Culture medium is 

sterilized in Autoclave

II. Subiulturin)’ for obtaining 
desired results11. Plaullei litinsfer ^

Hg. 1. Steps in general tcclniique of Plant tissue culture.

(a) Selection and Sterilisation of Explant : Suitable explant is selected and is 
then excised from the donor plant. Explant is then sterilized using disinfectants.

(b) Preparation and Sterilisation of Culture Medium : A suitable culture 
medium is prepared with special attention towards the objectives of culture and type of 
explant to be cultured. Prepared culture medium is transferred into sterilized vessels 
and then sterilized in autoclave.

(c) Inoculation : Sterilized expiant is inoculated (transferred) on the culture 
medium under aseptic conditions.

(d) Incubation : Cultures are then incubated in the culture room where 
appropriate conditions of light, temperature and humidity are provided for successful 
culturing.

(e) Subculturing : Cultured cells arc transferred to a fresh nutrient medium to 
obtain the plantlets.

(f) Transfer of Plantlets : After the hardening process (/.e., acclimatisation of 
piantlet to the environment), the plantlets are transferred to green house or in pots.

Equipments in Tissue Culture Lab
• Autoclave
• Weighing Balance
• Magnetic stirrer
• pH meter
• I.aminar Air flow Hood (Fig. 2)
• Light meter
• Glasswares
• Measuring cylinders
• Forceps, needles, spatulas

• Refrigerator
• Deep freeze
• Incubator
• Hot air oven
• Microscopes
• Rotary Shaker
• Spirit lamps
• Micropipettes.
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Sicrilized Chamber
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Fig. 2. Laminar Air Flow Hood.

Basic Aspects of Plant Tissue Culture
In planl tissue culture technique, an explant is taken, it is cultured on a nutrient 

medium under certain conditions and finally we obtain a whole new plant. How does it 
happen?

The answer to this question lies in the inherent capacity of plant cells that are
differentiation and cellular totipotency.

2.5. CELLULAR TOTIPOTENCY
The potential of a plant cell to grow and develop into a whole new 

multicellular plant is described as cellular totipotency.
in other words, the property of a single cell for differentiating into many other ceil 

types is called as totipotency. This is the property whicli is found only in living plant 
cells and not in animal cells (exception being stem cells in animals). The term 
totipotency was coined in 1901 by Morgan. During culture practice, an cxplanl is 
taken from a differentiated, mature tissue. It means, the cells in explants are generally 
non-dividing and quiescent in nature. To show totipotency, such mature, non-dividing 
cells undergo changes which revert them into a meristematic state (usually a callus 
state). This phenomenon of reverting back of mature cells to dividing state is called 
dedifferenliatlon. Now, these dedifferentiated cells have the ability to form a whole 
plant or.plant organ. This phenomenon is termed as redifferentiation.

Dedifferentiation and redifferentiation are the two inherent phenomena involved in 
the cellular totipotency. Regarding this, it is clear that the cell differentiation is the 
basic event for development of plants and it is also referred to as cytodifferentiation. To 
express its totipotency, a differentiated cell first undergoes the phenomenon of 
dedifferentiation and then undergoes the redifferentiation phenomenon (Fig. 3). 
Usually the dedifferentiation of the explant leads to the formation of a callus. However, 
the embryonic explants, sometimes, result in the differentiation of roots or shoots 
without an intermediary callus state.

Callus
(UndiiTerentiated 
and merisiciiiaiic 

cells)

Explanl (Mature, 
non-dividing and 

differentiated cells)

RedilTcrontlulionDediflcrentijlion Nc\V planilcis 
(dill'ercniialcd cells )
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Thus, from the above account it is clear that unlike animals (in which 
ditTerentiation is irreversible usually), the plants have such a quality that even highly 
mature and differentiated cells have an ability to revert back to meristematic state. The 
property of totipolency of plant cells indicates that even the undifferentiated cells of a 
callus carry the essential genetic information required for regeneration of the whole 
plant, it is also clear that all the genes responsible for dedifferentiation or 
redifferentiation are present within the individual cells and they become active for 
expression under adequate culture conditions. As totipotent ceils are the basis of whole 
plant tissue culture techniques, so, by the exploitation of this potential of plant cells, 
biotechnologists are trying to improve the crop plants and other commercially 
important plants.

Totipolency in different Plant Parts : As it has been discussed earlier the 
somatic cells in plant body are totipotent. It is to be noted here that only the living 

. plant cells have the ability to regenerate and the dead cells which lack cytoplasm and 
nucleus (iracheids, vessel elements, etc) are not totipotent at all.

Different plant parts have different totipotent ability. For example, in tobacco 
plant, the type of bud formed by in-vitro culture of the epidermis of different regions of 
the plant are different in their form.

Another example to add here may be given about the totipolency of crown-gall 
cells which have the capacity to grow as an unorganised mass of cells under normal 
conditions, however whole plants can be recovered from them in culture.

Thus, it is clear that totipolency is not similar in all plant parts.
Applications of totipotency : Cellular totipolency of plants cells has proved to be 

a boon to mankind as it is the basis of plant tissue culture. The plant tissue culture 
exploits this unique property of plant-cells to attain commercial benefits. Various 
applications of cellular totipotency are :

fofinaDon of 
__..shoot - buds
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(i) It lias potential applications in the crop plant improvement.
(ii) Micropropagation of commercially important plants.
(iii) Production of artificial or synthetic seeds.
(iv) It helps in conservation of germplasm (genetic resources).
(v) This ability is utilized for haploid production.
(vi) Applied in producing somatic hybrids and cybrids.
(vii) Helps in cultivation of those plants whose seeds are very minute and difficult 

to germinate.
(viii) Also helps to study the cytological and histological differentiation.
(ix) For high scale and efficient production of secondary metabolites.
(x) The genotypic modifications can also be possible.

Plan! Breeding. Biotechnology' and 
(icnelic Engineering

2.6. DIFFERENTIATION
While studying totipotency, it is stated that the dedifferemiation and 

redifferentiation processes result in the differentiated plant organs, finally producing a 
whole plant. In case of plants, the differentiation is reversible but in animals, it is 
irreversible. The term differentiation describes the development of different cell types 
as well as the development of organised structures like roots, shoots, buds,, from 
cultured cells or tissues.

Differentiation may also be defined in simple words as the developmental 
change of a cell, which leads to its performance of specialised functions. However, 
normally differentiation is described as the development of different physiological 
and morphological characteristics. For example, differentiation accounts for the 
origin of different types of cells, tissues and organs during the formation of a complete 
multicellular organism (or an organ) from a single-celled zygote. Actually, the 
development of an adult organism starting from a single cell occurs as a result of the 
combined functioning of cell division and cell differentiation. Various techniciues of 
tissue culture provide not only a scope of studying the factors governing totipotency of 
cells but also serves for the investigation of patterns and factors controlling the 
differentiation.

Types of Differentiation
As stated earlier also, the plant cells have a tendency to remain in a quiescent stage 

which may be reverted to the meristematic stage. This process is termed as 
dedifferentiation and as a result of this, a homogeneous undifferentiated mass of tissue , 
callus is formed. These callus cells then differentiate into different types of cells or an 
organ or an embryo.

On this basis, differentiation may be of the following types :
(a) Cytodifferentiation
(b) Organogenic differentiation

. .,(c) Embryogenic differentiation.
(a) Cytodifferentiation : The differentiation of the cells is an important event of 

the development of plants. The differentiation of different types of cells from the 
cultured cells is known as cytodifferentiation. When an undifferentiated callus 
redifferentiates into whole plant, it first undergoes cytodifferentiation.

Amongst different cytodifferentiations, the differentiation into vascular tissues has 
received maximum attention. However, it is important here to mention that the cells of 
mature xylem elements and phloem cells can not be redifferentiated or cannot be 
reverted back to the meristematic state due to lack of cytoplasm in them. Although, in 
initial stages of their development, they can be reverted to meristematic cells.

Xylogencsis is the differentiation of parenchymatous cells (of callus) into xylem- 
like cells of vascular plants.
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Phloem differentiation is the formation of phloem-cells from parenchyma in Basic Aspccis ori’lanl Tissue 
Culiviveciillure.

Factors affecting cytodifferentiation;
(i) I'liysical factors like light, temperature ar\d pH are effective at optimum levels.
(ii) Chemical factors.
— Low Nitrogen content increases vascularization 
— High ions stimulate the formation of tracheids and sieve tubes.
— Sucrose in high concentration results in pronounced xylem differentiation.
(iii) Hormones : Some hormones play important role in cytodifferentiation. These

are;
(a) Auxin plays major role in vascularization..
(b) Cytokinin promotes cytodifferentiation.
(c) Gibberellins along with auxins promote it.
(d) Abscisic acid inhibits it usually.
(b) Organ Differentiation : It is synonymous to organogenesis or organogenic 

dilTcrcntiation. It refers to the development or regeneration of a complete organised 
slruclurc (or whole plant) from the cultured ceils/tissues (Fig. 4).
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Fig. 4. Organogenic Differentiation.
Organogenesis literally means the birth of oi^an or the formation of organ. It 

may occur either by shoot bud differentiation or by the formation of root. 
Organogenesis commences with the stimulus produced by the components of culture 
medium, the substances initially present in the original explant and also by the 
compounds produced during culturing.

Among different organs, which can be induced|in plant tissue culture are included 
the roots, shoots, flower buds and leaves. Regeneration into flower buds and leaves 
occurs in a very' low frequency. However, the roots and shoot bud regeneration is quite 
frequent. Out of all tliese types of organogenic differentiation, only the shoot bud
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differentiation can give rise to complete plantlets therefore, it is of great iinporlance in 
tissue culture practices. The initiation of roots is termed as rhizogenesis while the 
initiation of shoots is called caulogenesis and these two phenomena are affected by 
alteration in the auxin ; cytokinin ratio in the nutrient medium, A group of meristematic 
cells called meristemoids is the site of organogenesis in callus. Such meristemoids are 
capable of producing either a root or a shoot

Organogenesis may occur either through callus formation or through (he direct 
formation of adventitious organs (like adventitious shoot). Later mode of 
organogenesis does not involve the intervening callus pJiase.

Shoot bud differentiation was first of a!) demonstrated by White (1939). ifirther. 
in 1944, Skoog indicated that organogenesis could be chemically controlled. Shoot bnd 
differentiation refers to the formation of shoot buds from the cultured cells by 
providing appropriate culture conditions and nutrient medium. The chemical and 
physical factors required for shoot bud differentiation vary for explants from different 
plant species.

Factors affecting organogenesis :
(i) ■ Auxin : Cytokinin ratio in medium is an impoilanl factor affecting root/shoot

bud differentiation in most plants. j
(ii) Usually Gibberellic acid inhibits organogenesis,
(iii) Physiological state and size of cxplant play important role in organ 

differentiation.
(iv) Genotype of the donor plant plays a crucial role.
(v) Physical factors like light, temperature, moisture, etc,, play efl'eclive role in 

organogenesis.
(c) Embryogenic DilTerentiation : The embryos formed from the somatic cells of 

plant in culture under in-vitro conditions are called somatic embryos. When the somatic 
cells of plant organs result into the regeneration into embryos, then the process is called 
as somatic embryogenesis or embryogenic differentiation or embryogenesis (I ig.
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Sonialic embryos are also referred to as embryoids, and they can be obtained 
either indirectly (with formation of callus) or directly from the explant without 
intcr\'ening callus formation. However, direct embryogenesis is not a normal process 
because the medium requirement for this is complex.

Somatic embryogenesis under in-viiro conditions was first of all observed by 
Steward el. al (1958) in carrot {Daucus carold). Thereafter, somatic embryoids have 
been induced in many plants namely Citrvs, Coffea, Zea mays. To obtain embryoids, 
there is a requirement of two nutrient media, first for initiation and the other medium 
for proper development of the embryoid. The development of somatic embryo passes 
through the stages like globular, heart-shaped, torpedo-shaped and finally giving rise to 
the cotyledonary stage of somatic embryo. A somatic embryo does not have any 
vascular connection with the explaut or callus therefore it can be separated easily.

Somatic embryogenesis is not used very frequently for propagation of plants 
because, the technique is usually difficult and also, there is a high risk of occurrence of 
mutations. Another major drawback of somatic embryogenesis is that there are greater 
chances of loss of regenerative capacity on repeated subculturing.

Factors affecting Embryogenesis :
(a) Physiological condition and type of explant.
(b) Genotype of donor plant.
(c) Growth regulators :

— Auxin is essential for embryo initiation 
—- Cytokiniii promotes embryogenesis 
— Gibberellins inhibit cmbryogenic differentiation 
— Abscisic, Acid (ABA) suppresses it.

(d) Nitrogen and Oxygen concentration
(c) Physical faclors like temperature and light.

Aspects.orPlaiil Tissue 
Cukurc

■ T

2.7. METHODS OF PLANT TISSUE CULTURE
There are different methods of culturing plant material. These methods differ on 

the basis of explants used and their resultant products. Some of the most popular and 
advantageous methods in plant tissue culture are discussed below :

1. Cell Culture : Cell culture is actually, the process of producing clones of a 
single cell. The clones of cell are the cells which have been derived from the single cell 
through mitosis and arc identical to each other as well as to parental cell. First attempts 
for cell culture were made by Haberlandl in 1902. However, he failed to culture single 
cell but his attempts stimulated other workers to achieve success in this direction. The 
method of cell culture is meritorious over other methods of culturing because it .serves 
as the best way to analyse and understand the cell metabolism and effects of different 
chemical substances on the cellular responses. Single cell culturing is of immense help 
in crop improvement programmes through the extension of genetic engineering 
techniques in higher plants.

The method of cell culture is done by following three main steps :
(a) Isolation of single cell from the intact plant by using some enzymatic or 

mechanical methods.
(b) In-vilro culturing of the single cell utilizing microchamber technique, or 

microdrop method orUergmann cell plating technique (Fig. 6).
(c) 'I'esting of cell viability done with the phase contrast microscopy or certain 

special dyes.
It is important to note here that the cell cultures require a suitably enriched nutrient 

medium and it should be done in dark because light may deteriorate the cell culture.
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Large scale culturing of plant cells under in-vitro conditions provides a suitable method 
for production of large varieties of commercially important phylochemicals.
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Fig. 6. Steps in Bergmunn cell planting ieclini(|ue.

2. Suspension Culture : A culture which consists of ceils or cell aggregates 
initiated by placing callus tissues in an agitated liquid medium is called a 
suspension culture. The continuous agitation of the liquid medium during a 
suspension culture is done by using a suitable device called shaker, most common 
being the platform/orbital shaker. Agitation with shaker is important because it 
breaks the celt aggregates into single cel! or smaller groups of cells and it helps in 
maintaining the uniform distribution of single cell and groups of cells in the liquid 
medium. A good suspension is the one which has high proportion of single cells than 
the groups of cells. Changes in the nutritional composition of medium may also serve 
as a useful technique for breakage of larger cell clumps (Fig. 7).
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The genera! technique of suspension culture involves basically two types of 
cultures ; batch culture and continuous cultures. A batch culture is a suspension
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culture in which cells grow in a finite volume of the culture medium and as a result, 
medium gradually depletes. On the other hand, a continuous suspension culture is the 
one which is continuously supplied with nutrients by the inflow of fresh medium but 
the culture volume is normally constant.

3. Root Culture : Pioneering attempts for root culture were made by Robbins and 
Kotte during 1920s- Later on, many workers tried for achieving successful root 
cultures. In 1934, it was White who successfully cultured the continuously growing 
tomato root tips. Subsequently, 'root culturing of a number of plant species of 
angiosperms as well'as gymnosperms has been done successfully. Root cultures are 
usually not helpful for giving rise to complete plants but they have importance of their 
own. They'provide beneficial information regarding the nutritional needs, physiological 
activities, nodulation, infection by different p^hogenic bacteria or other microbes, etc.

4. Shoot Culture : Shoot culture has great applicability in the fields of 
horticulture^ agriculture and forestry. The practical application of this method was 
proposed by Morel at\d Martin (1952) after they successfully recovered the complete 
Dahalia plant from shoot-tips culture. Later on, Morel realized that the technique of 
shoot culturing can prove to be a potent method for rapid propagation of plants {i.e., 
Micropropagation). In this technique, the shoot apical meristem is cultured on a 
suitable nutrient medium. This is also referred to as Meristem Culture (Fig. 8).
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Fig. S. Rcgeneriiiion of plants through Meristem Culture.
The apical meristem of a shoot is the portion which lies beyond the youngest leaf 

primordiuin. Meristem tip culture is also beneficial for recovery of pathogen-free 
specially virus-free plants through the tissue culture techniques. 'Various stages in this 
culture process are the initiation of culture, shoot multiplication, rooting of shoots and 
finally the transfer of plantlets to the pots or fields.

5. Protoplast Culture : A protoplast is described as a plasma membrane 
bound vesicle which consists of a naked cell formed as a result of removal of cell 
wall. The cell wall can be removed by mechanical or enzymatic methods. In-viiro 
culturing of protoplasts has immense applications in the field of plant biotechnology, ll
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not only serves for genetic manipulation in plants but also for biocliemical and 
metabolic studies in plants. For protoplast culture, firstly the protoplasts are isolated 
frojn the plants utilizing some chemical or enzymatic procedure. At present, there are 
available a number of enzymes which have enabled the isolation of protoplasts from 
almost every plant tissue. After isolation of protoplasts, they are purified and (hen 
tested for their viability. Finally the purified viable protoplasts are cultured in-viiro 
using suitable nutrient medium which is usually either a liquid medium or a semisolid 
agar medium.

6. Haploid Production : Haploid plants are those which contain half the number 
of chromosomes (denoted by n). Haploids can be exploited for benefit in the studies 
related to experimental embryogenesis. cytogenetics and plant breeding. Haploids liavc 
great significance in field of plant breeding and genetics. They are most useful as the 
source of homozygous lines. In addition, the in-vitro production of haploids also aids 
for induction of genetic variabilities, disease resistance, salt tolerance, insect resistance, 
etc. Presently, attention is being focussed on improving the frequency of haploid 
production in their advantageous utilization for economic plant improvement- There arc 
two approaches for in-vUro haploid production. These are :

(a) Androgenesis ; The technique of production of haploids through anther or 
microspore culture is termed as androgenesis. It is a method par excellence for the 
large scale production of haploids through tissue culture. Androgenesis technique for 
haploid production is based on the in-vitro culture of male gamciophvlc i.e.. 
microspore of a plant resulting into the production of complete plant from it. It is 
achieved either by anther culture or by microspore (pollen) culture.

The technique of anther culture is quicker for practical purposes and is art efficient 
method for haploid production. But sometimes during anther culture, the planllets may 
originate from different other parts of anther also (along with the pollens). On the other 
hand, microspore culture is free from any uncontrolled effects of the anther wall or 
other tissues. Microspore culture is ideal method for studying the mutagenic and 
transformation patterns (Fig. 9).
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(b) Gynogtncsis : It is an alternate source of in-vitro haploid production. It refers 
to the production of haploid plant from ovary culture or ovule culture. The method of 
gynogcncsis for haploid production has been successful, so far, in a very few plants 
only, hence it is not a very popular method for in-vitro production of haploids. Thus, 
androgenesis is preferred over gynogenesis.

7. Embryo Culture : The technique of embryo culture involves the isolation and 
growth of an embryo under in-vitro conditions to obtain a complete viable plant. First 
success for embry'o culture was made by Hannig in 1904 when he isolated and cultured 
embryos of two crucifers vAamely Cochleria and Raphanvs. Embryo culture is used 
widely in the fields of agriculture, horticulture and forestry for production of hybrid 
plants. This technique allows the detailed study about the nutritional requirements of 
embryos during different developmental stages. Also, it helps in identifying the 
regeneration potential of embryos. Embryo culture is advantageous for in-vitro 
micropropagatioii of plants, overcoming seed dormancy and for production of 
beneficial haploid plants.

8. Endosperm Culture'(Triploid Production) : Endosperm tissue is triploid 
therefore the plantlets originating by the culture of endosperm are also triploid. In 
majority of fbwering plant families (exceptions being Orchidaceae, Podostemaceae. 
Trapaceae which lack endosperm) the endosperm tissues are present. Endosperm is 
formed after the, double fertilisation of one male nucleus with two polar nuclei. 
Immature endosperm has more potential of growth in culture especially among the 
cereals. Endosperm culture has provided a novel strategy for plant breeding and 
horticulture for the production of triploid plantlets. It is an easy method for production 
of a large nuinber of triploids in one step. Moreover, it is much more convenient that 
the conventional techniques like chromosome doubling by crossing tetraploids with 
diploids for triploid induction. Full triploid plants of endosperm origin have been 
produced in a number of plant species like Popnlus, Oryza sativa. Emblica officinulis, 
Pyrns mains, Prunus, etc.

The triploid plants are usually seedless therefore this technique is most beneficial 
for increasing the commercial value of fruits like apple, mango, grapes, watermelon, 
etc. In addition to all the above described applications, endosperm culture is helpful for 
studying biosynthesis and metabolism of certain natural products also.

Basic Aspects ol'l'lani Tissue 
Culiuie

2.8. APPLICATIONS OF PLANT TISSUE CULTURE
1. Ger'mplasm conservation mainly in the form of cryopreservation of somatic 

embryos or shoot apices,
2. Large scale production of useful compounds and secondary metabolites by 

using genetically engineered plant tissue cultures.
3. Technique of micropropagation for-enhancing the rate of multiplication of 

economically important plants.
4. Eradication of systemic diseases in plants and raising disease free plants.
5. Somaclonal variations are useful sources of introduction of valuable genetic 

variations in plants.
6. Helps plants in imparting resistance to antibiotics, drought, salinity, diseases,

etc.
Somatic hybrids and cybrids overcome species barriers and sexual 
incompatibility and produce hybrid plants with desired combination of traits.

8. Embryo culture helps in overcoming seed sterility and dormancy.
9. Haploid production in culture helps to solve various problems of genetic 

studies and thus aids the plant breeders in producing new varieties.

• in, ..

7.
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10. Production of synthetic seeds via somatic embryo differentiation for 
commercially important plants helps to achieve increased agricultural 
production.

11. Large scale production of biomass energy.
12. Plant tissue culture aids in producing the genetically transformed plants.
13. Early flowering can be induced by in-vitro culturing of plants so as to attain 

commercial benelTts.
14. Triploids as well as polyploid plants can also be produced by tissue culture 

techniques for use in plant breeding, horticulture and forestry.
15. Seedless fruits and vegetables can be produced by following the endosperm 

culture method which adds to their commercial values.
16. Increased Nitrogen fixation ability can be achieved through association of 

tissue culture techniques with genetic engineering.
17. Callus cultures are useful in plant pathology as they act as an effective tool in 

the study of mechanism of disease resistance and susceptibility.
18. Different tissue culture techniques help us to study various biosynthetic 

processes, physiological changes and cytogenetic changes.

Plain Breeding. Biolechnology and 
Gene/ic Engineering

2.9. MORPHOGENESIS
Literal meaning of the term morphogenesis is origin of form. It includes all the 

activities which are involved in the formation of a complete individual starting from the 
cells/tissues in culture. Various internal as well as external factors affect llie 
morphogenic potential of the cells. The study of such factors and their effect on the 
regeneration of cells constitutes morphogenesis. The appearance of the plants may be 
altered by the changes in growth environment. The causal factors of such changes may 
be studied properly by morphogenesis.

Morphogensis may also be termed as developmental morphology and it may be 
defined as ‘’the branch of biology that deals with the causes and activities during 
the organization of a complete individual plant.” Another definition of 
morphogenesis can be given as the study of various factors which affect the organic 
form and describe the growth patterns of the individual.

All those anatomical and physiological events which are involved in the growth 
and development of an organism, are included in the morphogenetic studies. 
Differences in the morphogenetic phenomena lead to the differences in the form of 
characteristic organs or structures. In simple words, morphogenesis may be described 
as the developmental pathway in differentiation as a result of which the 
recognizable tissues are formed. Cell culturing has blossomed into such a technology 
which is capable of solving a number of problems with an impact on morphogenesis of 
plants. This is so because, through the elegant system of plant cell/tissue culture, it is 
possible to have an effective control of exogenous' factors which affect the 
differentiation starting with the callus or a single cell or tissue.

Factors : There are many such factors which influence the morphogenic potential 
of cells by affecting important developmental activities, e.g.,

(i) Several experiments have shown that certain growth factors (like cylokinin) 
induce the somatic embryos in culture by changing the cell polarity.

(ii) Some chemical factors promote asymmetric division in the cultured cells thus 
resulting in difference in form,

(iii) Different concentrations of 2,4-D, auxins, alter the development of organ in 
culture by causing the altered ceil elongation or rate of cell division.

(iv) With the increase in culture duration, the organogenic differentiation shows 
decline. .
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All such examples show that different factors have different types of effect on 
different developmental activities. Such dynamic and causal aspects of organic forms 
arc studied in morphogenesis. A list of the factors having great importance in deciding 
the morphogenic pattern is given below :

(i) Physical factors like light, temperature, pH.
(ii) Chemical factors -like C/N ratio, oxygen content, carbohydrates (sugar) 

concentrations, etc.
(iii) Growth hormones like Auxin, Cytokinin, Gibberellins, ABA, etc.
(iv) Water
(v) Culture duration
(vi) Mechanical strains, pressure, bending, etc. may cause changes in plane of cell 

division, this may cause difference in morphogenic potential.
(vii) The regenerability of explant may be affected by factors like the organ from 

which it is taken, the physiological state of the explant, its size, etc.
(viii) Electrical stimulation.
(ix) Changes in gene expression in cells in culture.
(x) Genotype and status of nucleic acid in different cells.
(xi) Repeated subculture of a totipotent callus may also result in reduction or 

complete loss of morphogenetic potential.

Role of morphogenesis
As described above, morphogenesis includes all those events which occur during 

the growth and development of an organism. Thus, it is very important for providing a 
satisfactory explanation of various biological growth patterns. It also aims at studying 
and correlating different environmental factors with changes in the morphogenetic 
patterns and/or potential. Major contributions for morphogenetic studies in India have 
been provided by Department of Botany, University of Delhi. Numerous experiments 
on a wide variety of subjects were performed by the department to study the 
morphogenesis by utilizing tissue culture technique. De-novo organ initiation and 
formation under aseptic culture form a fascinating subject to study the effect of 
different factors on the morphogenetic patterns.

Different objectives of morphogenesis are summarised below :
(i) To study the biological growth patterns like polarity, symmetry, 

differentiation, etc.
(ii) To provide an explanation to all such growth patterns.
(iii) To relate morphogenesis with other major biological subsciences.
(iv) Advantageous utilization of tissue culture techniques to study morphogenetic 

patterns.
(v) Determining interacting influence of growth hormones in shoot or root 

regeneration.
(vi) To study the effects of repeated subculturing on the regeneration potential of 

a totipotent callus.
(vii) To analyse the growth regulation in differentiation of plant species by trial 

and error.
(viii) Study of effect of osmotic inhibition using high levels of sucrose during shoot 

formation.
(ix) Study of role of light and temperature in flowering.
(x) Exploring the correlation between nuclear state and potential for 

differentiation and regeneration.

Basic Aspects ol'Plam Tissue 
Cuhuic
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2.10. OTHER RELATED TERMSl‘l(iiU Breeding, liioiechnolog}’ and 
Genelic Engineering

Subculture or Secondary Cell Culture
The process of transfcring the cultured cells in a fresh nutrient medium is 

called as subcuUuring, and the cell cultures which are subcultured (i.e. inoculated in a 
separate medium) arc called as subculture or secondary cell cultures or secondary 
cell lines. It is important to subculture the organ and tissues to fresh medium to avoid 
the condition of nutrition depiction and drying of medi'."i;. It is possible to maintain the 
plant cell and tissue cultures for indefinitely long durations if they are regularly 
subcultiired in a serial manner (Fig. lO).

f') n
1. removal o( growlh medium 
2 dissociation of adhered ceil
3. dilution of cell suspenNon

with fresh medium

subculluring •-f;

primary
culture

secondary
culture

Fig. 10. Scheme urSubcuItoring.

Somacional Variation
Somaclonal variations may be defined as those variations which occur in the 

cultured cells/tissucs or plants regenerated from such cells in-vitro. Somaclonal 
variations are usually heritable for qualitative as well as qiianlitative characters of 
plants. Somaclonal variants have proved as an alternate tool to plant breeding for 
production of improved varieties of plants. Gene mutations and changes in the 
structure, number of chromosomes are the main causes of production of somaclonal 
variants. A number of new varieties of cereals, oil seeds, fruits, tomatoes, etc.' 
possessing disease resistance, better quality, better yield etc, have been generated 
through somaclonal variations. Some of those crop species are potato, tomato, oats, 
wheat, rice, maize, datura, carrot, soybean,

In simple words, the variability which is generated by the use of a tissue culture 
cycle is termed as somaclonal variation. Somaclone is a general term, which is used 
to describe those plants which have been derived from any type of somatic cel! culture.

Somatic Hybrids and Cybrids
Somatic hybridisation may be described as the production of hybrid cells by the 

fusion of protoplasts of somatic cells derived from two different plant spccies/varielies. 
It is immensely helpful for generating new and improved hybrid varieties of plants lhal 
may have characters of a completely different species. For example. ‘Foniufo’ is a 
somatic hybrid which is produced by the fusion of protoplast of somalic cells from 
potato and tomato which are totally different species.

A cybrid is a cytoplasmically hybrid cell which lias the cytoplasm of both fusing 
cells but nucleus of only one fusing cell. The process of production of a cybrid is called 
cybridisation. Steps involved in somatic hybridization/cybridization (Fig. II) arc 
given below ;
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Protoplast isolation from parent plant using any mechanical or enzymatic 
method.
fusion of isolated protoplasts derived from two different parents either by 
utilizing chemical fusogens (like NaNOj Polyethylene Glycol or high pH- 
high Ca^ treatment) or by the electrofusion method.
Selection of the hybrid cells is done after fusion process.
The selected somatic hybrids/cybrids are then verified for hybridity. This is 
done to check whether the hybrid is carrying the desired characteristics of 
both parents or not. . •
On successful verification and characterization, the somatic hybrids or 
cybrids are cultured for regenerating into the plantlets with desired characters.

Somatic hybridization overcomes the sexual incompatibility barriers and it enables 
to produce interspecific as well as intergenefic crosses in plants. It helps in imparting 
disease-resistance and improving the quality characters in plants, ft is an immensely 
beneficial tool for study of cytoplasmic genes and their expressions.

Micropropagation
Tissue culture helps in the rapid propagation of plants by the technique of 

micropropagation or clonal propagation in-viiro.
The asexually produced progeny of a cell or individual is called done and the 

clones have an identical genotype. Micropropagation is the technique of in-vitro 
production of the clones of plants i.e., it produces the progeny plants which have 
an identical genotype as their parents, by cell, tissue or organ culture (Fig. 12).

(a)

(b)

(c)
(d)

(e)
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It helps in the production of plants in large luimber starting from a single 
individual. It serves as an alternate method to conventional vegetative propagation 
methods. Micropropagation may be achieved by .shoot tips, axillary buds, adventitioii.s 
buds, bulbs or somatic embryos. A number of plant species are being cionally 
propagated in-vitro, specially the commercially valuable plants like orchids and forest 
trees. Some of the important plants that have been micropropagaied on large scale are :

Orchids like Cymbidium. Dendrobium, Aranda, fcmc/a, Odonloniu. Vunilla. etc.
Forest trees like Teclona grandis. Biota, Cedrus deodara, Eitcalyptii.s, Piceu. 

Pinus, etc.
The technique of micropropagation generally involves four stages. Fach of these 

stages has its own requirements. The stages in general technique of micropropagation 
are described below;

Stage I. Initiation. This stage also involves the preparatory proce.ss for achieving 
better establishment of aseptic cultures of explant. Suitable explant is selected from the 
mother plant. Then, the explant is sterilized and transferred to the nutrient medium for 
culture.

State II. Multiplication. This is the most important stage of micropropagalion. in 
this stage, there occurs the proliferation or multiplication of shoots (or embryoids) from 
the explant on medium. It occurs either by the formation of an intermediary callus or by 
induction of adventitious buds directly from the explant.

Stage III. Subculturing. The shoots are transferred to rooting medium 
(subcultured) to form roots, As a result, complete plantlets are obtained.

Stage IV. Transplantation. In this stage, the regenerated plantlets are transferred 
out of culture. These are grown in pots followed by field trials.

Advantages of Micropropagation
1. Rapid multiplication of disease free plants.
2. Rapid multiplication of commercially important plants.
3. Maintenance of genetic uniformity.
4. Technique does not depend on seasons and is capable of producing plants all 

round the year.
5. Technique is valuable in cases where only limited explant is available.
Limitations of Micropropagation
1. The technique is costly.
2. It requires proper skill.
3. Many tree crops, includirrg gymnosperms, can not be multiplied by clonal 

propagation.
4. Clonal propagation in some cases may lead to the formation of off-types 

rather than clones, after many generations.
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5. If culture is contaminated, then the pathogen gets multiplied to very high 
levels and becomes difficult to handle.

Basic Aspects of Plain 'I'issue 
Culture

Artificial Seed
'I'hese are also called as synthetic seeds. These are living seed like structures 

which are capable of giving rise to plants when sown in the field. An artificial seed is 
made of a somatic embryo (S.E.) encapsulated with a protective layer of a gel which 
protects it from desiccation or microbial attack (Fig. 13).

*•9

Isolated
S.E. artificial-

seedscovering in 
protective gel

Pig; 13. Outline of preparation of synthetic seeds.

Cryopreservation
It means preservation at ultra low temperature. This technique is used mainly 

for long term storage of germplasm and thus helps in conservation of nature also. Plant 
tissues and organs are cryopreserved usually in liquid Nitrogen which has a 
temperature of- 196°C. Cryopreservation technique has proved to be one of the most 
reliable methods for long term storage and preservation of plant germplasm in the form 
of pollens, shoot-tips, embryos, callus, protoplasts, Although, this is a very 
advantageous technique but it suffers from a major difficulty of formation of ice- 
crystals during freezing and/or thawing. These ice-crystals may cause damage to the 
preserved material. To prevent the formation of ice-crystals during cryopreservation, 
some special chemicals are used which are called cryoprotectants. A few common 
cryoprotcctants are glycol, sucrose, proline, Dimethyl Sulfoxide (DMSO), 
Polyethyieneglycol (PEG), etc.

1

2.11. SUMMARY
Plant tissue culture is the process of in-vitro culture of explants in nutrient medium 

under aseptic condition, G. Haberlandt (1902) cultured fully differentiated plant cells 
isolated from different plants. Basically plant tissue culture requires laboratory, culture 
media and aseptic conditions.

Some important culture media are MS medium, LS medium, white medium etc. 
Important constituents of culture medium are vitamins, amino acid, inorganic nutrients, 
growth hormones, gelling agents and organic extracts etc. Aseptic conditions mean the 
conditions free from any type of microorganisms. An explant is cultured on a nutrient 
medium in laboratory under aseptic conditions and a whole plant is obtained. It is due 
to the potential of plant cell that it grows and develops into a whole new multicelular 
plant, it is called cellular totipotency, a term first coined by Morgan (1901). Due to 
lolipoicncy non dividing cells undergo changes and become meristematic. It is called 
differentiation, , These differentiated cells from a whole plant or organ. This 
phenomenon is called as redifferentiation. Cell culture, suspension culture, root culture, 
shoot culture, prodplast culture, embryo culture and endosperm culture are different 
methods of culturing plant material, These methods differ on the basis of explants used 
and their resultant products. Plant tissue culture is useful in germplasm consetn'ation, 
large scale production of useful compounds, micropropagation, eradication of 
systematic diseases, somaconal variations, embryo culture etc. It is also useful in
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production of haploid, synthetic seeds, biomass energy, triploids, and genetically 
transformed plants. It also helps us to study various biosynthetic processes, 
physiological changes and cytogenlic changes.

Plani Breeding. Biotechnology and 
Gi'iwlic Engineering

2.12. STUDENT ACTIVITY
I. What is differentiation ? What is its role is plant tissue culture,

2. What do you understand by morphogenesics ?

2.13. TEST YOURSELF
!. Which is the common gelling agent of culture media ?
2. Who is known as the father of plant tissue culture ?
3. Name one cell-type in plants, which are not capable of expressing totipolency.
4. What term is used for the phenomenon of changing a mature differentiated call into 

merislematic stale ?
5. Why is laminar air flow chamber used in the tissue culture lab ?

94 Self- Inrlnicltonal .Material



ANSWERS 
2. GoKliitb Ilflberlandt

Hasic Aspects of Plum Tissue 
Cohurc1. Agar-Agar 

3. Xylem vessel elements 
5. For maintaining aseptic conditions.

4. DifTcrentiation

□□□
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UNIT-11Plani Breeding. Hioiechnology and 
Ceneiic Engineering

3
BIOLOGY OF AGROBACTERIUM, 

VECTORS FOR GENE DELIVERY AND
MARKER GENES

STRUCTURE
Introduction
Types of gene delivery system 
Biology oi Agrobacterium
Vectors for gene delivery based on Ti and Ri-plasmids 
Producing transformed plants using Agrobacterium 
Marker genes
Salient achievements in crop biotechnology
Summary
Students Activity
Test Yourself
Answers

LEARNING OBJECTIVES
After reading this chapter you will be able to know types of gene deliveiy system- 

biology of Agrobacterium, producing transformed piants/using Agrobacterium. marker 
genes and salient achievements in crop biotechnology by using genetic transformation 
techniques.

3.0. INTRODUCTION
The delivery and expression of foreign genes into the plant cells is one ol'the most 

recent and potential areas of plant biotechnology. It involves the approach of transfer of 
specific genes in plants through various transformation techniques, thus resulting in the 
production of GMPs (Genetically Modified Plants).

In case of plants, meristem cells, protoplast, pollen or zygotes are used for gene 1 
transfer followed by regeneration leading to the formation of transgenic plants.

The gene delivery or gene transfer technology in plants involves the following
steps ;

(i) Selection of target cell, desired gene and suitable vector.
(ii) Insertion of desired gene into the vector.
(iii) Transfer of this vector (containing desired gene) into the target cell.
Tlie target cell which is now a transformed cell is regenerated and the expression 

of transferred genes is observed. During the process of delivery of gene, the activity 
and the efficiency of restriction enzymes and ligation enzymes is the most important 
factor.

3.1. TYPES OF GENE DELIVERY SYSTEMS
Three main types of gene delivery systems have been in use with varying degrees 

of success with higher plants. These are ;
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(a) Agrobacterium Mediated Gene Transfer (AMGT) System : The bacterium 
Agrobaclerium is known as the Nature’s smallest Genetic Engineer. It is a 
pathogenic, gram-negative, soil bacterium. Agrobacterium tumefaciens causes Crown- 
Gal! disease in dicotyledonous plants and contains Ti-piasmid i.e., tumour inducing 
plasmid. A. rhizogenes causes Hairy-Root disease and contains Ri-plasmid i.e., root 
inducing plasmid. The vectors based on Ti-plasmid and Ri-plasmid are used in this type 
of Gene Transfer system.

(b) Gene Transfer Utilizing Plant viruses as Vectors : Plant viruses may also be 
used as the vectors for production of transgenic plants. But there is a problem that most 
plant viruses have RNA (and not DNA) as their genetic material. RNA-plant viru-ses 
need more complex manipulations while used as vectors. Successful experiments have 
been carried out with DNA-plant virus like caulimovirus and geminivirus.

Cauliflower Mosaic Virus (CaMV) is most utilized member of caulimovirus 
group. Maize streak virus (MSV) is an important member of gemini virus group being 
used successfully in gene transfer experiments. Apart from these DNA-virus, some 
RNA-plant viruses are also employed like Tobacco Mosaic Virus (TMV).

(c) Direct Gene Transfer System : It may also be called as DNA mediated Gene 
Transfer (DMGT) or vectorless gene transfer system. This system does not involve 
the use of any biological agent like Agrobacterium. The DNA is introduced directly 
into the plant cell by using certain chemical or physical treatments. Main methods for 
direct gene transfer are given below :

(i) Electroporation : Short electric pulses of high voltage are given to the target 
cells which results in the formation of temporary small pores in the cel! membrane, 
these pores allow the intake of DNA into the protoplast of cells. (Fig. 1).

tilgh-vo'tage 
electric Dulses

Biology otAgrobucierium. Vectors 
for Gene Delivery and Marker 

Genes

A. short electric pulses 
are given to target 
ceft protoplast.

protoplast 
(target ceil)'

B. temporary pores occur
in cell membrane.V/// II II /K C. foreign ONA enters 
through pore.

/\s ___

D. foreign DNA is 
delivered into 
target- cell

Fig. 1. Steps ill Elevlroporaiiun of direct gene transfer,
(ii) Chemical Methods : Some chemical helpers are also employed for 

stimulating direct gene delivery. PEG (Poly Ethylene Glycol) is one such chemical 
stimulant. PEG precipitates the DNA on outer surface of plasma membrane of target 
cells and this precipitate is then taken in by endocytosis thus resulting in the entry of
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DNA into the ceil. Calcium phosphate is another example of chemical helper for direct 
gene transfer.

(Hi) Microinjection : It is the introduction of new DNA into the target cell by 
injecting it directly into the nucleus or the protoplast. The target cells are immobilised 
on a solid surface and the micromanipulator is used for microinjecting the DNA into 
the cell (Fig. 2).

Plant Breeding, Biotechnology and 
Genetic Engineering

Nucleus

^ DNA solution

Fig. 2, Microinjcction.

(iv) Particle-Gun Method : It is also called microprojuctiles or. biolistic 
method of ballistic method. It involves the bombardment with high velocity 
microprojectiles onto the target cells. The microprojectiles used are 1-3 mm diameter 
particles of gold or tungsten coated with the DNA to be transferred (Fig. 3).

Firing pin

Blank charge

Nylon microprojectile

Microprojectiles

Vents,—

Plate to slop 
nylon projectile

Plate containing 
target cells or tissue

Fig. 3. for (iioii'

History of AMGT
Agrobacieriuni mediated gene transfer (AM(.;'l) system ua.s hi>lorie.ill> ilie llrst 

successful transformation system in plants. 'I he development o[ Agrohncii-riimi Itased 
vectors was a major breakthrough in the Held of genetic engineering. 11 was cli.seiw ered 
that the plasmids carried by bacterial plant pathogens ;.c'.. AgrolHuicriiiiii result into 
natural gene transfer. Subsequently, it has been considered and treated as most el Tcetive 
natural genetic engineer. During the cour.se of history a number of w orkers, on the basis 
of their observations, realized the potential of this bacleriimi for gene iransfei s. Some 
of those worth mentioning observations were made by Braun, Morel, Chilton, 
Barton, etc. It was Braun (1947) who first suggested that probably, Agrobacieriuni
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induces a tumour-inducing principle into the plant cell genome on infection. Later on, 
Chilton (1977) presented that the tumorous crown galls were produced due to the 
introduction and integration of few bacterial genes into the plant genome. Finally, 
utilizing all such information about the importance of Agrohacteriuin in gene transfers, 
a number of vectors based on it were gradually developed. Since then, this bacterium is 
being utilized successfully for production of genetically modified plants.

Classification of Agrobacteria : The bacterial members of genus 
are very beneficial and well established medium for gene transformations in plants. 
They are gram-negative rod-shaped bacteria. They are usually found in soil at the 
junction of stem and root of the plants. Genus Agrobacierium belongs to the bacterial 
family khizobiaceae. Earlier it was classified on the basis of their pathogenicity as 
foilow's :

Bioloay v\'A^robacieriuni. Vcclors 
for Gene Dcliven' and Markci 

Genes

Agrohacleriiini

\1
A. rliizofieiies 
(causes llair\'
Rdoi Disease)

In it,s recent classification. Agrobacieriuni has been classified into different groups 
termed as biotypes which are three in number. This recent classification is made on the 
basis of growth patterns of the bacteria. Bacterial strains of Biotype-1 and Biotype-2 
are used lor gene transfer systems. Important baeterial strains belonging to Biotype 1 
and 2 are A. tinnefaciens and A. rhizogenes respectively.

:l. radiobacler 
(Ni'ii-ciruicnl 

sirain)

A lumqtiicii'iii 
(c.iiiscs L'nuvn 
(ia!l Discii.ic)

3.2. BIOLOGY OF AGROBACTERIUM
Agrohiicteriiim is a soil bacterium and is popularly called as the Natural Genetic 

Engineer. It is known that plasmids do not occur naturally in plants. Thus for plant cell 
transformation, the buclcrial plasmids arc of great importance, and most of them are 
based oii the Ti-plasmid of Agrnhacleriiini inuiefciciens. Some of them are also derived 
from Ri-plasmid of/1, rhizogenes.

A. nnnefaciens is a pathogenic, gram-negative soil bacterium. It invades the plant 
through a wound and infects many dicotyledonous plant species and causes the crown 
gall disease (Fig. 4). Its ability to cause this disease lies in the Ti-plasmid present 
within the bacterial cell. Another related species is A. rhizogenes. It causes the hairy 
root disease and contains the Ri-plasmid (Root inducing plasmid).

After infection of plant cell w'iih Agrobacierium, a part of Ti-plasmid (or Ri- 
plasmid) i,s integrated into the plant chromosomal DMA. This property has led lo the 
atlciilion for using Agrobcicleriiini in genetic transformation techniques.

Ti-plasmid : Ti-plasmid may also be denoted as ^Ti. Tumour-inducing plasmid 
/.e..//Ti is responsible for crown-gall disease. It is a large (~ 200 kb) plasmid present 
within the A. lumefaciens cell. It carries numerous genes involved in the infective 
process. 'Non-virulent cells of A. tumefuciens lack this pTi.

When A. lumefaciens infects the plant through any wound, a part of Ti-plasmid 
gets transferred into the plant genome. This transferred part of pTx is called T-DNA 
transferred-DNA. This T-1)NA i.e.. contains few genes which are expressed in the 
plant ceils and produce the cancerous properties in the infected cells. Some of its genes 
also direct the production of unirsual chemical compounds called opines which act as 
nutrition for Agrobaclerhnn cells. Important flmciiona! regions of Ti-plasmid are :

(i) T-DNA : It is responsible for tumour induction, contains oncogenes and 
genes for opine synthesis and it is transferred into the plant genome.

(ii) Virulcnce-rcgion or wV-region : It is responsible for virulence as it regulates 
the transfer of T-DNA into the host plant cell.
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(iii) frn-region : It is responsible for the conjugative transfer of plasmid.
(iv) Opine-catabolism region : It regulates the production of enzymes required 

hy Agrobacterium for utilization of opines.
(v) Ori-sitc : It is the origin of replication.

Ptani Breeding, Biotechnology and 
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Fig. 4. Grown Gitll Disease on infeclion by A. tumefactens.

T-DNA
The T-DNA (transferred-DNA) is a part of Ti-plasmid (or of Ri-plasmid), which 

gets transferred into the plant nuclear genome on infection by Agrohacterium. It is a 
DNA segment of size ~ 23Kb having perfect direct repeat sequences on left and right 
borders. These direct repeat border sequences are 24 bp long and are called Left Border 
and Right Border. They play essential role in T-DNA transfer.

T-DNA carries two main regions : the oncogenic region that contains the genes 
responsible for induction of tumour and the opine synthesis region responsible for the 
synthesis of unusual amino acid or sugar derivatives which are collectively called 
opines.

On T-DNA several gene loci are located which control the occurrence and 
morphology of tumour (Fig. 5). Two main regions of T-DNA are :

(i) Oncogenic Region : It is denoted by one—region. This region mainly consists 
of three categories of genes :

• (a) tmr : It induces tumour having large number of roots. It is also designated as 
rooty locus. It is responsible for cytokinin synthesis.

(b) tms : This category has two genes which produce tumour with shoots and this 
represents shooty locus. These two genes are tmsl and tms2 and they encode 
for auxin synthesis.

(c) tml: This gene causes large sized tumours, however its actual function is not 
known so far.
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- 20U Kt

T-ONA(- 23 ktj)
Fig. S. A gciicriil organisation of a Ti-plasmid showing dintreni functional regions, 

(a) T-DNA with LB (left border), one (oncogenic region), os (opine synthesis region), 
RB (Right Border), (b) vir-Virulencc region, (c) tra-conjugative transfer region, 

(d) oc-opine catabolism region, (c) ori~origin of replication.
(ii) Opine Synthesis Region : It is denoted by os-region. This region consists of 

the genes involved in the biosynthesis of opines. These genes are arranged towards the 
right border in T-DMA (Fig. 6).
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Kig. 6. Organisation of a T-DiVA from an octopine-t)pe Ti-piasmid depicting difftrent genes present in its two 
regions. (Arrows indicate the direction of transcription)

(24 bp Direct Repeat)

Transfer of T-DNA into Plant Cell
The T-DNA is transferred from pTi info the plant genome by a definite process 

(Fig. 7). Firstly, nicking of T-DNA takes place at specific sites present on both border 
repeats. As a result of these nicks, a single strand of T-DNA is displaced. This 
displaced single strand forms a complex with a protein produced by the vir-region. This 
protein T-DNA complex then gets transported to the plant nucleus. The T-DNA is 
believed to enter the plant cell nucleus through nuclear pore complex.

During this whole process of transfer of T-DNA into plant genome, the proteins 
vir D play important role of recognition of T-DNA border sequence and nicking. The 
vir D operon encodes for the endonuclease enzyme, which produce nicks in the bottom 
strand of T-DNA at each border between the third and fourth nucleotide base. Firstly 
nicking occurs in Right Border (RB) and after this nicking, the vir D protein remains
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attatclicd to the 5' end of the single stranded (ss) T-DNA. Now this ss-T-DNA (bottom 
strand) is displaced and a new strand is synthesised in place of it. Finally another nick 
is made on left Border (LB) of T-DNA. generating a completely displaced ss-T-DNA 
having vir D protein attatched to its 5' end. This ss-T-DNA-vir D complex is then 
coated with vir E protein. As a consequence, the diameter of this whole complex 
reduces for ensuring its easier transfer into plant cell. Once this complex is in the plant 
cell, the proteins vir E and vir D mediate the uptake of ss T-DNA into nucleus. This ss 
T-DNA soon becomes double stranded (ds) after arriving the plant nucleus. Finally, 
this ds T-DNA gets integrated randomly into the plant genome through recombinaibn.
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Fig. 7. I'ransfer of T-DX'A to plittit cell.

Vir-region : Virulence-region or vir-region is closely linked to T-DNA in the Ti- 
plasmid. This region contains a few genes, whicli function for the transfer and 
integration of T-DNA in the plant genome. This region is essential for virulence, /.e., 
for production of tumour, therefore, it is known as virulence or vir-region. It is 
approximately 40 Kb long region organized usually into 8 operons (namely vir A. vir 
B, vir C, vir D, vir E, vir F, vir G, vir H) which together have.about 25 genes. The 
genes of vir-region do not get transferred themselves, but they only help for the transfer 
of T-DNA. vir A, B, D, and G are absolute requirements for virulence whereas other 
operons are required for accessory roles like tumour forniation.

•i"

3.3. VECTORS FOR GENE DELIVERY BASED ON Ti and Ri-PLASMIDS
The unique property of Ti-plasmid (or Ri-plasmid) of transferring their T-DNA 

into the plant genome allows us to use them for transporting new genes into plant cells. 
The only thing to be done for this is to insert the new genes into the T-DNA and after 
that all will be done by Agrnbcicierium itself

pTt or/jRi can not be used directly as vectors due to their large size and absence of 
unique restriction site. So, novel strategies are used for inserting new DNA into the 
plasmid (pTi oryjRi) to construct the plasmid vectors.

Such constructed Agrobacterium-basQd plasmid vectors may be of following
types;
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(i) Oncogenic vectors
(ii) Non-oncogenic vectors

(a) Co-integrative type vectors
(b) Binary Vectors.

(i) Oncogenic Vectors : These are the simplest vectors based on Ti/Ri plasmids. 
However, they have very limited use because, as the name suggests, they produce 
tumorous transformed tissues. Normal mature plants cannot be regenerated from such 
transformed tumour tissues. One of the most useful oncogenic vectors is pGV3851. 
Which is constructed by deletion of internal region of nopaline T-DNA and replacing it 
with pBR322 sequence.

(ii) Non-oncogenic Vectors : These are the most widely used vectors as they 
allow the regeneration of normal plants from the transformed cells. An essentia) step in 
designing such vectors is disarming of the plasmid.

A Ti/Ri plasmid from which the oncogenes of T-DNA have been removed (or 
replaced by other genes) so that it is no longer able to promote cancerous growth of 
plant cells, is called disarmed plasmid. The process of removal of oncogenes from 
Ti/Ri plasmid is called disarming. The non-oncogenic vectors may be of the 
coinlegrative type or binary type.

(a) Co-integrative type vector : It is a Ti-vector which is produced by the 
integration of an intermediate vector into the disarmed T-DNA. The co-integration 
event is mediated through a DNA segment common to the Ti-plasmid and the 
intermediate vector. This co-integration is achieved within Agrobacterium by 
homologous recombination. The intermediate vector used here is usually a modified 
plasmid from E. coli, containing the DNA segment to be transformed (Fig. 8),

recombination
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Fig, 8. Production of a Coinlegralc Vector.

In co-integrative vector strategy, the desired gene is inserted into a unique 
restriction site on the small E. coli plasmid (pBR). This pBR which is now acting as an
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intermediate vector is then introduced, by conjugation, into/I. tumefaciens cell, which 
already carries a Ti-plasniid. As pBR and pTi have some sequences common to both, 
so natural recombination occurs. As a result of this recombination, the new gene gets 
integrated between the T-DNA borders in Agrobaderium cell. On infection of plant 
cells with this co-integrated T-DNA. the plant cells get transformed (due to insertion ol' 
new gene).

^GV3850 is one of the first co-integrative vector which is generated by the 
nopaline type Ti-plasmid, pTiC58 which is disarmed by replacing its oncogenes by 
pBR322 sequences (a small E.coJi plasmid). Another co-integrative plasmid system 
developed is SEV system (split-end vector system).

(b) Binary Vectors : It represents a class of vectors which possesses the vir- 
region and disarmed T-DNA on separate Ti-plasmids (Fig. 9). That is, a binary vector 
possesses a pair of plasmids, of which one plasmid is called mini/raicro plasmid and 
the other is called a helper plasmid.

PUini Breeding, Bioicchnology and 
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+
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Binary vector system
Fig. 9. Strategy for coiisiruclioii of a Binary Vector.

A niiniplasmid contains the disarmed T-DNA sequence with the gene to be 
transferred. Helper plasmid is a Ti-plasmid which has functional v/>-region and lacks 
T-DNA. The T-DNA of miniplasmid is transferred into the plant cell genome by the 
proteins coded by the genes present iti helper plasmid.

This binary vector strategy is actually based on the observation that a f-DNA may 
also remain functional even if it is not attached to the rest of the Ti-plasmid. A binary 
vector can replicate both in E. coli and Agrobaderium. Binary vectors are usually 
represented by ‘Bin’ series, for example—pBin 19,

Binary vectors have been prepared not only with Ti-plasmids but also with Ri- 
plasmids from rliizogenes. Au example of such binary vector is pARS8 which has 
been used successfully for the production of transformed plants of tomato.

Main Differences of Co-integrative and Binary Vectors
1. Unlike co-integrative vectors, binary vectors do not require any homology 

with the resident Ti-plasmid.
2. Binary vectors have the capability to replicate autonomously in 

Agrobaderium while co-integrative vectors cannot do so.
3. Binary vectors usually do not allow the transfer of unnecessary sequences 

into the plant genome while it usually occurs with cointegrative vectors.

3.4. PRODUCING TRANSFORMED PLANTS US\hlG AGROBACTERIUM
(a) Oncogenic vector carrying the engineered />Ti is made to infect the wound in 

mature plant, the cells in the resulting crown gall will possess the foreign gene. These 
cells can then be excised and cultured in proper medium to regenerate transformed 
plants.
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(b) The disarmed Ti-plasmid having the foreign gene integrated into T-DNA is 
placed in Agrobacterium. The plant cells or tissues are then co-cultivated with these 
Agrobacterium cells for about 2 days. As a result, the plant cells or tissues get 
transformed. Such transformed ceiis are then transferred to suitable media to regenerate 
into the complete GMPs, This is called co-cultivation technique. Other transformation 
techniques using Agrobacterium are leaf-disc infection method and floral disc 
method.
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After the transformation of plant cells with Agrobacterium by using above- 
mentioned techniques, the plant cells (or explant) are transferred to a nutrient medium, 
which allows the Agrobacterium to grow, multiply and transfer t))eir T-DNA to the 
ceils of explant. These explants are then transferred to a bacteriostatic nutrient medium 
to kill the bacterial cells. The next step is the selection of transformed cells, which is 
achieved by using a selection medium containing appropriate selection agents like 
herbicides or antibiotics. The selection agent is decided according to the selectable 
marker gene employed for the transformation. As a result of selection, the non- 
transforincd cells do not survive. The transformed cells are then allowed for their 
regeneration into plantlets by supplying proper nutrient media. The plants so obtained 
arc the genetically modified or transgenic plants.

A schematic representation of whole procedure is given below :
Agrobacterium with T-DNA carrying foreign-DNA

Infection of explant cells with this Agrobacterium
i

Co-cultivation

Use of bacteriostatic medium to kill bacteria
i

Transformed and Non-Transformed cells
-i

Selective medium to kill norvtransformed cells

Transformed cells

Suitable Nutrient Medium for culturing

Plantlets

Mature Transgenic Plants

Limitations Of Using »gro/)acter/um-Based Vectors
It is difficult to obtain desirable results with Agrobacterium based vectors in case 

of monocotyledonous plants, because in nature, A. lumefaciem and A. rhizogencs do 
not infect monocots. This is quite disappointing because most of the important crops 
belong to the category of monocots like-wheat, rice, barley, maize, etc. However 
several advanced artificial techniques are being used in this direction to obtain better 
results.

3.5. MARKER GENES
A marker gene may be described as a gene whose expression can be efficiently 

monitored and can be easily detected. During transformation techniques, marker
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genes are available in the vectors, which are then transferred into the host cells also. In 
all types of transformation techniques, the isolation of transformed cells or tissues is a 
necessary step and marker genes provide an aid for this isolation.

Plant Hreeding. Bioleciwalogy and 
Genetic Engineering

,0*0-------- 0

A. plant cells Inoculated 
viith ensinered 
vtgrotMctarlum having 
apt gene.

B. some plant cells 
become Iransformed.

C. all cells transferred 
toiredlum having 
streptomycin'

D. only transformed 
plant cells survive 
In this medium as 
Itieyhave spigene

Fig. 10. (ise or selectable marker : spl gene.

Like other transformation techniques the'isolation is important in Agrahuclerium 
mediated transformation also. After the explants are inoculated with engineered 
Agrobacterium there is a need of selection of transformed cells or screening of 
transformed cells from the non-transformed ones. Marker genes facilitate this seleclion 
and screening of transformed cells and are termed as selectable markers and reporter 
genes respectively. So, marker genes are of the following two types ;

(a) Selectable Marker Genes : Some marker genes express certain features which 
allow the survival of only the transformed cells under a particular condition. Such 
marker genes are referred to as selectable markers.

Usually the selective conditions employed are toxic levels of a substrate like an 
antibiotic or a herbicide. The selectable markers used here are the genes conferring 
resistance against these antibiotics or herbicides. Also, for each marker gene there is 
one substrate.

General steps involved in the selection process by selectable marker genes are :
Q First of all. the selectable marker gene (which provides resistance to 

herbicide/antibiotic) is introduced into the vector.
□ This vector containing selectable marker is then introduced into the host cells 

which are now called transformed cells.
G Such transformed cells are cultured on the culture medium which contains 

toxic level of substrate used for selection (like herbicide or any antibiotic).
□ Those cells which are really transformed survive on the medium due to the 

presence of selectable marker genes while the non-transformed cells die due to 
toxic level of substrates.

Example : If the marker gene present in the vector is streptomycin resistant gene 
(spt), then, only the transformed cells survive in the medium having toxic levels of 
streptomycin (Fig. 10). The non-transformed cells would die due to the absence ofspl 
gene. In this case, spt is the selectable marker.

Some important selectable marker genes with their substrates are given in the 
Table 1 below:

Table 1
Selectable

marker
S. Expressed Enzyme Substrate for Selection l-'unctioii of 

SubstrateNo.
als1. Acetolactase synthase Chlorosull'uran imidazolinones Herbicide

bar Phosphinothricin Acetyl Tran.sfcrase2. Bialaphos HcrI'icicte
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3.

Antibiotic(ieniamycin Acetyl Transferase Gencamycin4. go/
AntibioticNeomycin Phospho Transferase Kanamycin3. npi I!
AntibioticNeomycin Phospho Transferase Neomycin6. npi a
AntibioticStreptomycin Phospho Transferase Streptomycin7. Sp!

(b) Reporter Genes : An alternate method for isolation of transformed cells is by 
using reporter genes. In this method, screening is done and not selection. It means, that 
in this method, the samples are taken directly from the lot of regenerated shoots. These 
samples are then checked for the expression of a marker gene. Here, this marker gene is 
termed as reporter gene. In simple words, fiiose marker genes, which produce specific 
phenotype and allow easy screening of the ‘cells having them’ from others ‘not having 
them’ arc termed as the reporter genes or screenabic genes or scorable marker 
genes.

A reporter gene is basically a test gene whose expression produces a phenotype . 
which is quantifiable. Reporter gene is very useful in deciding the success of a gene 
transfer system and also for testing the gene expressions in plants. A reporter gene 
system plays a valuable role in setting up the standards for parameters deciding the 
success of any gene transfer technique. An ideal reporter gene must possess certain 
common features like its detection siiould be highly sensitive, it should be delected by 
putting a minimal effort, it should be delected quantitatively and above all, it should not 
be expensive.

Example : gfp gene codes for a Green Fluorescent Protein. It expresses a unique 
property of emission of green light on exposure to UV-light. Thus the transformed ceils 
having this gene will emit green light in UV-rays while the non-transformed cells will 
not. Here this gfp gene is a reporter gene or a scorable marker gene facilitating the 
screening of transfomed cells from others. Thisg^ gene is isolated from a jellyfish.

Some other commonly used reporter genes are given below :
(a) lux gene : This gene expresses for enzyme luciferase which produces 

glow/luminiscence in dark. This gene naturally occurs in the glow worms and fire flies.
(b) npt II gene : It encodes for an enzyme Neomycin phosphotransferase. It can 

be used both as a selectable marker and as a reporter gene. For its detection, radioactive 
labelling with and then autoradiography is employed.

(c) gus gene : This gene encodes for an enzyme P-glucuronidase. It results into a 
coloured reaction inside the plant cell when treated with an appropriate substrate.

(d) cat gene ; It results into expression of enzyme Chloramphenicol Acetyl 
transferase. Its presence is identified in the sample by using the technique of 
autoradiography.

(c) lac Z gene : It encodes for enzyme P-galactosidase. For its detection, the 
transformed cells are cultured in a medium-containing A'-gal. Those cultures which 
produce colour, contain this gene and those, where no colour appears show the absence 
of this reporter gene and also of the foreign gene.

(f) nos and ocs genes : These genes encode for the enzymes which help in 
synthesis of opines. Gene nos encodes for nopaline synthase and gene ocs for octopine 
synthase. These genes can be detected in the assay of transformed cells by using 
electrophoresis.

3.6. SALIENT ACHIEVEMENTS IN CROP BIOTECHNOLOGY
Successful expression of foreign genes has been observed in some important 

agricultural crops. These foreign genes can be transferred into plant cells either by 
direct gene transfer or hy Agrobacterium-mQ<i\atQ<\ gene transfer.
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Such DNA transfers help in achieving useful and more beneficial GMPs of 
important crop species. Using genetic transformation techniques, it is possible to 
introduce genes for improved qualitative characters or for the resistance against various 
stresses and pathogens.

1. Herbicide tolerant crop plants : Development of herbicide tolerant plants was 
the first major achievement in crop biotechnology employing the genetic 
transformation techniques. Transgenic plants resistant to a number of herbicides like 
Giyphosphate, Imidazoline, Sulphonylurea, Triazine, Gluphosinate, etc. have been 
successfully developed.

Herbicides are used in agriculture for controlling the unwanted plants i.c.. weeds. 
Attention has been given during the recent years for production of safe and 
biodegradable herbicides which do not cause much harm to the environment. Such new 
herbicides may affect the crop plants by disturbing the processes like biosynthesis of 
amino acids or photosynthesis, etc. Therefore it has become necessary to produce such 
plants which can tolerate and/or resist the herbicidal effects. Mainly three types of 
approaches are followed for production of herbicide resistant plants ; (a) Modifying the 
target protein to make it insensitive to the herbicide (b) Excessive production of the 
herbicide-sensitive target protein, (c) Introduction of a pathway, which degrades the 
herbicide. So far, the herbicide resistant plants have been produced in a number of 
crops, out of which, cotton, soybean, maize, etc. are already being cultivated 
commercially.

2. Engineering for Virus Resistance : Various biotechnological attempts have 
been made to achieve resistance for pathogenic viruses in plants. Transgenic tobacco 
and tomato plants have been obtained using the coat protein (CP) approach, which are 
resistant to the Tobacco Mosaic Virus (TMV) and Tomato Mosaic Virus ('i'oMV). 
respectively. Similarly, other transgenic plants have also been achieved having 
resistance against Alfalfa mosaic vims (ALMV), Potexvirus (PVX), Cucumovirus 
(CMV), etc.

3. Crop plants Resistant to Insect Attack : Insect resistant transgenic varieties of 
several crops have already been developed. Bt-cotton is the most common and 
prominent example, which contains the insecticidal property of erv gene of a gram
positive bacterium Bacillus thuringiensis. Similarly, proteinase inhibitor gene from 
tomato is inserted to produce the transgenic insect-resistant tobacco plants.

4. Resistance to Pathogenic Fungi and Bacteria ; The genetic transformation 
techniques are also being used to produce transgenic crop plants showing resistance to 
various fungal and bacterial diseases. The losses in agriculture due to reduclion in crop- 
yield can be prevented to some extent by cross protection of plants from pathogenic 
fungi or bacteria.

5. Engineering for Tolerance against Abiotic Stresses : The abiotic stresses like 
drought, flood, salinity, heat-shock etc. can also be resisted by the transgenic plants.

All these abiotic stresses adversely affect the growth of plants and thus cause a 
major loss in agriculture. To prevent such losses, genetic engineers have developed the 
stress tolerant plants of a number of crops. For this purpose, several plant genes have 
been cloned which encode for enzymes that are important for avoiding loss due to 
different stresses. Tolerance to salinity, drought, chilling, has been induced successfully 
in tobacco plants. Other major plant species in which the transgenics with improved 
drought resistance or other abiotic stress resistance has been achieved are rice and 
Arabidopsis.

6. Introduction of Nuclear Male Sterility : Male sterile plants are an advantage 
for the plant breeders in case of many plants e.g., in cereals.

Some male sterility-causing genes have been transferred to the plant cells to 
engineer the male sterility in plants like oil-seeds, tomato, maize, cotton, etc.
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Gene baniase from Bacillus amyloUquefaciens and genes rol B, rol C from A. 
rhizogenes are used to induce male sterility in plants.

Another gene harstar from B. amyloUquefaciens is an intracellular inhibitor of 
barnase and'lhus it is an effective fertility restoration gene.

7. Development of Transgenic Plants with Quality Modifications : The genetic 
transformation has enabled the development of crop plants having improved quality 
like the modification of protein quality, oil or starch quality, Successful attempts have 
been made in case of rice, sweet potato, maize and wheat for modifying their protein 
quality. A common example is a transgenic rice popularly known as Golden Rice 
which contains the transgenes transferred into rice by using Agrobacterium. Golden 
rice contains high content of provitamin A, (3-caroiene which imparts the rice, a golden 
colour.

Itiology ofAgrobaclerhint. Vccloi'S 
lor Gene Delivery and Marker 

Genes

Table 2 shows some successful examples of transgenic plants developed using 
Agrohaclerium-based genetic transfer methods 1

Table 2
Common Name CharacteristicName of Plant

• /hparagiis njjkinalis Insect resistanceAsparagus

Herbicide resistance, protein quality modificationSoybean• Glycine max

• Go.'mvpium hirsutum Insect resistanceColton

Ouality modification• Jugtans regia Walnut

Quality modification, virus resistance• Lveopersiam esculenitim Toinalo

Virus resistance, insect resistanceAllulfa• Medicugo vuria

Virus resistance, insect resistance• Niccliana lahaciim Tobacco

Protein quality modificationRice• On'za .rutivu

Starch modification• Solanum lube.rosuin I’olaio

Male sterile, protein quality modificationMaize• Zea mavs

8. Improved Nitrogen Fixing Ability : Leguminous roots bear nitrogen-fixing 
nodules induced by some bacterial strains. Most important bacteria in this respect is 
Rhizobium. Some other bacterial strains like Klebsiella, Azotobacter and Cyanobacteria 
(Blue Green Algae) like Anabaena also fix nitrogen. The nitrogen fixing ability of 
these microbes is due to the presence of a cluster of genes called as /t/Z-genes. It is 
believed that if these nif-gencs can be cloned in crop plants, (he need to use fertilizers 
for enriching soil with nitrogen can be eliminated. Efforts are being made in this 
direction to transfer nifgenes cluster from bacterial or cyanobacterial strains to plants. 
So far, success has been achieved in improvement of sugarcane and wheat, while 
research is being carried on for other plant species.

Opines
These are the unique nitrogenous compounds, which are produced by the plant 

cells which have been tiansformed by Agrohacleriiim. They are unusual amino acid or 
sugar derivatives which act as the nutrition source for Agrobacteriuin cells. The genes 
responsible for opine synthesis are present in the T-DNA region of Ti-plasmid in 
Agrobacterhim.

Most common opines are Nopaline, Oclopine and Agropine. Based on the type of 
opines produced, the Ti-plasmid may be of different kinds like nopaline-type—Ti- 
plasmid, oclopine-type-Ti-plasmid and Agropine-type-Ti-plasmid. Opines are utilized 
by the bacterium as a source of carbon and nitrogen after their catabolism. The genes 
for opine catabolism are present in Ti-plasmid outside T-DNA region.
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Agroinfection
This strategy involves the viral infection of plant cell by using Agrobactenum 

cells (Fig. 11),
A. Agrobacterium cell 

is infected by virus

B. Viral genes are
placed in T-DNA within pTi of 
Agrobacterium

C. Plant cell is infected with 
thisAgroibacter/um

D. T-DNA (with viral genes)
is displaced from Agiobacterium 
into plant cell.

E. T-DNA (with viral genes) is 
introduced into host plant cell 
and gets integrated to plant cell genome.

Kig. 11. SrraU'gy of Agi'uinrcclion.

First of all, the viral genome is placed within the T-DNA region of Ti-plasmid ol 
Agrobacterium. Now this Agrobacterium cell containing the viral genome is co- 
cultured with the plant cells. This results into the introduction of viral genome (within 
the T-DNA) into the plant cell.

In this way, virus infects the host plant cell as a part of T'-ONA carried by 
Agrobacterium and this phenomenon is called as'Agroinleclion.

Agroinfection with MSV (Maize Streak Virus) has bceir demonstrated 
successfully in maize. It has great potential for the production of transgenic plants 
especially the cereals.

Ri-plasmid
It is the root inducing plasmid which is present in A. rhiiogene.s. It is responsible 

for causing ‘hairy root disease’ in plants. On infection, a segment of Ri-plasmid is 
transferred to the plant cell genome and causes excessive proliferation of the branched 
root system. General functional features of Ri-plasmid are similar to that ofTi-plasmid. 
however, there is no high sequence homology between the two. Like Ti-plasmid. the 
Ri-plasmids are capable'of infecting dicotyledons and do not infect monocoi plants 
usually under natural conditions. However, modern aititlcial techniques have been 
achieved for the same. Ri-plasmids also contain few genes in its T'-DNA which can he 
expressed only when they are transferred into the plant cell i.e.. those genes have the 
capability to be expressed only within the plant cells and not in (he bacterium. Any .'J. 
rhizogertes cell which doesn’t contain /;Ri is non-viru!ent and it can not indticc hairy 
root disease in the plant cell on infection. It can be tightly said that Ri-piasmid is very 
much similar to pT\. but main difference between the two is that T-DNA traiisl'errcd 
from Ri-plasmid does not cause crown gall disease of stem; instead it causes a massive 
proliferation of the highly branched root system resulting into adiseasc called a.s Hairy 
Roof Disease.
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3.7. SUMMARY Biology orAgrobacienum, Vectors 
for Gene Delivery and Marker 

GenesThe transfer of specific genes in^plants through various transformation techniques 
results in the production of genetically modified plants (GMPs). Steps involve in the 
gene transfer technology are : selection of target cell, desired gene and suitable vector ; 
insertion of desired gene into the vector and transfer of the vector into the target cell. 
Three main types of gene dcliveiy system have been in use. These are : Agrobacterium 
mediated gene transfer system, utilizing plant virus as vectors for gene transfer and 
direct gene transfer system. Agrobacterium mediated gene transfer system was his
torically the first successful transformation system in plants. Agrobacterium is a gram 
negative, soil bacterium and is popularly knom as natural genetic engineer. After 
infection of the plant cell with Agrobacterium, a part of Ti plasmid (or Ri-plasrnrd) is 
integrated into the plant chromosomal DNA by definite process. It is a DNA segment 
(T-DNA). it transports new genes into plant cells. After the transformation of plant 
cells with Agrobacterium. the transformed cells are then allowed for their regeneration 
into plantlets by supplying proper nutrient media. The plants so obtained are the 
genetically modified or transgenic plants. Genes whose expression can be efficiently 
monitored and can be easily detected is called marker gene. These genes are of two 
types : Selectable marker genes and reporter genes. These genes facilitate the selection 

, and screening of transformed cells.
foreign gene transfer either by direct or Agrobacterium mediated have some 

important development in agricultural crops for e.g., tolerance against herbicides and 
abiotic stresses, resistance for virus, insect attack, pathogenic fungi and bacteria, 
introduction of nuclear male sterility and development of transgenic plants.

3.8. STUDENT ACTIVITY
1. Explain different types of gene delivery system.

2. Marker genes.

i
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3.9. TEST YOURSELFl‘kiiu Breeding, Bioiecluwlogy and 
Genetic Engineering • 1. . Which organism is responsible for causing Hairy Root Disease ?

2. Name the plasmid capable for carrying a foreign DNA molecule.
3. Why is Agrobacterium called as natural genetic engineer ?
4. Restriction Endonuclease is called ‘Biological scissor'. Why ?
5. What is the popular name of a transgenic rice having improved protein quality ?

ANSWERS
1. Agrobacterium tumifaciens 
3. Because it contains T-DNA 
5.' Golden rice.

2. Vector
4. Cuts DNA segments

□ □□

r

r

112 -S'e//- Insiniclinnal Material



UNIT-lII Genetic linginocring : Twls ainJ 
Techniques For Rccumbinam ONA 

recliimlogy1
GENETIC ENGINEERING : TOOLS 

AND TECHNIQUES FOR 

RECOMBINANT DNA TECHNOLOGY
structure-:-^?

Introduction
Steps in recombinant DNATechnology
Tools for recombinant DNA Technology
Techniques used in recombinant DNA Technology
Applications of recombinant DNA Technology
Transgenic Plants
Molecular Forming
DNA finger Printing
Risk of Genetic Engineering
Students Activity
Summary
Test Yourself
Answers

L UEARNING OBJECTIVES ; ■

By learning this chapter yon will be able to know about genetic engineering, its 
techniques, risks of using technique and its applications.

1.0. INTRODUCTION
Genetic engineering involves the use of experimental techniques for the 

ulili/ation of genetic machinery and hence to produce the DNA molecule 
containing new genes. The objectives of genetic engineering can be broadly 
categorised into two classes, first being the production of any special substance like any 
protein, etc. and second being the expression of any unique phenotype in the organism. 
Most widely used method of genetic engineering is recombinant DNA technology. 
Often the terms Recombinant DNA Technology is used as a synonym of term genetic 
engineering. Recombinant DNA technology is abbreviated as rec DNA/rDNA 
technology.

Sometimes rec DNA technology is also used as a synonym to the terms like gene 
cloning or molecular cloning. rDNA technology is the process of formation of an 
altered DNA by the insertion of exogenous DNA (or gene), which can be replicated, 
Iran.scribed and translated.

A recombinant DNA molecule is defined as a vector DNA (like a plasmid, 
bacteriophage etc.) into which the desired foreign DNA fragment has been 
inserted enabling it to produce its clones in an appropriate host. The recombinant 
DNA molecule may also be referred to as rec DNA molecule or chimaeric gene or 
heterologous DNA. In simple words, we can say that the rec DNA molecule is 
produced by the combination of two (or more) DNA segments derived from 
different organisms.
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1.1. STEPS IN rec DNA TECHNOLOGYPlant Breedinf'. Bioieciwolngt' and 
Genetic Engineering

Basic steps involved in rec DNA tcchnolog>' (or genetic engineering) arc given 
below (Fig, t):

(i) Selection and isolation of DNA insert
(ii) Selection of suitable cloning vector
(iii) Introduction of DNA-insert into vector to form rec DNA molecule
(iv) rec DNA molecule is introduced into a suitable liost.
(v) Selection of transformed host ceils.
(vi) Expression and multiplication of DNA-insert in the host.
(i) Selection and isnlatinn of DNA insert : First .step in rec DNA technology is 

the selection of a DNA segment of interest which is to be cloned. This desired DNA 
segment is then isolated enzymatically. This DNA segment of interest is termed as 
DNA insert or foreign DNA or tai^jet DNA or cloned DNA.

(ii) Selection of suitable cloning vector : A cloning vector is a self replicating 
DNA molecule, into which the DNA insert is to be integrated- A suitable cloning vector 
is selected in the next step of rec DNA technology. Most commonly used vectors arc 
plasmids and bacteriophages.

1. Construction of a recombinant 
DNA molecule

Recombinant 
DNA molecule+

Vector Fragment of DNA
-t-

Bacterium
2. Transport into the 
host cell (__)

3. Multiplication of 
recombinant DNA 
molecule

Bacterium carrying 
recombinant DNA 
molecule

4. Division of 
host cell ( (

S. Numerous cell 
divisions resulting 
in a clone

iW / / fft// / ■
Bacterial colonies 
growing on solid medium

Kl|*. I. Tht steps of rec O.VA Techtiolojiy using the hactrrial plasmid as cloning vector.

(Hi) Introduction of DNA-insert into vector to form rcc DNA molecule : I'hc 
target DNA or the DNA insert which has been extracted and cleaved enzymaiiciilly by 
the selective restriction endonuclease enzymes [in step (i)] are now ligated (joined) by
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the enzyme ligase lo vector DNA to form a rec DNA molecule which is often called as
cloning-vector-insert DNA construct.

(iv) rcc DNA molecule is introduced into a suitable host: Suitable host cells are 
selected and the rec DNA molecule so formed [in step (iii)] is introduced into these 
host cells. This process of entry of rec DNA into the host cell is called transformation. 
Usually selected hosts are bacterial cells like E. coli, however yeast, fungi may also be 
utilized.

Genetic linginecriiig Tools ;iiiO 
Techniques Tor Recomhinaiil DNA 

Technology

(v) Selection of transformed host cells : Transformed cells (or recombinant cells) 
are those host cells which have taken up the recDNA molecule. In this step the 
transformed cells are separated from the non-transformed cells by using various 
methods making use of marker genes.

(vi) Expression and Multiplication of DNA insert in the host : Finally, it is to 
be ensured that the foreign DNA inserted into the vector DNA is expressing the desired 
character in the host cells. Also, the transformed host cells are multiplied to obtain 
sufficient number of copies. If needed, such genes may also be transferred and 
expressed into another organism.

1.2. TOOLS FOR RECOMBINANT DNA TECHNOLOGY
recDNA technology utilizes a number of biological tools to achieve its objectives, 

most important of them being the enzymes. Important biological tools for rec DNA 
technology are;

(A) Enzymes
(a) Restriction Endonucleases
(b) Exonucleases
(c) DNA ligascs
(d) DNA polymerase

(B) Cloning vector
(C) Host organism
(D) DNA insert or foreign DNA
(E) Linker and adaptor sequences.
All account of all these biological tools of genetic engineering is given below ;
(A) ENZYMES : A number of specific enzymes are utilized to achieve the 

objectives of rec DNA technology. 'I'he enzymology of genetic engineering includes 
the following types of enzv'mes :

(a) Restriction Endonuclease : These enzymes serve as important tools to cut 
DNA molecules at specific, sites, which is the basic need for rec DNA technology. 
Tliese are the enzymes that produce internal cuts (cleavage) in the strands of DNA, 
only within or near some specific sites called recognition sites/recognition sequences/ 
restriction sites or target sites. Such recognition sequences are specific for each 
restriction enzyme. Restriction endonuclease enzymes are the first necessity for rec 
DNA technology.

The presence of restriction enzymes was first of all reported by W. Arber in the 
year 1962. He found that when the DNA of a phage was introduced into a host 
bacterium, it was fragmented into small pieces. This led him to postulate the presence 
of restriction enzymes. The first true restriction endonuclease was isolated in 1970s 
from the bacterium E. coli by Mescison and Yuan. Another important breakthrough 
was the discovery of restriction enzyme Hindll in 1970s by Kelly, Smith and Nathans, 
They isolated it from the bacterium Haemophilus influenzae. In the year 1978, the 
Nobel Prize for Physiology and Medicine was given to Smith, Arber and Nathans for 
the discovery of endonucleases.
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Types of Restriction Endonucleases : There are 5 main categories of restriction 
endonuclease enzymes :

Type-I Restriction Endonucleases 
Type-II Restriction Endonucleases 
Type-lII Restriction Endonucleases
Type-I Restriction Endonucleases : These are the complex type of 

endonucleases which cleave only one strand of DNA. These enzymes have the 
recognition sequences of about 15 bp length (Table 1). They require Mg’" ions and 
ATP for their functioning, Such type of restriction endonucleases cleave the DNA 
about 1000 bp away from the 5' end of the sequence 'TCA' located within the 
recognition site. Important examples of Type-I restriction endonuclease enzyme are 
EcoK, EcoB, etc.

Table 1: Recognition sequences of several Restriction Endonucleases
Blunt or 

Sticky ends.

Plant Bfseding, Biotechnology ond 
Genetic Engineering

Enzyme Source Organism Recognition Sequence

Escherichia coliEcoRl GAATCC Sticky
Bacillus globigiiBglll AGATCT Sticky

Hindi! Haemophilus influenzae GTPyPuAC Blunt
Hindlll Haemophilus influenzae AAGC'fl' Sticky
Hinfl Haemophilus influenzae GANTC Sticky

H. parainfliienzae GTTAACHpal Blunt
Haelll H. aegyplius GGCC Blunt
Sau 3A Staphylococcus aureus GATC Sticky

Proteus vulgaris CGATCGPvul Sticky
Bam HI Bacillus amyloliquefaciens GGATCC Sticky

Thermus aquaticus TCGA StickyTaql
Serratia marcescens CCCGGGSmal Blunt

StickySfil Streptomyces fimbriatus GGCCNNNNNGGCC
Sail Streptomyces albus GTCGAC Sticky

Type-11 Restriction Endonucleases : These are most important endonucleases 
for gene cloning and hence for rec DNA technology. These enzymes are most stable. 
They show cleavage only at specific sites'and therefore they produce the DNA 
fragments of a defined length. These enzymes show cleavage in both the strands of 
DNA, immediately outside their recognition sequences. They require Mg*"^ ions for 
their functioning.

Such enzymes are advantageous because they don’t require ATP for cleavage and 
they cause cleavage in both strands of DNA. Only Type II Restriction Endonucleases 
are used for gene cloning due to their suitability.

The recognition sequences for Type-II Restriction Endonuclease enzymes are in 
the form of palindromic sequences with rotational symmetry, i.e., the base sequence in 
the first half of one strand of DNA is the mirror image of the second half of other 
strand of that DNA double helix (Fig. 2). Important examples of Type-II Restriction 
endonucleases include Hinfl, EcoRl, PvuJI, Alul, HaelH etc.

S' G i • CC I GA i'

3' c: I Gc AT C

Fig. 2. A palindrome with rotational symmetry.
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Typc-III Restriction Endonucleases : These are not used for gene cloning. They 
the intermediate enzymes between Type-I and Type-II restriction endonuclease. 

They require Mg”^* ions and ATP for cleavage and they cleave the DNA at well defined 
sites in the immediate vicinity of recognition sequences, e.g. Hinf III, etc.

(a) Production of blunt ends

Genetic Engineering ; Pools and 
Techniques For Recombinant DNA 

Technology
are

i
—N—N—A—G C—T—N—N—_N—N—A—Cl—G~T—N^N— Alu]

_N—N—T—C. G—A—N—N—_N—N—T—C-r<i—A—N—N—
T

■N' = A,Ci.C. or T Blunt ends

tb) Production of sticky ends

A—A—T—T—C—N—N— 

G—N—N—

—N—N—Ci—A—.A-^T—T—C—N—N— —N—N—G
» • • •
_N—N—C—T—r—A—A

EcoRI

—N—N—C—T—I'—A—A^i—hi—N
I \

Sticky ends(c) The same sticky ends produced 
by different restriction endonucleases

—N—N—G
BumH I • « • • • •

G—N—N——N—N—C—'i—A—G

—N—N—A
• • •

T—C—T—A—G

_G_A—T—C—'I'—N—N—
• • •Bglll

A—N—N-

—N—N—N —G—A—T—C—N—N—N—
• • •

N—N—N—
Sau3A • • •

_N—N—N—G—T—A—G
Fig. 3. Mode of Action of Restriction Endnucleases.

Nature of cleavage by Rcstrictiou Endonucleases : The nature of cleavage 
produced by a restriction endonuclease is of considerable importance. They cut the 
DNA molecule in two ways :

□ Many restriction endonucleases cleave both strands of DNA simply at the 
same point within the recognition sequence. As a result of this type of 
cleavage, the DNA fragments with blunt ends are generated- Pvull, Haelll, 
Alul are the examples of restriction endonucleases producing blunt ends. 
Blunt ends may also be referred to as flush ends.

□ In the other style of cleavage by the restriction endonucleases, the two strands 
of DNA are cut at two different points. Such cuts are termed as staggered cuts 
and this results into the generation of protruding ends i.e.. one strand of the 
double helix extends a few bases beyond the other strand. Such ends are, 
called cohesive or sticky ends.

Such ends have the property to pair readily with each other when pairing 
conditions arc provided. Another feature of the restriction endonucleases producing 
such sticky ends is that two or more of such enzymes with different recognition 
sequences may generate the same sticky ends.

(b) Exonucleases : Exonuclease is an exzyme that removes nucleotides from the 
ends of a nucleic acid molecule. An exonuclease removes nucleotide from the 5' or 3 
end of a DNA molecule. An exonuciease never produces internal cuts in DNA.

/
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Genetic Engineering

5’ y n
Exonuclciisc

3’ 5’ 3 3’

Fig. 4. An Fxonucleasc activity: Nucleotides arc retouved rroiii the end of UNA
In rec DNA technology, various types of exonucleases are employed like 

Exonuclease Bal31, E. coli exonuclease 111, Lambda exonuclease, etc.
Exonculease Ba!31 are employed for making the DNA fragment with blunt ends 

shorter from both its ends.
E.coli Exonuclease III is utilized for 3' end modifications because it has the 

capability to remove nucleotides from 3'-OH end of DMA.
Lambda exonuclease is used to modify 3' ends of DNA as it removes the 

nucleotides from 5' terminus of a linear DNA molecule.
(c) DNA ligase : The function of these enzymes is to join two fragments of DNA 

by synthesising the phosphodiester bond. They function to repair the single stranded 
nicks in DNA double helix and in rec DNA technology they are employed for sealing 
the nicks between adjacent nucleotides. This enzyme is also termed as molecular glue.

(d) DNA polymerases : These are the enzymes which synthesize a new 
complementary DNA strand of an existing DNA or RNA template. A few important 
types of DNA polymerases are used routinely in genetic engineering. One such enzyme 
is DNA polymerase-1 which is prepared from E. coli. The Klenow fragment of DNA 
poiymerase-I is employed to make the protruding ends double-stranded by extension of 
the shorter strand.

Another type of DNA polymerase used in genetic engineering is Taq DNA 
polymerase which is used in PCR (Polymerase Chain Reaction).

Reverse transcriptase is also an important type of DNA polymerase enzyme for 
genetic engineering. It uses RNA as a template for synthesising a new DNA strand 
called as cDNA (i.e. complementary DNA). Its main use is in the formation of cDNA 
libraries.

Apart from all these above mentioned enzymes, a few other enzymes also mark 
their importance in genetic engineering. A brief description of these is given below :

(a) Terminal deoxynucleotidyi transferase enzyme ; It adds single stranded 
sequences to 3'-terminHS of the DNA molecule. One or more deoxyribonucleotides 
(dATP, dGTP, dTTP, dCTP) are added onto the 3'-end of the blunt-endcd fragments.

(b) Alkaline Phosphatase Enzyme : It functions to remove the phosphate group 
from the 5'-end of a DNA molecule.

(c) Polynucleotide Kinase Enzyme : It has an effect reverse to that of Alkaline 
Phosphatase, , it functions to add phosphate group to the •''S'-terminus of a DNA 
molecule.

(B) CLONING VECTORS : It is another important natural tool which geneticists 
use in rec DNA technology. The cloning vector is the DNA molecule capable of 
replication in a host organism, into which the target DNA is introduced producing the 
rec DNA molecule.

A cloning vector may also be termed as a cloning vehicle or carrier DNA or 
simply a? a vector or a vehicle. A great variety of cloning vectors are present for use 
with E. coli as the host organism. However, under certain circumstances it becomes 
desirable.to use different hosts for cloning experiments. So, various cloning vectors 
have been developed based on other bacteria like DaciUus, P.seuc/omonas, 
Agrobacierium, and on different eukaryotic organisms like yeast and other fungi.
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The cloning vector which has only a single site for cutting by a particular 
restriction endonuclease is considered as a good cloning vector. Different types of 
DNA molecules may be used as cloning vehicles such as they may be plasmids, 
bacteriophages, cosinids, phasmids or artificial chromosomes.

(C) HOST ORGANISM : A good host organism is an essential tool for genetic 
engineering. Most widely used host for rec DNA technology is the bacterium E. coli. 
because cloning and isolation of DNA inserts is ver>' easy in this host. A good host 
organism is the one which is easy to transform and in which the replication of rec DNA 
is easier. There should not be any interfering element against the replication of rec 
DNA in the host cells.

(D) DNA INSERT or FOREIGN DNA : The desired DNA segment which is to 
be cloned is called as DNA insert or foreign DNA or target DNA. The selection of a 
suitable target DNA is the very first step of rec DNA technology. The target DNA 
(gene) may be of viral, plant, animal or bacterial origin.

Following points must be kept in mind while selecting the foreign DNA :
(1) It can be easily extracted from source.
(2) It can be easily introduced into the vector.
(3) The genes should be beneficial for commercial or research point of view:
A number of foreign genes are being cloned for benefit of human beings. Some of 

these DNA inserts are the genes responsible for the production of insulin, interferons, 
lymphotoxins, various growth factors, interleukins, etc.

(E) LINKER and ADAPTOR SEQUENCES : Linkers and adaptors are the 
DNA molecules which help in the modifications of cut ends of DNA fragments. These 
can be joined to the cut ends and hence produce modifications as desired. Both are 
short, chemically synthesised, double stranded DNA sequences. Linkers have (within 
them) one or more restriction endonuclease sites and adaptors have one or both sticky 
ends. Different types of linkers and adaptors are used for different purposes.

Linkers contain target sites for the.action of one or more restriction enzymes. They 
can be ligated to the blunt ends of foreign DNA or vector DNA (Fig. 5a). Then they 
undergo a treatment with a specific restriction endonuclease to produce cohesive ends 
of DNA fragments. EcoRI-Jinker is a common example of frequently used linkers.

Linker

Genetic Engineering ' Tools and 
Techniques Eor Recombinant DNA

TeehnolDav

++Linker

DNA

flBf~
RESTRICTION
ENZYMES

DNAWl'l !i I.INKERS,

35'

VECTOR
5

VECTOR

\\\W
i'n''| RECOMlilNAN'E 
ml! DNA

Fig. 5. (A) MuililicAlion of D>.\ ends by using linkers during ree DNA technology.
Adaptors are the chemically synthesised molecules which have pre-formed 

cohesive ends (Fig. 5b)- Adaptors are employed for end modification in cases where 
the recognition site for restriction endonuclease enzyme is present within the foreign
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DNA. The foreign DNA is ligated with adaptor on both ends. This new molecule, so 
formed, is then phosphorylated at the 5'-terminii. Finally foreign DNA modified with 
adaptors is integrated into the vector DNA to form the recombinant DNA molecule.

Plain Hrceding. Bioicciwology oiiJ 
Ceneiic l-jigineering

+ +
Foreign DNA

I.IG.ATION
Adaptor Adaptor

Lv;-,
PMOSPIIORYFA'I'ION 
AT 5' - END.S

Foreign DNA wiili Ailapiors

VECTOR

wyi Ri-;roMiiiNAN'i 
liii'! DNA

Fig. S. (b) Coiisli'uction ol'DN.A FrAgments xviih cohesive ends using Adaptors.

1.3. TECHNIQUES USED IN RECOMBINANT DNA TECHNOLOGY
A number of techniques are used for various purposes during different steps of rcc 

DNA technology. Such techniques serve for the fulfilment of different requirements ot
to obtain proper information for drawing an exact inference during genetic engineering. 
Some of these important techniques are gel electrophoresi.s, blotting techniques, dot- 
blot hybridisation. DNA sequencing, artificial gene synthesis, polymerase chain 
reaction, colony hybridisation, etc.

Gel Electrophoresis
It is the technique of separation of charged moleculc.s (in aqueous phase) under the 

influence of an electrical field so that they move on the ge! towards the electrode of 
opposite charge i.e., cations move towards the negative electrode and anions move 
towards the positive electrode.

The genomic DNA is extracted from the desired host and is then fragmeiiicd using 
restriction endonucleases. For separation of these cut fragments and isolation of desired 
DNA fragment, the technique of gel electrophoresis is employed. Gel electrophoresis 
may be of horizontal or vertical type. Usually agarose gel is used for separation of 
large segments of DNA while the polyacrylamide gel is used for the separation of 
small DNA fragments which are only a few base pairs long.

Gel electrophoresis employs a buffer sy.stem. a medium which is a gel and a 
source of direct current (Fig. 6). Samples having DNA fragments are applied on the gel 
and current is passed through the system for an appropriate time. Different DNA 
fragments move upto different distances on the gel depending on their ciiaige to mass 
ratio. The heavier fragments move a little, while the lighter DNA fragments move uplo 
a larger distance. Following the migration of the molecules, the gel is treated with 
selective stains to show the location of separated molecules in the form of bands.

Very large DNA molecules or chromosomes can not be separated even by Agarose 
Gel electrophoresis. For separation of such very large DNA molecules (sometimes 
representing whole chromosomes), a new technique is used which is known as Pulse 
Field Gel Electrophoresis (PFGE).

1
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Kig. 6. Vertical Gel Elociruphorcsis fur separation of DNA fragments.

Blotting Techniques
Visualisation of a specific DNA (or RNA or protein) fragment out of many 

molecules requires a technique called blot transfer. In this technique, the separated 
bands are transferred onto a nitrocellulose membrane from the gel. Mainly there arc 
three types of blot transfer procedures ;

Southern Blotting. Northern Blotting and Western Blotting.
Southern blotting is named after the person who devised this technique, viz. E.M. 

Southern (1975). The other names began as laboratory jargon but they are now 
accepted terms.

, Technically, blotting may be defined as the transfer of macromoicculcs from 
the gel onto the surface of an immobilizing membrane like nitrocellulose 
membrane. It is to note here that during such transfer, the relative positions of bands 
(of macromolecules) are same on the membrane as they occurred on the gel.

The membranes which may be used in blotting are nitrocellulose membrane, nylon 
membrane, carboxymethyl membrane, diazobenzyboxymethyl (DBM) membranes, etc. 
Southern blotting is used for the transfer of DNA from gel onto the membrane while 
Northern and Western blotting are used for the transfer of RNA and protein bands 
respectively. One other blotting technique is south-western blotting which examines 
the protein-DNA interactions.

A schematic rcpre.sentation of southern blotting technique is given in the fig. 7. In 
this technique first of all, the sample DNA is digested with restriction enzymes to 
obtain fragments of different lengths. These differently sized DNA segments are then 
passed through Agarose Gel Electrophoresis for their separation based’ on their 
lengths. The gel so obtained with different bands of DNA fragments is placed on top of 
buffer saturated filter papers w'liich act as a filter paper wick. Above gel is put a 
nitrocellulose filter and over nitrocellulose filter are placed many dry filler paper 
sheets. With the movement of buffer towards the dry filter papers, the DNA bands are 
also moved upwards and hence they get bound to the nitrocellulose filter membrane. 
Now, the nitrocellulose filter is removed and baked in vacuum. DNA fragments on the 
nitrocellulose filter are hybridized with single stranded radioactively labelled probes. 
Washing is done to remove unbound probes and finally the DNA bands with 
radioactivity are visualised by autoradiography.
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Fig. 7. Melliod of Southern blotting for visualizing DNA fragments.
In Northern Blotting, RNA molecules are blot transferred from the gel onto a 

chemically reactive paper. Western blotting is used for proteins and its working is 
based on the specificity of antibody-antigen reaction. In this technique the hybridisation 
of bound proteins is done with radioactively labelled antibodies.

Dot Biot Hybridisation
The procedure of this technique is almost the same as blotting, bin the only 

difference is that the DNA fragments are not separated by cicctropitoresis. iivsicad they 
arc directly applied as a dot on the nitrocellulose membrane. Then radioactively 
labelled DNA probes having the complementaiy base sequences to the DNA of interest 
arc applied on this membrane to allow its hybridization. The position of this 
liybridizalion is then detected by autoradiography method.

DNA Sequencing
The segments of specilk DNA molecules olnaincd by rccoinbinaiii DNA 

technology can be analyzed lor iletcrminiiig their nueleniide sequence. The methods 
commonly used for DNA sci|ueiicing arc :

(i) Enzymatic method or Sanger's Didco.ss method.
(ii) Chemical method or Maxam-Ciilbert Method.
(iii) Automated method.
(i) Enzymatic method of l.)NA scquenciitg is aisc' called as Sangci'-Coulson 

method of sequencing of DNA molecules. I'his mcliiod iiooive.-. Itic use ol' single 
.stranded DNA as a template for DNA synthesi.s. I he ilideoxymieleotide li iphosphales 
(ddN fPs like ddCTP, ddGTP. ddATP. ddl'l'P) aie incorporated in liic growing, chain 
and they terminate the chain synthesis because iiic\ arc unable to i'onn a 
phosphodiester bond with next deox\-nueleoiide triphosphate, lor sequencing, the 
reaction mixture is taken in four separate test tubes. In each test tube is added one 
particular ddNTP. As a result, different sizes of newly synthesised DNA strands are 
obtained in each test tube which are terminated by a particular ddNTP. These segments 
are then separated by electrophoresis and then the DNA sequences are obtained by. 
reading the bands on autoradiogram from bottom to the top of gel.

122 Sell-Inxlnictiona! Material



(ii) Chemical method of DNA sequencing involves the degradation of DNA by 
using chemicals, rather than synthesis of new DNA. In this type of sequencing, the 
DNA sample is labelled radioactively at ends and separated into single strands. Sample 
is then divided into four test tubes, each treated with a specific chemical reagent which 
degrades only at specific nucleotide base like G or C or ‘A and G’ or ‘C and T’. As a 
result of this partial chemical cleavage, a number of differently sized fragments are 
obtained in each test tube. These fragments are separated by gel electrophoresis and 
then observed under autoradiography to interpret the nucleotide sequence of sample 
DNA. Chemical method is not used very commonly because it is a slow and labour 
intensive process.

(iii) Automatic DNA sequencing methods have been developed by improvements 
in dideoxy-method. A number of automatic DNA sequencing machines have also been 
invented which arc capable of sequencing thousands of nucleotides within few hours. 
Such methods involve the tagging of fluorescent dyes to ddNTPs, slab gel squencing 
systems, capillary gel sequencing systems and PCR-based DNA sequencing 
techniques. Such techniques are faster and more reliable.

Genetic Engineering : Tools and 
Techniques For Recombinant DNA 

Technology

Artificial Gene synthesis
This technique may also be called as oligonucleotide synthesis. It is one of those 

techniques which have been adopted for tiie synthesis of desired gene or DNA 
fragment. Gene synthesis is now a routine laboratory procedure to be utilized in the rec 
DNA technology.

First success in the approach of artificial gene synthesis was achieved by Dr. Uar 
Govind Khorana and his co-workers in 1970 when they synthesised the artificial gene 
for a t-RNA in vitro which had potential for functioning within a living cell.

Major approaches available for the artificial synthesis of genes are ;
(i) Enzymatic synthesis of Gene : When details of base sequence of concerned 

gene are available, the polynucleotide of that same base sequence can be synthesized 
by enzymatic method. In this method the bacterial enzyme Polynucleotide 
phosphorylase is utilized. This method is easy to perform and does not require any 
template.

(ii) Chemical synthesis of Gene : Once the base sequence of a gene is deducted, 
this gene can be synthesized by a purely chemical method as used by Khorana and his 
co-workers for the synthesis of gene for yeast alanyl t-RNA. This method utilizes 
different chemical reagents for various steps of the process. There are mainly three 
distinct methods, which are phosphodiester phosphotriester, and phosphite-lriester 
methods. These methods differ in their strategies for protecting the hydroxyl group of 
the phosphate residues.

(iii) If the detailed sequence of the concerned gene is unknown then the artificial 
gene is synthesized in the form of cDNA i.e., complementary DNA from the mRNA of 
that gene. In this method, the enzyme employed is RNA directed DNA polymerase.

PCR (Polymerase Chain Reaction)
PCR is a technique for the amplification (or cloning) of a target sequence of DNA. 

It is sometimes also referred to as in vitro gene cloning (without expression of that 
gene). PCR is an important technique in molecular biology and it was discovered by 
Kary Mullis in 1985 (Fig. 8). It is carried out in vitro and by it, upto billion copies of 
the target DNA sequence can be obtained from a single copy within few hours only.
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Fig. 8. Polymerase Chain Reaction (PRC).

Outline of PCR
I’CR is a technique which results in selective amplification of a selected DNA 

molecule. One limitation of PCR is that the border region sequences of the DNA (to be 
ampliUcd) must be known in order to select the appropriate primers which anneal 
(attach) at its 3' ends. Primer annealing is important due to the fact that enzyme DNA 
polymerases require double stranded (ds) primer regions for initiating the DNA 
synthesis. The whole reaction of PCR takes place in a tube called eppendurf tube. 
Scientists are using PCR in a number of disciplines due to the advantages like it is a 
quick, simple and extremely accurate technique. Major limitation of PCR is that due to 
its extreme sensitivity it may produce erroneous results caused by sex cral inhibitors or 
contaminating DNA segmenis present in the sample DNA preparation.

Main Requirements of PCR
(a) I'wo nucleotide primers which arc complementary to 3' ends of target DNA

strands
(b) Target DNA sequence.
(c) A heat stable DNA poIymera.se e.g-. Taq polymerase.
(d) deoxy adenosine triphosphate (dATP)
(e) deoxy thymidine triphosphate (d I'TP)
(f) deoxy cytidine triphosphate (dC TP)
(g) deoxy guanosine triphosphate (dOTP)
(h) A thermal cycler in which PCR is carried out
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Steps in PCR
A generalised PCR-protocol involves following steps (however, the temperature

time profile may vary according to the requirements);
(a) Mix target DNA sequence, excess of primers, dATP, dTTP, dCTP, dGTP and 

Taq polymerase in the reaction mixture in eppendorf tube. Place this tube in thermal 
cycler.

Geneiic Engineering : Tools and 
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(b) Reaction mixture is given high temperature of about 90-98®C for few seconds 
to denature the DNA. As a result the double stranded DNA becomes single stranded.

(c) Temperature is changed to about 55°C for 20 seconds so that primers are 
annealed at 3' ends of DNA.

(d) Now the temperature is maintained at 72°C for 30 seconds which facilitates the 
functioning of Taq polymerase thus synthesizing the complementary strand of DNA.

(e) Hence, one cycle of PCR is completed here resulting in the formation of two ds 
DNA molecules from one ds DNA.

(f) Same cycle is repeated till the required number of DNA copies are obtained.

Main Types of PCR
(1) Inverse PCR
(2) Anchored PCR
(3) Asymmetric PCR
(4) Overlap-Extension PCR

Uses of PCR
(1) For amplification of DNA
(2) To detect mutations
(3) To diagnose genetic disorders
(4) To produce in vitro mutations
(5) Eof^preparing DNA for sequencing
(6) To analyze genetic defects in single cells from human embryos.
(7) To identify virus & bacteria in infectious diseases.
(8) For characterization of genotypes.

Colony Hybridisation Technique
This technique is used in genetic engineering for the identification of transformed 

bacterial cells (cells which contain foreign DNA). After transformation of cells with a 
specific DNA, it is likely that only some of those cells may have foreign DNA. For 
further procedure, firstly it is important to screen such cells which are having foreign 
DNA. This screening is done by using the technique of colony hybridisation in case of 
bacterial cells (Fig. 9). A similar technique namely Plaque Hybridisation is utilized 
for screening of transformed bacteriophages. Basic principle of this technique lies in 
the in-sin/ hybridisation of transformed bacteria) cells with a radioactive probe 
sequence. Due to the specificity, of probe, it enables rapid identification of one colony 
(through radioactivity) even amongst many thousands of colonies.

The transformed bacterial cells are first of ail plated on a suitable agar plate which 
is termed as the master'plate. Colonies are grown in the master plate. These colonies 
on the master plate are replica-plated onto a nitrocellulose or nylon membrane by 
placing it gently over the master plate. This replica-plate carrying the colonies is 
removed and treated with alkaline reagent to lyse the bacteria. DNA of those bacterial 
cells is denatured. Proteins on the membrane are digested. Finally the membrane is 
washed to remove all other molecules, leaving behind only the denatured DNA bound 
to it, in the form of DNA print of the colonies.
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This DNA print is then hybridized with a radioactively labelled RNA/DNA probe. 
Membrane is washed to remove any unbound probe and then autoradiography is done 
to detect radioactivity. The positions of the DNA prints showing up in autorodiograpli 
are then compared with the master plate to identify the transformed colony.

I‘liml Breeding, Biolechnology and 
Genetic Engineering

Replica plate ontua
4- . •nitrocelluloiie filter 

placed un an 
agar plate

Master plalc \\ ilh 
baclcriiil ci'lonic.s

Nitrocellulose
Ulter

Remove the filter 
from agar plate Rciaincil

iiitaci

Master I’laic1. Lyse bacteria 
\ 2. Digest protein 
\ J. Wash and 
\ denature DNA 
\4. Bake at SO^C

filter with 
bacterial 
colonies

Compare 
and identify 

colonies
(v/)

\o• o I. Hvbridi/c witho
o radioactive probe 

KNA
Filter with 2. Autoradiography Atiioradioaraph 
DNA print

Fig. 9. Steps in Colony Hybridization Technique

: o

1.4. APPLICATIONS OF RECOMBINANT DNA TECHNOLOGY
Genetic engineering or rec DNA technology has enormous and wide-spread 

applications in all the fields of biological sciences. Some important applications of rec 
DNA technology are enlisted below :

(1) Production of Transgenic Plants : By utilising the tools and techniques of 
genetic engineering it is possible to produce transgenic plants or the genetically 
modified plants. Many transgenic plants have been developed with belter qualities like 
resistance to herbicides, insects or viruses or with expression of male sterility, etc. 
Also they allow the production of commercially important biochemicals, 
pharmaceutical compounds, etc. Genetic engineering is capable of introducing the 
improved post-harvest characteristics in plants also. Transgenic plants also aid in the 
study of the functions of genes in plant species.

(2) Production of Transgenic Animals : By the use of rec DNA technology, 
desired genes can be inserted into the animal so as to produce the transgenic animal. 
The method of rec DNA technology aids the animal breeders to increase the speed and 
range of selective breeding in case of animals. It helps for the production of better farm 
animals so as to ensure more commercial benefits. Another commercially important use 
of transgenic animals is the production of certain proteins and pharmaceutical 
compounds. Transgenic animals also contribute for studying the gene functions in 
different animal species. Biotechnologists have successfully produced transgenic pigs, 
sheep, rats and cattle.
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(3) Production of Hormones : By tlie advent of techniques of rec DNA 
technology, bacterial cells like E.coli are utilized for the production of different fine 
chemicals like insulin, soinatosialin. somatotropin and P-endorphin. Human Insulin 
Hormone i.e.. Humulin is the first therapeutic product which was produced by the 
application of rec DNA technology. The genes of interest arc incorporated into the 
bacterial cells which are then cloned. Such clones are capable of producing a fair 
amount of hormones like insulin which have great commercial importance.

(4) Production of Vaccines : Vaccines are the chemical preparations containing a 
pathogen in attenuated (or weakened) or inactive state that may be given to human 
beings or animals to confer immunity to infection. A number of vaccines have been 
synthesised biologically through rec DNA technology. These vaccines arc effective 
against numerous serious diseases caused by bacteria, viruses or protozoa. These 
include vaccines for polio, malaria, cholera, hepatitis, rabies, smallpox, etc. The 
generation of DNA vaccines has revolutionised the approach of treatment of infectious 
diseases. DNA-vaccine is the preparation that contains a gene encoding an 
immunogenic protein from the concerned pathogen.

(5) Biosynthesis of Interferon : Interferons are the glycoproteins which are 
produced in very mimitc amounts by the virus-infected cells. Interferons have antiviral 
and even anli-canccrous properties. By recDNA technology method, the gene ofhuman 
fibroblasts (which produce interferons in human beings) is inserted into the bacterial 
plasmid. These genetically engineered bacteria are cloned and cultured so that the gene 
is cxprc.ssed and the interferons are produced in fairly high quantities. This interferon, 
so produced, is tlicn extracted and purified.

(6) Production of Antibiotics : Antibiotics produced by microorganisms are vciy 
effective against different viral, bacterial or protozoan diseases. Some important 
antibiotics are tetracycliii. penicillin, streptomycin, novobiocin, bacitracin, etc.

rccDNA technology helps in increasing the production of antibiotics by improving 
the microbial strains through modification of genetic characteristics.

(7) Production of Commercially Important Chemicals : Various commercially 
important chemicals can be produced more efficiently by utilizing the methods of rec 
DNA technology. A few of them are the alcohols and alcoholic beverages obtained 
through fermentation; organic acids like citric acid, acetic acid, etc. and vitamins 
produced by microorganisms.

(8) Application in Enzyme Engineering : As wc know that the enzymes arc 
encoded by genes, so ifthere are changes in a gene then definitely the enzyme structure 
also changes. Onzyine engineering utilizes the same fact and can be explained as the 
modification of an enzyme structure by inducing alterations in the genes which encode 
for that panicular enzyme.

(9) Prevention and Diagnosis of Diseases : Genetic engineering methods and 
techniques have grcVtly solved the problem of conventional methods for diagnosis of 
diseases. It also provides methods for the prevention of a number of diseases like 
AIDS, cholera, etc. Monoclonal antibodies are useful tools for disease diagnosis. 
Monoclonal antibodies are produced by using tlie technique called hybridoma 
technology. The monoclonal antibodies bear specificity against a specific antigen.- 
These are used in the diagnosis of diseases due to their specificity. Genetic engineering 
allows the production of hybridoma which is a cell obtained by the fusion of a 
lymphocyte cell capable of producing antibodies and a single myeloma cell (tumour 
cell). .
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(10) Gene Therapy : Gene therapy is undoubtedly the most beneficial area of 
genetic engineering for human beings. It involves delivery of specific genes into human 
body to correct tlie diseases. Thus it is the treatment of diseases by transfer and 
expression of a gene into the patients' cells so as to ensure the restoration of a normal
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cellular activity. On the basis of types of cells into which the functional genes arc 
introduced, the gene therapy may be classified as somatic gene therapy and germ line 
gene therapy. Gene therapy is done either by using in vivo strategy (also called as 
patient therapy) or by using the ex vivo strategy.

(11) Practical Applications of Genetic Engineering : recDNA technology has an 
immense scope in Research and Experimental studies. It is applied for :

□ i-ocalizing specific genes.
□ Sequencing of DNA or genes.
□ Study of mechanism of gene regulation.
□ Molecular analysis of various diseases.
□ Study of mutations in DNA, etc.
(12) Applications in forensic science : The applications of rec DNA technology 

(or genetic engineering) in forensic sciences largely depend on the tcciiniquc called 
DNA profiling or DNA fingerprinting. It enables us to identify any person b\ 
analysing his hair roots, blood stains, serum, etc. DNA fingerprinting also helps to 
solve the problems of parentage and to identify the criminals.

(13) Biofuel Production : Biofuels are derived from biomass and these arc 
renewable and cost effective. Genetic engineering plays an essentially important role in 
a beneficial and large scale production of biofuels like biogas. biohydrogen, biodiesel, 
bio-ethanol, etc. Genetic engineering helps to improve organisms for obtaining higher 
product yields and product tolerances. Genetically stable high producing 
microorganisms are being developed by using modern recDNA techniques, which aid 
in an efficient production of bioenergy. The energy crop plants arc those plains which 
use solar energy in a better way for production of biomass. Genetic improvements of 
these energy crop plants greatly help for quick and high production of biomass which 
ill turn reduces the biofuel production cost. The fermenting microbes whicli are utilized 
for biogas produetion are improved at the genetic level for achieving hctlcr results.

(14) Environment Protection : Genetic engineering makes its contributions to the 
environment protection in various ways. Most important to mention are the new 
approaelies ulili/cd for waste treatments and bioremediation. Environment protection 
means lliv conservation of resources and hence to limit the degradation of 
cavironiuciit. Major approach in environment protection is the use of recDNA 
technology for degradation of toxic pollutants which harm the environment. f)iffcrcin 
nticrobes used for sewage treatment, waste water treatment, industrial efflueni 
Irealinent and for bioremediation are greatly improved by genetic engineering practices 
and thus present better results. The plant species can also be developed by using 
various gene transfer techniques for acquiring better options for phytoremediaiic'ii. 
Biological deodorisation is a newer technology that involves the decomposition of bad 
smelling ingredients by microorganisms. Genetic engineering plays an equally sincere 
attention towards the improvisation and betterment of such deodorising microbes.

Plan! Breeding, liialechnology and 
(Jeneiic Engineering

1.5. TRANSGENIC PLANTS
A genetically modified plant, consisting in its genome, one or more inserted 

genes of an unrelated plant is termed as a transgenic plant and those inserted genes 
are called as transgenes. The development of transgenic plant is possible by using 
recDNA technology, gene delivery strategies and the tissue culture techniques.

Production of transgenic plants involves two main steps, that are : transformation 
of the target plant cells and then regeneration of transformed cells into whole plants. In 
the transformation step, foreign gene of interest is introduced into the target plant cells. 
This can be done by following any of the gene delivery systems available like AMG’f 
(Agrobacierium mediated gene transfer), using plant viruses as vectors or by direct 
gene delivery system i.e., electroporation, microinjection, particle-gun method, etc. At
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present, the panicle gun method and AMGT are the most favourable methods of gene 
delivery into plant cells.

Use of Marker Genes : After the transformation step is over* it becomes essential 
to identify the transformed cells. Here, the role of marker genes is marked. The 
detection of integration of foreign genes into the plant genome requires the use of 
marker gene (hat either allow the transformed cells to be selected (selectable marker 
gene) or that encodes an activity which can be assayed or scored (scorabic marker 
gene). The use of a dominant selectable marker gene serves as a direct means of 
obtaining only transformed cells in culture, because the non-transformed cells die on 
the selective medium. Therefore, selectable marker genes are the frequently used 
marker genes. Usually, these selectable marker genes are introduced along with the 
foreign gene into the plant cells.

Although these marker genes are of immense utility in differentiating transformed 
cells from the non-transformed cells, but they pose some problems too. There is a threat 
of accidental transfer of resistance genes (used as selectable markers) to the pathogenic 
soil-bacteria which may cause disaster. Secondly, the presence of a selectable marker 
gene makes it difficult to insert additional foreign genes into the transgenic plant as the 
same selectable markers gene can not be used twice. To avoid these problems, a 
number of advanced strategies have been developed for the removal of marker genes 
and for the production of marker-free transgenic plants.

Production of transgenic crops has become a crucial part of plant breeding and it 
has immensely uplifted the possibilities of crop improvement programmes all over the 
world. Numerous transgenic plants of'different species have already been in cultivation 
and some are undergoing field trials. They are beneficial because they contain 
improved agronomic traits which are commercially efficient. Transgenic crop plants 
have many beneficial traits like resistance against different pathogen pests, abiotic 
stresses, and improved nutritional quality, higher yield, better phenotypes, etc. The first 
transgenic plant was generated in early 1980s when diverse foreign genes were 
introduced into tobacco plants.

Flavr-Savr tomato marketed in USA in 1994 by Calgene Co. was the first 
transgenic variety to reach the market. These transgenic tomatoes retain their freshness 
for long periods. Freedom II squash marketed by Agrow Seed Co. resist the infection 
by viral diseases. High lauric rapeseed is an approved genetically.engineered plant ' 
which produced rapeseeds rich in laurate (fatty-acid) which is useful in making soaps, 
detergents and shampoos. Roundup Ready soyabcen developed by Monosanto Co. is 
intended for making animal feed and not for human use. Food and Drug Administration 
(FDA) of U.S.A. has so far approved a number of transgenic crops of plants species 
like rapeseeds, cotton, tomato, maize, sugarbeet, papaya, soybean, etc, which have 
transgenes inserted for producing improved traits.

Some improvek! trails generally present in transgenic plants are one or more from 
the following ( i'able 2) :

(i) Resistance to biotic stresses like :
■ Insect resistance
■ Resistance to weeds
■ Viral Resistance
■ f'ungal Disease Resistance
■ Racteria! Disease Resistance

|ii) licrbicide Resistance
liiit Resistance against abituic stresses like :

• Drought
« Salinilv
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• Heat
■ Frost
■ Metal toxicity

(iv) Modified quality of starch, edible-oils, proteins obtained from crop plants.
(v) Improved Nitrogen fixing capacity.
(vi) Delayed ripening for improved storage and longer shelf-life.
(vii) Seedless fruits for better commercial values.
(viii) Improved colour, fragrance and longer life of commercial flowers.
Beyond possessing one or more of the above traits, transgenic plants are also 

utilized as bioreactors for manufacture of pharmaceutical chemicals and other 
commercial chemicals. These are also applied for studying the regulation of gene' 
expressions under different conditions of factors like light and temperature (Table 2).

Table 2. Few Transgenic plants conferring improved traits

l‘luitt Breeding. Biotechnology and 
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Improved Trait Transgcne Crop
Insect Resistance Bt Cry I Sugarcane
Insect Resistance Bt Cry II Maize
Insect Resistance CpTi Tobacco
Insect Resistance Cry III Potato
Resistance to Tobacco Mosaic Virus Coat protein Tobacco
Resistance to Yellow Leaf Curl Virus Coat protein Tomato
Resistance to Wilt Virus Nucleocapsid protein Tomato
Bacteria! Resistance Cecropin Rice
Bacterial Resistance Cecropin Potato
Herbicide Tolerance Nitrilase Cotton
Herbicide Tolerance Acetolactate Synthase Tomato
Drought Resistance Sac B Tobacco
Tolerance to Salinity Mtl D Tobacco
Male Sterility Barnase Brassica
High laurate oil Thioesterase Rapeseed

Transgenic research is being carried over in India also with a view to strengthen 
the plant biotechnology in country. Department of Biotechnology (DBT) makes funds 
for the promotion of transgenic research in India. A number of institutes like Central 
Potato Research Institute (CPRI), Simla; Indian Agricultural Research Institute (lARI). 
New Delhi; Central Rice Research Institute (CRRl), Cuttack; Delhi University, Punjab . 
University, Ludhiana, etc. have made significant development in transgenic research 
producing a number of transgenic crop plants mainly in the species like rice, cotton, 
rapeseed and tobacco.

1.6. MOLECULAR FARMING
This term describes the use of genetically modified plants for the production of 

scientifically, medically and/or industrially important biomolecules. The concept 
behind molecular farming involves the growing and harvesting of plants with novel 
traits {i.e., transgenic plants) for producing biomolecules rather than food, feed and 
fibre. Potential biomolecules which can be produced through molecular farming 
include the medical products like pharmaceuticals (drugs), vaccines, diagnostic 
products, industrial chemicals, biodegradable plastics, biologies, etc. Molecular
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farmiiig has emerged as a promising industry having its base in plant biotechnology, It 
has attained a great importance in the field of pharmaceutical and industrial production 
because it ensures the cost-effective production of safe and functional products, which 
are expensive and difflctift to be produced b}' any other means.

Molecular farming is actually an application of genetic engineering. It uses the 
genetically modified plants as 'biological factories' to produce recombinant protein 
products for a variety ol' uses. In plant molecular farming, first of all the plants to be 
used as the 'expression s\ stem' are chosen. The organism into which the foreign gene 
is inserted for expression of the desired new product in molecular farming is called as 
'.■xprc.ssiun .system.

A foreign gene associated with the production of desired biomolecule is then 
integrated into plants' genome. Such gcnciically engineered i.e., transgenic plants are 
llieii grown on argicultural scale providing them with water, sunlight and essential 
miifienls. During their growth, these transgenic plants synthesise the useful 
bioinoleculcs which get aceumiilalcd in liie plant tissues. These plants are then 
harvested and the desired product is extracted and purified from the plants. Some 
important examples of products that ha\ e been developed experimentally through plant 
molecular farming arc interleukin in tobacco, edible vaccines, various enzymes for use 
in I'ootf proeessiiig. en/yme> for treatment of human diseases, bioplastics from 
biodegradable molecules in corn, functional antibodies, hormones, blood proteins, 
trypsin and gastric lipase in corn, etc.

Molecular farming also involves the use of transgenic bacteria, plant viruses, 
yeasts, animal cell culture and transgenic animals as the expression systems for 
production of the desirable novel compounds. But, as the plants offer numerous 
advantages over animals and animal cultures therefore, the molecular I'arining 
involving plants {i.e., plant molecular farming) is the most talked about and practically 
useful technique. A more closely related term is ‘pbarming’ which i.s mostly applied 
for the use of ‘transgenic animals’ for the production of pharmaceuticals.

Genetic Engineering : Tools ami 
Techniques FoJ' Recombinant ItNA 

' Technology

1.7. DNA FINGERPRINTING
DNA fingerprinting is also called as DNA profiling. This technique was 

discovered in the year 1986 by British geneticist Alec Jeffreys of Leicester Uiiivcrsih . 
DNA fingerprinting aids in identification of individuals at the genetic level. It is a well 
known fact that every living organism can be differentiated from the other only due to 
the sequence of nucleotides in the chromosome. DNA profiling technology 
characterizes the segments of DNA which helps in the identification of individuals. Us 
basic requirement is the availability of samples like blood staiii.s. semen, urine, tears, 
saliva, sweat, hair roots, etc.

For DNA fingerprinting, first of all, the DNA isolated from sample are digested 
with the help of suitable restriction enzymes. This digested DNA is then subjected to 
electrophoresis and southern hybridization which involves its hybridization with a 
specific probe representing the highly variable region of the organism’s genome. As a 
result of this, polymorphism is generated. Due to this polymorphism it .is very rare that 
two persons may have same pattern in DNA fingerprints. This technique of DNA 
fingerprinting has revolutionised the field of forensic medicine as it is very beneficial 
for identification of criminals like murderers or rapists. This also helps in solving 
parentage disputes by identifying the real biological father of the child by analysing the 
DNA fingerprints of child and suspected father. In cases where the samples of blood 
stains, semen, etc. have partially degraded DNA, the technique of PCR can be applied 
for amplification of DNA from sample. This enables better characterization of DNA 
which would not be possible otherwise. In India, facilities for DNA fingerprinting are 
available at CDFD (Centre for DNA Fingerprinting and Diagnostics). Hyderabad.
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MinisatelUtes which are tandem repeats of short sequences are used as probes 
while preparing DNA fingerprints of humans. In case of plants, such probes are not 
present, therefore, usually RFLPs (Restriction Fragment Length Polymorphism) or 
simple sequence repeats like (CT)n or (AC)n etc, are used as probes for DNA 
fingerprinting for varietal identification.

Plant lireeding. Biotechnology and 
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GEMS
GEM stands for Genetically Engineered Microbes. Those microorganisms which 

are modified through the use of genetic engineering techniques to fulfil specific needs 
are called as GEMs. They are utilized for performing functions which would not be 
possible through the use of their natural counterparts. For modifying microbes, foreign 
genes are introduced into their genome using the recDNA technology, so as to obtain 
desired functioning of those microbes. GEMs are of great use in different Helds 
specially in industries. Amongst different microbes, the genetically engineered bacteria 
have found enormous utility in every field. Transfer and expression of beneficial genes 
into microorganisms has opened a new era for exploiting the microbial bioprocesses for 
attainment of better commercial outputs. Some applications of GEMs in different areas 
are discussed below :

(i) GEMs specially bacterial strains are helpful for crop protection from diseases 
or abiotic stresses. Development of avirulent strains and antibiotic-producing strains of 
microbes are commonly used methods for crop protection.

(ii) Genetically engineered bacteria have also been applied for better crop 
production by enhancing their nitrogen fixation capacity. This is done by transfering of 
efficient nif genes into the bacterial genome. Rhizobium meliloliii is a successful 
example in this case.

(iii) GEMs are better sources used for enzyme productions on commercial scales.
(iv) GEMs can also be applied for achieving enhanced production and quality of 

SCP and other compounds used as food and feed.
(v) A number of commercially important chemicals like amino acids, organic 

acids, ethanol, antibiotics, etc. can be efficiently produced by utilising GEMs. For 
example, genetically engineered strains of bacteria Bacillus antylolicjiiefacien.'i have 
been in use for large scale production of amino acids.

(vi) GEMs are very useful for abatement of environmental pollution, 'fhey have an 
immense potential for bioremediation of contaminants. Most prominent example for 
this is superbug which is an oil-eating bacteria Pseudomonasputiila (patented in 1980) 
developed by an India bom american scientist Dr. Ananda Mohan Chakraborty.

SPLICING GENES
It is an important step in gene cloning/genetic engineering. It is actually a gene 

manipulation where one DNA molecule is attached to another. The most important 
tools for splicing genes are the restriction endonuclease enzymes which cut DNA at 
specific sites and thus produce specific DNA fragments which can be joined to some 
other DNA fragment. There are techniques available for breaking a DNA molecule into 
shorter fragments. Two such important techniques for splicing genes are the 
fragmentation of DNA by cleaving with restriction enzymes or by the synthesis of 
complementary DNA. The DNA fragements so isolated or synthesised are 
subsequently separated and then joined together if the ends are complementary.

GENE CLONING
Gene cloning is also referred to as DNA cloning or molecular cloning. In simple 

words, it is the introduction of recombinant DNA molecule into a host cell which is 
then multiplied to produce the clones of rec DNA. However, often this term i.e.. gene 
cloning is used as a synonym to rec DNA technology or genetic engineering.
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TAQ POLYMERASE
It is a DNA polymerase enzyme which has an important role in PCR (Polymerase 

Chain Reaction), It is a DNA polymerase-l type of enzyme which is isolated from the 
bacteria Thenmis aqualicus which lives in hot springs. Taq polymerase enzyme is a 
thermostable enzyme and it can withstand even the high temperature used for 
denaturation of DNA in PCR. That is why, it is the suitable enzyme for polymerisation 
of DNA during PCR.

Oenclic linginecring : Tools iind 
Techniques For Rccombiniinl DNA 

'I'cchnology

HUMAN GENOME PROJECT
Human Genome Project (HOP) is an ambitious plan which is administered by 

National Institute of Health and Department of Energy, U.S.A. The idea behind HGP is 
to map and sequence all the genes found in human genome. The main goal of the HGP 
is to obtain a complete knowledge of the structure, function, organisation and sequence 
of human DNA. Thus the ultimate aim of HGP is to know the sequence of bases of 
each gene of a human and to apply this knowledge for benefits of mankind. The 
development of rec DNA technology specially the use of restriction enzymes has 
provided an extra boost to Human Genome Project.

1.8. RISKS OF GENETIC ENGINEERING
l! is (rue that bioicchnology and gcnclic engineering have immense applications in 

iilinosl all the areas related to the bcUerment of humanity. But there are certain 
risks/hanns related.to it also. It has been found that biotechnological processes may 
also iiavc adver.se cTfecls in several areas. A destructive mind can use the 
biolcclinological tools and lediniques like genetic engineering for production of new 
m ins race or hi«logjc;iI warfare, clc. Pfodiicing new and superior breeds of plants and 

• animals can pose a danger to biodiversity, as only superior breeds would be used and 
otliers would be excluded. It is not wrong to say that if recDNA technology is not 
handled with a caution, it may prove to be disastrous.

There are a few confirmed cases showing the negative aspects of genetic 
engineering. These are listed below :

■ Genetically engineered human growth hormone (HGH) was found to cause 
leukaemia in children on consumption, so, it was banned for sale in U.S.

■ U.S. scientists reported the production of a super- AIDS virus which was 
formed when the ordinary AIDS virus was combined with the mice virus. It is 
believed to be more hazarduous and can be transmitted even by air.

• A genetically engineered soybean manufactured by a British company was 
banned as it caused allergies in some persons on consumption.

■ The transgenic maize manufactured by a Swiss company Ciba-Geigy was 
denied permission for sale because there was a fear that the antibiotic 
resistance gene present in it might go into the bacteria.

Several risks associated to the genetic engineering can be summarised as follows :
1. Hazarduous toxins can be produced by genetic engineering of several organism 

like botulinum toxin, neurotoxins, aflatoxins etc. can be used as biological weapons.
2. Advancements in biotechnology has also aided the terrorists to produce potent 

biological warfare agents. The genetically engineered microbes causing severe diseases 
like E. coli. Haemophilus influenzae, etc. can be used for the same.

3. Large scale release of genetically modified plants may disturb the ecological 
and environmental equilibrium.

4. Introduction of superior genetically engineered varieties are replacing the wild 
type varieties and are causing a considerable loss to biodiversity.
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5. During gene transfer process, the antibiotic resistance marker genes might gel 
introduced to the bacteria, which are pathogenic to humans. This may pose a great 
difficulty to get rid of this bacteria.

6. Gene drug preparation and Gene therapy approaches involve the introduction of 
genes into the target cells. There is a fear that incorrect integration of gene into target 
cells may cause problems by inactivating the essential genes.

7. Careless handling of tools of genetic engineering may result into the escape of 
organisms carrying recDNA molecule from the laboratory into the natural environment. 
This would be extremely harmful if it is involving a pathogenic gene.

8. Bacillus thuringiensis. baculoviruses, etc. are modified genetically to produce 
potent pesticides. If such GMOs attack the non-specific targets, they would result into 
disastrous consequences.

9. During the process of genetic modification the insertion of foreign gene into 
incorrect site in the host genome may result into the progeny with deformities.

10. GEM may disturb the ecosystem in which it is released by its rapid rate 
multiplication, which may affect the native microbes of that ecosystem.

11. There is a likelihood of the transgene (like insect resistance, herbicide 
resistance, etc.) to be transferred from GMP to a related sexually compatible weed 
species. In such case the weed would become more persistant and it would be difficult 
to control it.

12. Some transgenic plants may pose threats to the human health by production of 
toxic and/or allergic metabolites. When consumed, such plant products cause allergy 
and/or infection to the human consumers.

From the above discussion it is clear that the field of biotechnology especially the 
genetic engineering is a double edged sword. The advances in genetic engineering are 
of immense help for humanity but if mishandled, their prospects are quite frightening.

I'lani tireeding. Hiolechnology and 
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1.9. STUDENT ACTIVITY
I. Describe briefly the various techniques employed in recombinant DNA technology.

2. Explain in short the importance of different enzymes for rec DNA technology.
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1.10, SUMMARY Genetic Engineering : Tools and 
Techniques For Rccombimint DNA 

Technology’Method of genetic engineering is recombinant DNA technology. In genetic 
engineering the rec DNA molecule is produced by the recombination of two (or more) 
DNA segments derived from different organisms. Basic steps involved in rec DNA 
technology are : selection and isolatibn^of DNA insert; selection of suitable cloning 
vector; introduction of DNA-insert into vector to fomt rec DNA molecule; insertion of 
rcC DNA molecule :into a suitable host; seicctiori of transformed host cell; and 
expression, multiplication of DNA-insert in the host. Biological tools used for rec DNA 
technology include various enzymes, cloning vector, host organism, linker and adapter 
sequences etc. Various techniques fore.g.-, gel electrophoresis, blotting technique, dot- 
blot hybridization, DNA sequencing, artificial gene synthesis, polymerize chain 
reaction, co}ony hybridization etc. arc used for rec DNA technology. Genetic 
engineering has wide application in all the fields of biological sciences. Some 
important applications are production of transgenic plants, animals, hormones, 
vaccines.-antibiotics, chemicals biofuel etc. This technique is also applied in enzyme 
engineering, gene therapy, forensic science and environment protection.

1.11. TEST YOURSELF
1. Which type of enzymes arc used for joining two strands of DNA by synthesizing a 

phosphodiestcr bond ?
2. Name the process of entry of recombinant DNA into the host cell.
3. Name the most common organism for gene cloning experiment.
4. Who discovered the restriction enzyme Hind II ?
5. Name the bacterium from which Taq polymeree enzyme Is Isolated.

ANSWERS
3. E. coli
5. Thermus aqualicus

2. Transformation1. DNA ligase
4. Kelly, Smith and Nathans

□□□
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recipient DNA molecule are having one-one transposabic sequence each, aAer 
transposition.

[>onor DNA vviih transposon
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Recipient DN'A Recipient DNA with iraiispuM'ii
] r V

. I fSynthesis ofs ONA 
copy of transposon

3

Domir DNA with transposon

Fig. 3, RtpllcilivcTntnsposons.

Tn3-elements found in bacteria are good examples of such type of transposons. 
(iii) Rctroelemcnts : Their transposition is accomplished through a process which 

involves the synthesis of DNA by reverse transcription {i.e., RNA -► DNA) by using 
elements’ RNA as the template (Fig. 4). This type of transposition involves an RNA 
intermediate, the transposable DNA is transcribed to produce an RNA molecule. This 
RNA is then used as a template for producing a complementary' DNA by the activity of 
enzy'me reverse trascriptase. This single stranded DNA copy so formed, is then made 
double stranded and then inserted into the target DNA site. ITic transposabic elements 
which require reverse transcriptase for their movement are called retrolransposons. 
Donor DNA with rctroiransposun Rccipiem DNA Rccipicm DNA with retroinin^poson

Transcriplion by 
RNA polymcrwc

' '
RNA

Donor DNA with rciroiransposon
Reverse irinscripiion lo 

!• form single-stranded cDNAcDNA
4 •

Conversion lo 
, , double-stranded ONA *

DNA

Fig. 4. Transposition Involving Reverse Trnnserlplion.

The Retroelements may be viral or non^wiral. Out of these two. (he non-viral 
retroelements are important and may further be classified as ;

(A) Retrovirus like elements : They carry long terminal rapeats (LTR). Examples 
are copia, gypsy elements in Drosophila. *

(B) Retroposons : LTR are absent, Examples are LINEs and SINEs in humans.
_____________________________________________________________________

2.2. TRANSPOSABLE ELEMENTS IN PROKARYOTES
Although the presence of transposons was predicted in eukaryotes but first 

observation at molecular level was done in bacteria, which is a prokaryote. Bacterial 
transposabic elements arc of the following.typcs;

(a) Insertion Sequences or IS elements.: They are the transposable sequences 
which can insert at different sites in the bacterial chromosomes. IS-elements contain 
ITRs (Inverted Terminal Repcats^-thesc were first observed in E.coli.

IS elements are relatively short'usually not exceeding 2500 bp. The ITRs present 
at the ends of IS-elements are an important feature which enables their mobility. The 
ITRs present in the IS-clements of E.coli usually range between 18-40 bp.

The tern ‘Inverted Terminal Repeat' (ITR) implies that the sequence at 5’ end of 
one strand is identical to the sequence at 5' end of the other strand but they run in 
inverse (opposite) direction (Fig. 5)..In E.coli chromosome, a number of copies of 
severallS-elements like iSI. 1S2, IS3.1S4 and IS5 arc picscnt.

(b) Prokaryotic Transposon Element : These are also called composite 
transposons and are shown by the symbol Tn. It is made up of two IS elements, one

138 .Self-Instructional Material



present at each end of a DNA sequence which contains genes whose functions are not 
related to the transposition process.

Icrminal sequence Iniernal sequence

Transposabic lileinciils. 
Techniques oTCiene Mapping and 

Chromosoine Walking

COGATATt'CC! 3'5’ I I I I I I I I I I I I I I I
I I I I I I I 1 I I I I I I I3 5

GCCTAI'AGGC'

Inverted terminal repeat
Kig. 5. An Insertion sequence (IS-clemenI) with inverted terminal repeats (ITRs).

These transposons have been found to have inverted repeats at the ends. The 
length of these inverted repeats ranges from a few nucleotides to about 1500 bp.

It can be said that these are the large transposons which are formed by capturing of 
an immobile DNA sequence within two insertion sequences thus enabling it to move. 
Examples of such transposons include the members of Tn series like Tnl, Tn5, Tn9, 
TniO, etc.

2.3. TRANSPOSABLE ELEMENTS IN.EUKARYOTES
(a) Transposons in Maize : Different types of transposons present in maize are 

described below;
Ac - Ds system : This system of transposable elements in maize was analysed and 

given by Barbara Me Clintock. Here Ac stands for Activator and Ds for Dissociation. 
Barbara found that Ds and Ac genes were sometimes mobile and moved to different 
chromosomal locations thus resulting in different kernel phenotypes. Ds element is 
activated by Ac and on activation it serves as the site provider for breakage in 
chromosome.

Ac can move autonomously while Z)s can move only in the presence of Ac (Fig. 6). 
The transposition involving this Ac-Ds system produces altered kernel phenotypes. 
Other transposable elements of maize are :

• spm (suppressor mutator) system,
• dt (dotted) system,

Mu (Mutator) system, etc.
(j) In absence ai'Ac. Ds is nol transposable. 

Wild type expression oTJI' occurs
lyDs

(b) When Ac is present. Ds may be transposed
Ac H'Ds

Ac IS present Ds is transposed 
-----------Ac

4

Ac V 4D.vII'
■dli' IT

Cliroinosoine breaks and fnignienl is lost - 
Expression iiTW ceases, producing mijlanl elTecl.

Fig. 6. Eflects ofTranspusilion involving system in maize.

(b) Transposons in Drosophila ; A number of transposable elements are found in 
Drosophila which are of different types and account for a quite high fraction of 
Drosophila genome. Some of these transposons are given below :

P-clements : These were discovered during the study of ‘hybrid-dysgenesis’ 
which is a sterility causing condition. They are 2.9 kb long and contain 31 bp long 
inverted terminal repeats. High rate of P-element transposition causes hybrid
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dysgenesis. P-elements encode transposase enzyme which helps in their transposition. 
These are also useful as vectors for introducing foreign genes into Drosophila..

Copia-elements : Their transposition causes mutations for eye-colour in 
Drosophila. They are of size approximately 5-8 kb with direct terminal repeat (DTR) of 
about 276 bp at each end. Within each of this direct repeals is present short inverted 
repeat (IR) of about 17 bp length. About 10-80 copia-elements are present in cell- 
genome (Fig. 7).

Plant Breeding, Biotechnology and 
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DIRD l'R (276 bp)
wM.
i

IRIR(l7bp)
Fig. 7. Organization of a copia transposable element in D. melaitogtisler.

FB Elements : These are the fold back elements present in Drosophila genome. 
These have ability to fold back to form a stem and loop structure due to the presence of 
long inverted terminal repeats. Their transposition results into a changed expression by 
causing mutation by insertion or by affecting the normal gene expression. >

Other important types of transposable elements found in Drosophila are :
• ! elements,
• mariner elements,
• gypsy elements,
• hobo elements, etc.
(c) Transposons In Humans : Transposons in humans are in the form of 

repetitive DNA which consists of sequences that are interspersed within the entire 
human genome. These sequences are transposable and can move to different locations 
within the genome. These are of following two types ;

(1) SINEs (Short Interspersed Elements) : They are - 300 bp long and may be 
present about 5 lakh times in human genome. Alu sequences are the best characterised 
SINEs in humans. These are termed as 'Alu' elements because they contain specific 
nucleotide sequences which are cleaved by the restriction enzyme named Aiul.

Alu elements contain Direct Terminal Repeats (DTR) of 7-20 bp length. These 
DTRs help them in the insertion process during transposition.

(2) LINEs (Long Interspersed Elements) : They are - 6400 bp long and are 
present about 1 lakh times in the human genome. Most prominent example is LI 
sequence. These transposable elements are some of the most abundant and common 
families of moderately repeated sequences in human DNA.

2.4. SIGNIFICANCE OF TRANSPOSABLE ELEMENTS
1. Transposons may change the structural and functional characteristics of genome 

by changing their position in the genome.
2. Transposable elements cause mutation by insertion, deletion, etc.
3. Transposons make positive contribution in evolution as they have tremendous 

impact on the alteration of genetic organisation of organisms.
4. They are useful as cloning vectors also, in gene cloning. For example, P- 

elements are frequently used as vector for introducing transgenes into Drosophila.
5. Transposons may also be used as genetic markers while mapping the genomes.
6. Transposon-mediated gene tagging is done for searching and isolation of a 

particular gene.

2.5. TECHNIQUES OF GENE MAPPING
A gene map is the detailed schematic representation of the positions of genes or 

sequences of interest in a chromosome. It may also provide details of relative distances
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between these genes. A gene map may also be referred to as a genome map or 
molecular map. It attempts to describe the structural and functional organization of 
genome of an organism.

Gene mapping has attained much attention during the last two decades not only in 
case of plants but also in animals. These maps provide immense benefit in 
improvement of commerically important plants or animals. Gene mapping of human 
genome is the prime goal of Human Genome Project (HGP). It will surely help to 
solve the genetic disorders in humans.

Gene maps also aid for assessment of genetic diversity and taxonomic 
classification of organisms by comparison. Most common technique of development of 
a gene map is by using the molecular markers. For functioning of molecular markers, 
the basis is provided by polymorphism.

Polymorphism : Genome of the oganism contains a number of polymorphisms 
(literal meaning being many forms), ’fhesc polymorphisms are actually the positions in 
genome where the nucleotide sequence is not the same in every member of a 
population. These variable sites may be used as the DNA markers (or molecular 
marker) for genome mapping. • , ■

The detection of polymorphism can be done by either of the following ways :
(i) Biochemically : This detection can be done on account of the differences in 

structure and composition of the proteins encoded by the polymorphic sites of 
genomes.

Transposablc l-lcnienus. 
Techniques ol'Gene Mapping and 

Chromosome Walking

(ii) Morphologically : It can be done by visual examination, without involving 
any specialized biochemical or molecular technique.

(iii) Molecular Detection : This is done at the DNA level, i.e., the DNA 
sequences having the differences can be detected.

The polymorphism occurring at the molecular level i.e.. in DNA sequence, can be 
used efficiently as the molecular/DNA marker and hence is important for preparing 
gene maps.

Molecular Markers : These may also be termed as the DNA markers. They 
represent primary method of development of gene maps. Molecular markers, actually 
display the variability at DNA level.

Molecular markers may be described as the DNA sequences which reveal 
variations at DNA level which can be easily delected and monitored in the subsequent 
generations. On the basis of principles and methods employed for the development and 
use of-the molecular markers, they may be classified as the hybridisation-based 
markers and PCR-bascd markers. A good molecular marker must be polymorphic and 
should be evenly distributed within the genome. A molecular marker should be easy 
and quick to be detected. As stated earlier also, major use of molecular marker is in the 
development of gene maps. Different important DNA markers which are utilized for 
gene mapping are given below :

(i) RFLP (Restriction Fragment Length Polymorphism) : It is a hybridisation 
based molecular marker. The principle of RFLP marker is the restriction digestion of 
pure DNA sample by restriction endonuclease enzymes. It represents the 
polymorphism as single base changes.

(ii) RAPD (Random Amplified Polymorphic DNA) : It is a PCR (Polymerase 
Chain Reaction) based technique. Basic principle involved in the functioning of RAPD 
is the DNA amplification using PCR. RAPD is a quicker technique.

(iii) AFLP (Amplified Fragment Length Polymorphism) : It is a combination 
of features of both RAPD and RFLP. The basic principle of working of AFLP is the 
PCR amplification of fragments of genome produced by applying restriction enzymes, 
AFLP is a faster and less laborious technique.
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—(iv.)rVNTR (Variable Number of Tandem Repeats) : These are also called as 
minisatellites. Polymorphisin in VNTRs is associated with the number of repeal units at 
a given position in a chromosome in different individuals.

(v) STRs (Short Tandem Repeats) : These are also termed as microsalellites. 
They show polymorphism due to the variation in the number of repeats. These are ideal 
markers to develop a high resolution molecular map.

The molecular markers are employed for construction of genomic maps in plants 
as well as in animals and microorganisms also. However many other techniques as in- 
siiu hybridisation etc., are also utilized for mapping.

Plan! lireecling, Bioiechnaiogy and 
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2.6. TYPES OF GENE MAPS
On the basis of strategies followed for the preparation of gene maps, there are 

following types of gene maps :

Genetic Map
It is obtained by genetic studies using mendelian principles like crossing over, 

linkage, etc. Such maps are not considered to be very accurate. They only provide 
information about the position of concerned genes {i.e., on which chromosome they are 
present) and also give an idea,, roughly, about the relative distance between the 
concerned genes.

Linkage Map is the term which is given especially for those genetic maps in 
which the relative distances between genetic markers or concerned genes is measured 
in terms of recombination frequencies between them. The unit of distance in a linkage 
map is centiMorgan (cM) or map-unit. One cM is defined as that distance which 
allows 1% recombination between the genes.

sc w
1.5 map units JI

D
linkage map

SC (1B3) W (3C2)

I
1. ; i;

I
aIbI c Id e f aA B cJdeif A 0 C D IE F 8 C

I
I

2 2 3 3 41

cytogenetic map

w±sc. e-1.5x10“bp '

physical map

Fig. S. l.inkage. cytogenetic and physical maps of genes sc {scute) and w {tvhife eye) of Drosophih melanogaMt-r.
During the preparation of linkage maps, recombination frequencies between the 

genes are studied.- The data based on such recombination frequency is processed to 
measure the distance between genes. In the recent years, a number of advanced 
computer softwares have been introduced which help in fast and accurate processing of t
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data on recombination frequency and thus construct the linkage maps of genomes. 
Some such computer softwares are—LINKAGE, MAPMAKER, CRl-MAP, etc.

One main drawback of genetic map is that sometimes, the distances between genes 
in a genetic map do not correspond to the actual distance between them on the 
chromosome. Many times there may remain gaps on the genetic maps. This happens 
basically because the recombination frequencies (which are used as the measure of 
distance between genes) obviously get affected by environmental conditions and nature 
and position of mutants used for study.

Recently different techniques have been devised for genetic mapping. These 
involve the use of DNA sequences which are not genes but display variations in a 
population. Such sequences are called as the molecular markers. Most important 
molecular markers used for genetic mapping are:

(a) RFLP : These polymorphic markers have been used for genetic mapping in a 
number of crop pIants,,along with mice, human beings. Drosophila, etc. also. RFLP 
genetic maps have been so far developed successfully in wheat, rice, rye, barley, 
tomato, potato, etc.

(b) RAPD : Genetic maps are • successfully prepared by using PCR-based 
technique named RAPD. These markers .provide more convenient and quick method of 
genetic mapping than RFLPs. However, less information is served by RAPD genetic 
map.
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(c) Genetic maps have been successfully constructed by using the minisatellites 
(also called variable number of tandem repeats, VNTR) and inicrosatellites {i.e., short 
tandom repeals, STR) also.

(d) For production of genetic maps, the AFLPs, may also be used. Technique of 
AFLP has the features of both RFLP and RAPD and it is more advantageous and faster 
technique for constructing genetic maps.

Cytogenetic map
They may also be called as cytological maps or chromosome maps. When genes 

are assigned to specific chromosome arms and their distances from the centromers are 
also shown, then the map is known as a cytogenetic map and the technique is called 
the cytogenetic mapping.

A cytogenetic map makes possible to locate concerned genes, not only on a 
specific chromosome but also on the specific regions of this chromosome. Cytogenetic 
mapping is generally better used in case of those organisms which have larger 
microscopically observable chromosomes.

There are different techniques which may be employed for construction of 
cytogenetic maps. Some of them are given below :

(a) FISH (Fluorescence In-situ Hybridisation) : The technique of in-situ 
hybridisation involves the detection and location of desired sequence of DNA directly 
inside the cell. When in situ hybridisation involves labelling with fluorescent 
molecules, then, it is called as fluorescent in-situ hybridisation (FISH). By using 
FISH, the genes can be located on the chromosome within the cell in correct order and 
thus provide a cytogenetic map.

(b) RFLP : The cytogenetic maps can also be prepared by using molecular 
markers like RFLP. In this approach, RFLP locus is located on the specific regions of 
particular chromosome.

(c) Use of somatic cell Hybrids : The somatic cell hybrids having chromosomes 
of known identity have been used successfully for preparation of cytogenetic maps 
preferably in humans. For example, the man-mouse somatic cell hybrids have resulted 
in mapping of genes on human chromosome to more specific regions.

1
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Physical map
These maps represent the correct order of genes on chromosome and (hey arc 

based on the physical distances between genes or between a gene and the centromere. 
In a physical map, distance is never given in centiMorgan, instead, it is given in terms 
of number of base pairs between the genes.

Physical maps are considered as more accurate than genetic maps, fhey ultimately 
result in obtaining the entire sequencing of whole genome and that too with the 
knowledge of physical distances between genes.

Ucstriction Mapping : It is a type of physical mapping because in it, distances are 
given in terms of base pairs. It is a successful technique for mapping the prokaryotic 
genome. Preparation of restriction maps involves the use of restriction endonuclease 
enzymes which cleave the DNA at specific sites. To prepare a restriction map. one or 
more restriction endonuclease enzymes are used to cleave DNA at different sites (Fig.
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Fig. 9. Construclinn of restriction map : cleavage of DNA by two restriction endonuclease enzymes into 
fragments which are then electrophoresced.

As a result, DNA fragements of varying lengths are obtained. The sample having 
such DNA fragments of different size are then subjected to a technique called gel 
electrophoresis for separation. Consequently, a series of bands is obtained on the gel 
where position of bands depends on its size. This gel with different bands is then 
calibrated with the help of DNA fragments of known lengths, to obtain the sites of 
cleavage. These sites of cleavage are then identified and mapped together to produce a 
complete restriction map.

Different techniques for preparing physical maps are :
(a) ISH (in situ Ilybriilisation) technique : It can be used for physical mapping, 

this has been successfully utilized for obtaining physical maps in lye, wheat and barley. 
An advanced technique FISH (Fluorescence in-silu hybridisation) can also be 
employed for physical mapping.

(b) Physical mapping can also be performed by using chromosomal aberrations 
like duplication, deletion and translocation.

(c) Physical maps can also be developed by using a mapping reagent. The 
mapping reagent is actually a collection of DNA fragments spanning a complete 
chromosome or the entire genome.

K illgc^lA digest
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(d) The technique of chromosome walking is also helpful for developing physical 
maps. However, this technique is not of much use in case of higher eukaryotes due to 
the presence of highly repeated sequences.

(e) Using YAC (Yeast Artificial Chromosome) has also proved to be of great use
for physical mapping of Drosophila and human beings. ^ ^
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2.7. SJGNIFICANCE OF GENE MAPS
1. Gene maps play an important role in the researches related to plant as well as 

animal biotechnology.
2, Genetic and physical maps are important for the Human Genome Project

(HGP).
3. -. Gene maps aid the genetists to study phylogenetic relationships and 

evolutionary patterns of organisms.
4. These are helpful for characterisation of genetic resources and estimation of 

genetic diversity.'
5. Gene maps have enormous utility in crop improvement programmes.
6. They may provide an extra aid for solving the problems related to a number of 

harmful genetic disorders in human beings.

2.8. CHROMOSOME WALKING
Chromosome walking is an important aspect of cytogenetics. It is a method for 

analysing long stretches of DNA. By using tJiis technique, large regions of 
chromosome of about 1000 kb length can be easily characterised. In contrast, the 
conventional cloning methods or PFGE (Pulse Field Gel Electrophoresis) etc., can 
characterize only about 100 kb long segments of chromosome.

Chromosome walking is done on the DNA fragment containing the gene of 
interest. The process starts with a known gene present near the gene of interest on the 
DNA fragement. For chromosome walking, clones of interest are derived from the 
genomic library. During chromosome walking, the end-piece of a cloned DNA 
fragement is subcloned and is used as a probe to recover another overlapping clone 
from the genomic library. Restriction mapping of such overlapping sequences may be 
used to construct the original sequence of DNA stretch under study.

Probes : These are the labelled DNA or RNA molecules which are used to 
identify target genes or molecules.

Subcluning : The cloning of a clone is called subcloning.

2.9. STEPS IN CHROMOSOME WALKING
(i) First clone of interest is selected from the genomic library after identifying by a

probe.
(ii) A small fragement from one end of this clone is subcloned.
(iii) 'fhis subcloned fragment is now used as a probe and is hybridized with other 

clone from the genomic library.
(iv) Now, the second clone hybridized with the subclone of the first clone is 

identified due to the presence of overlapping region.
(v) End piece of the second clone is then subcloned and used for hybridization 

with another clone from library.
(vi) Again, the third clone hybridized with the subclone of second clone is also 

identified due to the presence of overlapping region.
(vii) This process of subcloning and probing the genomic library is repeated to 

recover overlapping clones until the gene of interest is reached.

■i^
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(viii) Restriction maps of the overlapping clones may be constructed so as to get 
the entire sequence of original DNA stretch (Fig. 10).

------ 1 Begin.s with
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Fig. lU. Steps in chromnsome walking.

2.10. APPLICATIONS OF CHROMOSOME WALKING
1. This technique is used successfully for the characterization of large regions of 

chromosomes.
2. Chromosome walking is applied for the identification of specific genes.
3. It can be used for the isolation of specific genes also.
4. Chromosome walking is a technique which is frequently used for the 

preparation of genome maps specially the physical maps.
5. it is of great importance for the identification of genetic disorders in human like 

cystic fibrosis, mu.scular dystrophy, etc.

2.11. LIMITATIONS OF CHROMOSOME WALKING
1. This technique is time-consuming.
2. It is a laborious technique.
3. It requires the construction of a genomic library.
4. Jt is usually difficult' to perform chromosome walking in complex eukaryotic 

genomes like those of human',beings because they carry highly repetitive sequences. .k
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1.12. STUDENT ACTIVITY Transposabji; Elements, 
Techniques of Gene Mapping and 

Chromosome WalkingI. Discuss the techniques of gene mapping.

2. What do you mean by chromosome walking ? Discuss its steps.

1.13. SUMMARY
Transposable elements are certain genetic elements which move from one site to 

an entirely different site in the chromosomes. Presence of transposable elements was 
first predicted by Barbara McClintock in maize and called this phenomenon as 
transposition. She called these elements as the controlling elements. Alexander Brink 
called them as transposable elements. With the discovery of this phenomenon in 
bacteria these elements were called as transposons. On the basis of transposition 
mechanism varius types of transposon for e.g., cut and paste transposons. replicative 
transposons. etc. are recognized. Transposable elements may change the functional 
characteristics of genome, may cause mutation and can make positive contribution in 
evolution. Transposons may also be used as genetic markers while mapping the 
genomes and in gene clonnging, they are also useful as cloning vectors.

Gene mapping is the detailed schematic representation of the position of genes or 
.sequence of interest in a chromsome. It provides details of relative distances between 
these genes. On the basis of strategies gene maps are of three types ; Genetic map. 
cytogenetic map and physical map. These maps are important for ,Human Genome 
Project (HCP). to improve commercially important plants and animals, to study 
phyogcnetic relationship and evolutionary patterns of organisms and provide an extra 
aid for the problems related to a number of harmful genetic disorders in human beings. 
Chromsome walking is a method for analyzing long structures of DMA. This technique 
is used for the characterization of large region ol'chromsomes, for identification and 
isolation of specific genes and identification of genetic.disorders in humans.

2.14. TEST YOURSELF
1. Who studied transposable elements for the first time ?
2. What is the unit of distance in a linkage map ?
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13. Which is considered as most accurate map ?
4. From where are clones derived during chromosome walking ?
5. Name the phenomenon of movement of transposon to a new location.

Plant Breeding. Biotechnology and 
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ANSWERS
3. Physical map1. Barbara McClintock 2. Centi Morgan 

4. Genomic library 5. Transposition.

□□□
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