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~ PLANT .q._.mw.wE
The technique of growing of UE CULTURE
_::_‘_9: medium under aseptic m:m.w%hw_u

intrad Y culturing the cells or tissues or an organ on“artificial
nc_E_‘m was introduced by G, Haberlandt

ent i w
; SHH_M nm:ma as “plant tissue culture”. Plant tissue
c Information to form new celis THias e first time in the year 1905. Each plant cell has
ocess of production of new u_m.:w _Mq__::m.aa capacity of the cell is known as “totipotency”’.
sue culture technique consists of m“«nmﬁnﬂ_vm_ q._—.ﬂn:m:n medium is known as in vitro culture.
1, Preparation of cult : e
3, Preparation of mxuﬂmﬁama_ca 2. Sterilization of culture medium ’

5 S

4, i .

5. Incubation for the growth Inoculation of explants on to medium

6. Transfer of acclimatized plants to the pots.

genet
1he Pr
plant tis

4, Pre aration of culture medium:

culture medium is the mij i :
ixture of various essential nutrients in required proportion. Medium

3 § - | consists of inorganic compounds organic com i
. : oldifying agent. pounds and growth regulators. Agar 1S used as
organic Compounds: Vari : )
- |2 H:m Mt et mcm: Various types of inorganic nutrients are essential for the growth of
: i tissue- ch as N, P, K, Ca, Mg, S and micro elements like Fe, Mn, Zn, Mo, B are
s . M

essential for the growth of plant cells.

b. OF anic Com ounds: Organic compounds which added to the culture medium are amino
acids, vitamins and carbohydrates. Glycine is the most commonly used amino acid. Thiamin (Vit

: r | -B,) s the vitamin more frequently used in tissue culture. Sucrose is more commonly used
) carbohydrate. The culture medium is also fortified with coconut milk, yeast extract and fruit juices
BB | (tomato and water melon). Coconut milk provides cytokinins. Yeast extract provide nitrogen and
8 vitamins.

. Growth regulators: The culture medium supplemented with growth regulators like auxins,
gibberellins and cytokinins. Auxins induce cell division and root formation. Auxins like IAA, 1BA,
TISS UE nc—l--c—ﬂm AND w—o.—-mn—.— zo—lom< NAA and 2, 4-D are most commonly used in tissue culture. Gibberellins are rarely used. But GA3

is used in shoot tip culture. Cytokinins induce cell division and shoot differentiation.

) A medium with inorganic compounds, vitamins, Sucrose and without growth regulators is

called as minimal or basal medium. The minimal medium which is added by amino acids and

growth regulators is known as artificial medium. All the constituents are dissolved in distilled

water, the final pH of the medium solution is adjusted to 5.6 to 6.0. Agar - Agar is used for the
solidification of the medium.

According to the purpose; the medium may be taken in test tubes or flasks. These containers

have to be closed with non-absorbent cotton plug to facilitate the exchange of oxygen and carbon
dioxide. 3

2. Sterilization of the medium: : . : .
The medium is richin nutrients. Hence a <mzmn.< of micro oamz_ﬂ.:m mmvmn.@z .amn.ﬂm:m m.:a
fungi grow and spoil the medium: Therefore the medium needs to sterilize. Sterilization is carried
out by different methods. However; autoclave sterilization, 1S most .n.oBBo:Z cmwa. Autoclaving
at 15 Ib (pounds) pressure GNHoQ for 15 minutes completely sterilizes the Bma._ca.

| Culture vessels are first sterilized with 95% ethyl alcohol and n.:m: wmv.n in o<mw Wn 160 -
i 180 for 3- 4 hours. The plant material Amxn_m:@ is émmqma ﬂ.so.aco:z with a liquid (eg. 5% Amm.vo_,v
for 15 minutes .:..m: itis thoroughly washed with sterile distilled water. After that, the material is
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zed with sodium i \K\\!\\\\i\\‘l‘/

chamber is st hypochlorite and sterile distilled water, The inner surface it

. erilized through UV radiation. 4
. Explant Preparation:

Any plant part which i ;

Bt orthe pibnt wch m:m_nhu_mncwma as inoculum to grow the plant in vitro is called “explant”. Ap
S 1 le} . " . s )

can be used as explants. , stem, shoot tip, meristematic tissue, parenchyma, anthers etc t

4. Inoculation of explant on to medium:

The transfer
of s ili
surface sterilized explants on to the medium is known as inoculation

Inoculation i i
n is carried out withi N i i i
ST hin a ‘laminar air flow chamber’ which maintains the aseptic

5. Incubation for growth:

Inoculation

=

Plantgrowing pot

B=

B—

=

surface
e sterilization
flow b
— e —
Cultared plant ~ Plant part cut into pieces

After inoculation, the culture Vi i ;
: essels incubated in culture m w Visio

j ro i isi
maintenance of ideal temperature (25°C), light and humidity. ° ek S

When cultures are incubated for 3-4
-4 weeks, the cells of th
gl e ' e explant abs i
m:oss i .Mnmmﬂmo .‘mum.mn.mq divisions to produce a proliferating ::nﬁmqm:zmmqw g el
Ko us’. On minimal/basal medium only callus will be produced. Call e nm.__m
, shoot and thus complete plants. This process is known as _o_.nmaommrmmmmrwm Mo_._.: afoprsilie
. Generally auxins

induce root formation and cytokinins shoot formation

6. Transfer of acclimatized

The plants thus developed from the ex
. plants are acclimatized a
plants are washed with water to remove medium. These plants are n:m,::mqummﬂwﬁmqmma Gl
rred to pots. Thesé
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no<m_‘ma with polythene bags
nd strond plants are thap :mm:w m
nsfer

ae

o aintai
ned a ;
t room temperature for one to two weeks.

ved to lar,
ge pots containing the mixer of common soil

ﬁ M
| CRO - PROPAGATION

{ . lication of geneti
| _,\E_cn:nm genetically ident;
2 n X
H .anqolﬂqocmmm:o:.. mmzm_.m:,\gnn_m_ copies of a plant through in vitro clonal
in vi jon i
o seeds through sexual auaacngwsm_ Propagation is used to uSVHmn ﬂmwﬂuﬂmm ﬂm.acw: _mﬁ
n. Plants like apple, potato and o_.Mmamw_nE _n, :Mm :..._wm
/ plants a

: :m_%ma ghrough this method. This meth
, o )
ﬁ d was first proposed by G. Morel in the yearl960."He

hod for the ;

this met production o

mma rnamental

w00 15 £ produce more plants in limited ﬂ.._awwﬂm such as orchids. The main objective of this
space. )

Plant growing in pot

cro n_‘ovmmmn..o: involves 5 stages. First stage involves the selection and growth of stock plants
about 3 monthsunder controlled conditions. In second stage, selection and culture of*appropriate
ntona suitable medium is achieved. The most commonly used explants are shoot tips and
puds. The chosen explants are surface sterilized before use. Third stage involves the
formation of callus from the cultured explants. In fourth stage, medium is to be supplemented
with oas;: regulators. In general auxins induce roots and cytokinins induce shoots from the
allus. Last stage involves the establishment of regenerated plantlets in the sterilized soil within
the pots. This is followed by transferring the plantlets from laboratory t0 green house. plantlets
are maintained in the green house for few days. During this period plantlets pecome harder and

aclimatized. After that the plants are cultivated in the natural environment.

for

axillary

Advantages:
The technique of m

\egetative propagation: Micropropagation h

Benefits:

1. Alarge number of p!

exported to other countries. ‘
n be am<m6nma through micropro

.Qou_‘oum@mco: is an alternative mno_.omn: to conventional methods of

as more penefits.

ants can be n_.oacnma within @ short time and space throughout year and

pagation. Disease free plants can be

2. Disease free plants @
produced through shoot tip culture.

| i \
: ifici ced through the encaps\
>_,n5n_m_mmmn_mnm: o U_‘oa: cauliflowern onion.

se jc variatit e -
e cm:mg qoa%ma through Bﬂnqoo.,oomomco: within \imited time, space
anbe all room by utiizing

More number of U_m:nm Ci ' onts can be U_.oacnma in a sm
and with low investment:
limited human resource®:
5 Now a day's automatizatio”
shoots and bulbs " micro Pro

ation of axillary puds. These synthetic

-~

he development of plants especially
e cost of labour component in




@ Test tubes are incubated at 25° C in the dark.
Applications:

. ; . )
Root cultures have increased our knowledge of carbohydrate metabolism and role of*mineral

@ Root cultures have provided basic information regarding the dependence of roots on shoots

2. LEAF CULTURE:

micropropagation.

ORGAN CULTU RE

Culturing of plant organs on nutrient medium is called organ culture. Organ culture py,

: v
an excellent opportunity to define the nutrients and growth factors normally receiveq Idgg
organs. ¥ thy

On the basis of the origin of the explant, organ Culture call

be categorised into djf,
types, which are given below. k-

Organ Culture

Vegetative Organs Reproductive Organs

ovule Anther Pollen Embryo

Ovary Culture  Culture Culture

Root  Shoot-ti Leaf
OO HpSE Culture

Culture Culture ulture

VEGETATIVE ORGAN CULTURE
1. ROOT CULTURE:

: Root culture can be defined as the culture. of excised radical tips of seedlings in a liqui

Smu_:a.wgn tips of the plants are not suitable for culture because the roots of the v_m_:nca,
buried deeply in the soil. Root tips are very sensitive to disinfectants. So it is better to avoid mﬂm
surface sterilization of young root tips for the establishment of root cultures. Root cultures can UM

successfully initiated from the excised radical tips of aseptically germinated seeds.

e o
Seeds are surface sterilized and germinated on moist filter paper at 25° C in the dark
* i i :
When the seedling roots are 20-40 mm in length apical tips are excised with help of“scalpel.

‘ . . -
Excised root tips are transferred to liquid miedium contained in test tubes

jons, vitamins etc. in root growth.

for growth regulators.

is known as leaf culture.

s =

Procedure: Detach the vegetative bud or very young leaf from sho
thoroughly with running tap ‘water. Then vegetative bud or young _Mw apex. 2%
with 70% ethyl alcohol for 30 seconds. This is followed by 10-15 .<mm mﬂ.m mcmmmm m.nm:__Nma\
sodium*hypochlorite. Excise the leaf primordial from the bud with the :B__JSmm _:nccmn_os._: 0.8%
the"leaf primordia onto solidified medium in test tubes and incubat Sk
16 hrs photo period. ate the cultures at 25° C under
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Culture of excised young _mmﬂuzioq&m or young leaf of the shoot apex on nutrient medium

Wash the explants

noculaté

and el 10ns on leaf ¢ re valuable to study the effects of owth regulators
" 5HOOT TIP (MERISTEM ¢ evelopmen. s
ULTURE) CULTURE:

The culture of termi
4 nal portio .
.‘.Boa_m is known as shoot tip nc_E_.:m of a shoot comprising the meristem together with leaf

- 5 In vit
pairs of the leaf primordia is known mﬂ vitro culture of shiny dome like structure with one or
. meristem culture.

P
two
ocedure:

PIO——
o Select and remove the you :
young twigs from a healthy plant. Cut the 1 cm tip portion of the

ném.,,mc%mom sterilizes the shoot ti
; 0 i ol
shoot tips washed with sterile &M M____ummac&mﬁmnwgns: in a sodium hypochlorite solution. Then

o Transfer the shoot tips ili ’
Ps to a sterilized petri dish and remove the outer leaves from shoot tips.

Transfer the shoot tips on ol
light at 25° C. Ps onto agar solidified medium and incubate the cultures under 16hrs

e Assoonas the shoots obtained from th i ;
e shoot t i transfer them
o hormone free e v ip or meristem, develop roots,

o The plantlets formed from shoot %..n.oh are later transferred to pots containing compost.

.

>mm=nm$o:m"

1. Virus free plants can be produced through shoot tip culture.

2. Shoot tip culture of many plants can be used for micro propagation.
REPRODUCTIVE ORGAN CULTURE:
1. ANTHER CULTURE (POLLEN CULTURE):-

Anther culture is the culture of developing anthers isolated from c:ovm,:ma flower buds on

a nutrient medium. Pollen grains in the anther are haploid. During culture, pollen grains divide
mitotically and produce haploid callus and haploid plantlets. The technique of culture of uninucleate ’
pollen grains on nutrient medium is known as “pollen culture”.

Procedure:

Procedure:
4 The young flower puds 17-22m

“in 70% ethanol for 10 seconds then

buds are washed with sterile distilled w

m in length are collected and surface sterilized by immersing
in sodium hypochlorite for 10 minutes. After that flower
ater.and transfer into a sterile petridish.
‘spli bes are
i forceps the buds are split open and anther 10
» f sharp SC &l .
s sm_% “v_mnnma vm:%m,‘ lobes are placed into agar solidifies medium. The cultures are
mmxm: o ompa -28°C in dark for 3-4 weeks. The :mgo‘_a plantlets develop, comes out by
_Mnc_“.m nman:mn anther lobes At this stageé the cultures areé incubated at 240 -28°C under 14 hrs
ursting the .
light.
# Pplantlets are removed 21

alpel and using

d mcc-nc_nc_‘mn on suitable media for further and root development.

out 50mm tall, removed from the medium and washed with tap

b
& When the plantlets ar€ @55 " © i\ pots having compost.

water and then n_‘m:mﬁm:ma to

Applications: :
an be o_‘oa:nma z:oca,s anthe

1. Haploid plants ©
used in om:mn._n qmmmm_‘%mm.

r culture and pollen culture. These haploids are




ating the number o?n:SBOwoamw o
. ALLys
CULTURE

ploids by duplic
can obtain varjq gLL CULTURE:

2. Haploid are used to produce homozygous di
g time and

3. By producing the haploids, reduce the preedin

genetict*combinations.
2. OVULE CULTURE:
In vitro culture of isolated ovules from the ovar
called as “ovule culture”.

defined nutrient medium g

y on chemically

and collect ovaries,

Procedure:

androecium etc.
e ovaries with sterile distilleq

¢ Collect the open flowers. Remove sepals, petals,
jon. Then rinsé th

O Wy
I R /
WO

3
Rl AN ZANNN

¢ Soak the ovaries in 6% sodium n:_o_‘&m solut
a by breaking the funicles at
o agar solidified medium or

water. .
poon shaped spatul

s are transferred int

@ Ovules are gently prodded with the help of
5o C for under16 hrs light.

its junction with placental tissue. Later ovule!
liquid medium. Incubate the ovule cultures at 2

Applications:
1. Virus free stock plants from the diseased .
ryony in Citrus and other plants,

| hyphae. Cultured ovules

plants can be produced.

2. It helps in the development of polyemb
sociation with proper fuga

3. Orchid seeds are germinated only in as
e without fungal hyphae.

(fertilized) of orchids successfully germinat

3. EMBRYOCULTURE:
The culture of zygotic embryos of differen
known as “embryo culture”.

Paper Raft Nurse technique

Tmm<m_ou3m=$_ stages on nutrient medium is

er aseptic conditions is called as cell

; Culture of isolated cells on nutrient medium und
1% mercuric chloride. Wash repeatedly | culture.
¢ cells are isolated from the tissue.
ter paper rafts are prepare
per pieces are placed asep

e filter paper is kpown as
hese isolated cells absorb nutrients

Procedure: :

¢  Fruits are surface sterilized for 5 -10 _,::En,mm in 0.
with sterile distilled water.

n a depression slide containing few drops of liquid medium. .

¢ Remove the pericarp and cut the fruit into two equal halves. The halves are Ucm:mamum_‘ns_s

forceps to expose ovules.

¢ A small incision the ovule followed b

d. For this filter paper is cut into
tically on the surface of

¢ Few day before cell isolation fil
“nurse tissue”.

small square shaped pieces. These filter pa
growing callus. The callus which supports th

¢ Theisolated cells are placed aseptically on filter paper raft. 4 ;
and growth factor essential for the cell division from the nurse tissue.

¢ The whole cultures system is incubated at 25°C Ea,mﬂ Hm:..mv:o"ovmzoa.oc
nm__a._<.m._o:wm_‘m._ jated and as @ result cell colonies are formed.

jum. Gradually fr
¢ i nsferred onto culture medium
g e e originates from a single cell is calle

¢ The fruits are kept i

y slight pressure with blunt needle to free the embryos.
ring this period

ishes containing mediurn. Usually 5 -10 embryos

om these cell colonies

¢ The excised embryos are transferred petri
d as “single cell

are cultured in a petridish.
d with cello - tape. The cultures are incubating at 25°C for under16

¢ The petridishes are seale
hrs light. Gradually the cultured embryos are developing into
ay plantlets. The plant-lets aré i
transferred to pots containing compost and kept in green house for mnn:Bmszﬂo:. " calluses are formed. A callus uss
Applications: clone”.
P - A
1. Seed dormancy can Um.qmaoéa through embryo culture. b vr.un>._,nozm. used for the development of single cell generated clones.
2. Metabolic and biochemical aspects of seed dormancy can be understood. N - Single cell cultures are o s_wo_m plants from the callus formed by single cell cultures.
|2 Itis possible to regenera® tations
seful to study the mutatiohis:

3. Abortive embryos can be rescued and made to develop into plants
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-—::a method: In this e

i thod
llulose, pectinase, Emnmqou«\am.m_m.u.“,_.%«mm_._mﬂ_ﬂ:m digested by using enzymes like cellulose,
d fr S in the releasing of protoplasts.
ells, pollen m om an
ﬁm%_i__ cells, Polen. mother cells, pojjep, «mﬂu art of the plant body by this method. HOWEVer
" cess of protoplasts isolation; rads are most suitable for this method.
rmm<mm are surface sterilized, For E._m %
Sm,\mmmansmssmmsmnz._gmaz_m disil

B T s e e

‘\!‘\I‘\.\.\\\‘I‘I//

2. PROTOPLAST CULTURE:- .%32%_&5 can be isolate
The in vitro culture of isolated protoplasts in nutrient me
Procedure: The protoplast culture explained in phases:
A) Protoplast isolation phase, B) protoplast culture piE=S e
A) Protoplast isolation phase: protoplasts are isolated from the ui_m:p :m.q_,_._om....:vqoum_. Care hi
should be taken during protoplast isolation, remove the cell wall without damag :npwom concerngy gmall .m:a thin m_u_a.mqam_ Pieces are separated ia
cell or protoplast. For this the tissue ot cells are placed In @ hypertonic $2 1ok mannitg|) Leaf v._mnmm are mcgmn.ﬂma to plasmol e U e
before remove the cell wall. As a result cells are subjected t© plasmolys!s: pecarss .oq this, cq Bw::_no_. Later leaf pieces are subj
walls apart from the protoplasts. This process protects the cells and protoplasts. This results j,

dium is called as protoplast cultyy,

"

ethyl alcohol is used.
led water.

=

= =

MMM%< placing them in chemical mixture containing 13%
pbove |eaf pieces are transferred int to shaking, using water bath shaker.

osmotic stability for cells. In this condition protoplasts are usually released from the cells. 5 pieces are incubated at 25° C for 24 ﬂ%r”__.me mixture (pectinase/cellualse) after At
) . ocess. They a mixture in the above Tt ’
Two methods are following to isolate the protoplasts by above Pr VASTS . .:._mﬂo |asts are separated M.mmn:o: is filtered and subjected to centrifugation (100g/m)-
1) mechanical method 2) enzymatic method |1 _w%mqnnaﬂou_mmﬂm are u_mn%ﬂ_wﬂmﬂsa of centrifuge tubes and purify with sorbitol solution.
e S 0, 1
1) Mechanical method: In this method protoplasts aré isolated ?0.3 the u_mmao_.ﬁma cells by e  futlon IS oncergaln mcu,mﬂmaﬂo E mo.:ms? )
dissecting the cell walls. Compound microscope and cutting tool is used for this technique 8 _ted with the help of pi Jected centrifugation (200 g/m). After that, protoplasts are
: 4 P . I : separd p of pipette. Finally these protoplasts are transferred into cultured
Protoplasts are released from the opened parts of dissected cells. medium. :
This method has the following limitations.
1) This method is laborious and tedious.
2) Protoplast yield is very low. i
3)Itis restricted to certain tissue ‘and not useful for meristematic tissue and immature cells,
4) This method is not convenient to larger actions.
g kst ® @ |3
| 2 Pectinase & Cellulose @ ) 2
5 ) A@@ g
mw ( Mo%&.;% .m.w
2l DR Q IS : -
Ne )] 2,
D@ A ®A SN
)5 ) @ Ox
Q@7 E Yoo
Vn»@)\ AN o @\/@@\
Ol s DGO,
: Tsolated protplasts ‘@ (o) /\f@ !
(% _
.@
: atic method
Isolation of anc—smﬁ by Enzym
o ¢ Blfiratoplast culture tured in various methods. In which usually most frequently
u
. " : ! : toplasts are CUT™
Isolation of protoplast by n Isolated pro echnique.
protop y mechanical method used method is m@m?macma&:@ v

ion | {quid culture medium having
. . | spension 1S added to the :e.: |
i a) Piece of plant tissue b) Plasmelysed cells An equal amount of Eonou_mmn susp petriplates. The technique of ma%_.:no:coﬁ %Mwﬂmmww
numvm:nsmwow cell _(é: :_mam compound microscope, scalpel agar. Protoplast -agar B,xncmﬂwmwa is called plating. ?M above Mﬁwﬁm% ﬁwn Mq w _. nm Gt
. e.f) State of protoplast release  g) (1) Em suspensi solidifi . R [
f :w Isolated protoplasts (1) Empty cell  (2) Proto plast : m<mﬂ_< w%ﬂ:nww mnﬂm nm:.._c_mﬂmm. efore S._m<mnma. et the e s e Pt

Mixture is solidified and petr!
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under light. The cultures are repeatedly sub cultured in regular _:E_dm__m.._ ﬁ_.wo n__m<o_o§s
changes occur in protoplasts in cultured medium have been ocmmlan_ with _ﬁ,mp help of ¢
microscope. Protoplasts gradually develop ¢ wall and :.u:,,& ‘ms _._:o n_nWB_u“ e _o cells, These
are called regenerated cells. Later, these cells divide, redivide and form vnm nmnﬂs mw. These
are sub cultured on agar medium to produce nNew cultures. Callus formed i MUY
induced to produce roots and shoots.

entg
OMpg

ang
Ung
Ce||

no_o:_mm
Staga g

Protoplasts - Cell colonies Plantlets
without cellwalls growing on cellus

Protoplast culture - Advantages: Protoplast culture is considered as one of the major
breakthrough in plant sciences. Protoplast culture is used as important experimental tool in various
researches and observations related to biology. S ) i

CALLUS CULTURE

hm.:cm means an undifferentiated, unorganised E‘o_qm_.mnma mass of cells. Sometimes callus
or callus like parts may be formed in various parts of intact plants either due to wound or disease.

Callus, which is important to plant tissue culture, is produced experimentally from the
explants. Any small excised portion of any part of any living healthy paltn is described as Explant.
The explants are cultured aseptically in vitro under controlled conditions on a nutrient medium
containing specific phyto hormones. These explants in culture, gradually develop in to large
unorganised and undifferentiated, bodies with large group of cells. Such undifferentiated part is
called Callus.

Procedure :

Excised plantparts called explants are taken and washed with v_EcE detergents (5% V/V -
Teepol). Then the explants are surface sterilized by chemicals like'Hg Cl, or sodium hypochlorite
for 10-15 mts. and rinsed with auto claved distilled water. Such mnm::NmM explant material is cut
aseptically into small segments. These segments are transferred asepetically on a suitable nutrient

medium (which is m:E.ma.nmn to sterilization by auto n__m<m at 15 Ibs pressure for 15 mts) is used for -

the induction of callus tissue.

. The above incubated Agar culture medium is transferred fi

! nally to the i i [ture
rooms. Incubation should be a.o:m under controlled physical no:n_Eon mmMm__,Mn_“_chw_M: nMcMOQ\o
relative humidity, and 259¢C + 29C Temperatures are considered ideal for callus w\osn:a Dark or
Nighl; GoneiionJsiproyided depending en the nature of the plant material v:oﬂowmnm:amzn plant

[C N
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p after incubation, aftey

| "

mﬁm.‘_m_ normally require 16 bree
; 0 Perigq
he caj) y
erred directly on to fr allus formay;
_”Mm,:mn_ by serial mccnc_mnm:ﬂ Nutrignt sm&:qﬂsﬂwz. portions of callus tissue are removed and
2 es, : continue be
m Generally, growth. These callus cultures can

n. But Car

’

different
Plant tis
ues

an_o d Bm._:_ﬂoﬂ,,_.oo.uw:mqm :E:Z mumn._w_m _Msm_,.< plant, species can be used to induce callus
15 nmmn_‘_cm ¥, "Thro” the carrot root cfor callus Cultures. Generally callus Culture technique
rtance of callus culture ; Culture, which is taken as a typical example.
callus Culture plays litt|e e
ther experimental fields, which help BH

of nom_m.
Callu

Pared to other culture methods. But it is used in many
Ny areas of biology, to achieve the respective objectives

s culture shows j
Its importance in certain areas like the following

certain manipulations in th ]
. phenomena like plant _.m@mnm nutrients and hormones of callus culture medium help two
regenerate whole plant in _mﬂMM_os [PR] and somatic Embryogenesis (SE). It is possible to
i j ; number fro i be produced
directly from the somatic cells of callus zmmcﬂﬁwmm_ucm tissue (PR) Embryos can e p
5, Cell suspension culture can be initiated from callus culture.

g Callus tissue is considered as a good source of Genetic variability. Plants with genetic variations
can be regenerated from such modified callus cells.

4 mmno:.n_.m ry metabolites of commercial value can be obtained from ccallus cultures. Direct
extraction of a secondary metabolite or a drug from the callus tissue (ie used as source for
such materials), is possible. ‘

ORGANOGENESIS

0 Organogenesis means the development of root, shoot, leaves, flowers either directly from an
explant or from the callus culture is known as organogenesis.

O In this organogenesis process formation of plant organs occur through either meristematic or
non meristematic tissues.
Q In this process several tissues are organised together to form an

shoots; flowers & the vascular system.
Q In plant tissue culture inducing o_‘om:oom:om._m is an important way to regenerate plants from

the culture. -
QO Organogenesis in plant tissue culture involves two distinct phases.

They are
i. Dedifferentiation
i) De: <tion : Dedifferentia
(i) Dedifferentiation : Dedifferen
more a._m“m_‘m::mnma to less a_mmﬂm:zmﬁma mnmnm.. s
This process pegins shortly after the isolation of the explant.

formation of callus from the explant tissue with accelerated cell division
In this process: or
onnc_.m.

organ, such as leaves, roots

ii. Redifferentiation ,
tion is @ process by which cells develop in reverse, from a

&mm_.m:smgo: cause the development of primordia from a group of
jon t Re

callus nm__m..
Redifferentiation ma

y time after the first callus cell forms.

egin an
Y% ve to sterilize the explant surface.

first we ha 4
ets free from bacteria.

TELANGANA

A esls process:
Q In this organogen < explant ¢

Q After the sterilization proces
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O Lateron we h . rient medium. C
ave to take a test tube which contain nutrien mgw
” ion of em i om
O This medium consist plant growth regulators (PGR) like Auxins (24-D) and Cytokinins A.A_:ﬁ_i. _“o::mco: g c_Mo 's known RY ENESIS
- the test t ) . \ (=] =
O Now we have to keep explant(cell) in to nutrient medium & close the test tube with Using 4 moamn_n P Omatic cellg

that j

f IS B
cotton. / mo_‘:\_wn_o: of embryo from ngp, m:&éos.zc: €mbryonic cells
. . nn
O It will be incubated 2-3 weeks at 20-25°C. 0 gomatic m_‘__‘__.cn__‘/,_\MMmsmm_m is an art) icial pr €. Vegetos is known as somatic embryogenesis.
O During this incubation period explant under goes repeated cell divisions & forpy gomatic € embryonic ceyj) 9¢€SS in which a plant or embryo is derived from

undifferentiated mass of cells, which is known as callus. omatic embryos are forme frq

' g M plant ce|
O After formation of callus, callus takes major role to form root of shoot system. ’ in the developement of embryqg, 's (Ordinary plan tissue) that are normally involved
O Here shoot development is known as cavlo genesis and root development known ag ) o end0SPErM OF seed coat s formeq 4rq,, ;
Rhizogenesis. : The embryos formed by SOmatic emp Nd a somatic embryo.

. y . 0 )
O Either of both (Shoot (or) Root formation) only one process occurs: gmbryoid is @ small well organiseq Yogenesis (SEs) are called embryoids.

; : s ; T
Q If Auxin concentration is low comparing to cytokinin to the nutrient medium, callus am<m_oUm 0 n.‘ou:nma in vitro from non-zygotic nm_ﬂcn.e_.m comparable to the zygotic embryo which is
shoot system (Caulogenesis) rocess was discov, e
3 This P ered for th
: a § 0 o Reinert (1959). or the ?mﬁ. time in daccus carota (carrot) by steward etal Cwmm.v
o) il ank i i the Nutrient medium, callus devel bach (1978) Classi ] : i
If cytokinin concentration is low comparing to Auxin to Ops |, Kohlen ( ) Classified the embryos in following manner.

root system (Rhizogenesis)

O Here organogenesis will be of two types, they are (1) direct organogenesis (2) indirect
organogenesis. ;

i, Zygotic embryos - There are formed by fertilized egg or the zygote.
ii. Non — zygotic embryos - There are formed by cells other than zygote.

(i) Direct organogenesis : gomatic embryogenesis (SEs) in vitro may be achieved through direct or indirect paths

In this direct organogenesis process callus formation does not occur. Hero directly
explant developing shoot or root system (New Plant)
(ii) Indirect organogenesis :

Explant is @ source material to induce somatic embryogenesis (SES) are very diverse.

There are very ﬁmco:w?m plants. Such as carrot in which any part of the plant can be used
to induce embryogenic cultures. 5

o © — ©

In this indirect organogenesis process cell develops callus, here callus undergoes repeated : ? ’ ; i
divisions, to form root (or) shoot system (New plant) 0 Types of explants used in SEs are immature zygotic embryos or inflorescence, cell suspension
3 culture, petioles or proto plants leaves, stems and also roots can be used for the somatic

embryogenesis process.

Explant —— Organ (Shoot / Root)

Plant 0 Plant growth regulators are very important in plant tissue culture.
. 0 Auxin, cytokinins, gibberellins play very important role in somatic embryogenesis. .
2-4-DNAA has been the best synthetic auxin used for inducing somatic

B i. Auxin -
A embryogenesis. lls to divide with out the appearance of
« , « 0 Continuous supply of auxin causes embryogenic 1S
i embryos. p i dium
Shoot - Callus — 0 So embryonic cells after treatement with auxin must be transformed to mmx_: free medi
« « . that constitute the embryo developement.
Direct RGOt i eI
Organogenesis « ~ Shoot d Indirect i Cytokinins : pryo from initial embryos.
—>lndirec It prod lobular embryo ' tio (High ratio of
plant let .xn«voﬁ Qrganogenesis ) I.u: c~nmm w tokinin than auxin induces shoot formation and reverse ratio (Hig
igh ratio of cy
« auxins) favours. . ] asis.
. tic imbryogenes
Plant let — i, Gibberlins always inhibits the ST
0 ABa it is a inducing agent. event germination.

r
0 ABA promote embryo maturation and p
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Reduced form of nitrogen is the sole source of embryo. formation. Here 3_5.80: SOurce Is ¢
veryimportant in somatic embryogenesis (SEs) and also polyamines, genetype and elecyy
stimulation are few factors which effect the somatic embryogenesis.
Expose of explant to mild electric current of 0.02V DC for 20h promoted m3_u..<omm:mm_m In
alfalfa and Tobacco

Stages of somatic embryogenesis:

Q Here somatic embryogenesis (SEs) always under go initially 3 stages.

They are (i) Induction (ii) Development Maturation

Induction :

he
Ca|

o

I.

ry to induce embryogenesis.
nds on nature of explang,

‘O An auxin particularly 2-4-D is generally necessa
O So requirements of exogenous auxin for induction of SEs depe
Used with relative concentration of auxin.
QO It means that during th
explant. °
II. Development :
QO After reinitiation of cell division and a period of cell proliferation in presence of auxin.
Embryogenesis cells are released in to auxin free Bm&ca. 5 :
O There cells are in the clusters of cytoplasmic cells called proembryonic mass of cells (PEMs)
O So m.inmﬂ the treatment of auxin, the explant should be placed in to the media which is free
from the auxin. Here the cluster of cells which are present in the media they are called pro
~ embryonic mass of cells (PEMs)
Q This PEMs cells will move next stage that is maturation it is a final stage.
III. Maturation : y

QO The quality of SEs with regard to.their am_‘BSmE:Q or conversion into plants is very Uoos.

O This is because the apparently normal looking SE
developement.

Unlike zygotic embryos, somatic embryogenesis do not go through the final phase of

_embryogenesis. Called embryo maturation. Which is characterized by accumulation of embryo

specific reserve food materials m:n proteins which import desiccation tolerance to the embryos.
Embryo size does not increase during this phase. :

e first stage. The initial requirement of auxin should be given to thy

s afe actually in complete in their

O Which prevent precacious germination and promotes normal development of embryogenesis
by triggering expression of genes which normally express during drying:down stage of seeds.
O Somatic embryogenesis achieved through direct or indirect paths.
1. Direct somatic embryogenesis : ;
O In direct path callus formation not occurs.
Here callus formation is ABSENT.

O When embryos are formed directly from explant tissue creating an identical clone without
production of intervening callus. ) .

O The explants capable of direct embryo genesis same to carry competent or pre embryonic
determined cells (PEDCs). .

O Here explant may be Hypocotyl, endosperm, or Nucellus, these cells have pre embryonic
determining cells (PEDCs).

[ CHARAN PUBLICATIONS, NALGONDA
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hese cells are committeq o
i girect somatic oﬂcéomm:mﬂwo develg
Here callus formationis Present g
xplants produced (g
when € ed undifferan:
iated i rentia
Y a_m“wqm:cmﬁm N to embryq, ted mass of cells (Callus) which is maintained or
ﬂmﬁmmn @ﬂOiﬂI.ﬂmoc_mnoﬂm and
mmﬂm«ﬂ:m:mn_o: of embryogen;c
cells QmUmmv.

yantages of somatic embryogeneris:

Pment,

0 S Culture conditio

NS are requi he re
development 1, equired for callus formation and t

ethod called induced embryogenic determined

: vable i i

jt1s'observable, as Its various cultyre conditions can b
Lack of material is not a :5.«:6 factor for i
High U_‘onm@mgo: rate.

moamn_o:m_ variations.

experimentation.

Germplasm conservation,

Labour saving.

glimination of diseases and viruses,

gynthetic seeds can be produced by encapsulating the SE's .
%
e confined to

gililine somatic embryos show very poor germination because of their physiological and bio
chemical immaturity.

3 Instability of cultured cells in long-term cultures is a major limitation in commericial exploitation
and mass propagation of somatic embryogenesis.

ZYGOTIC EMBRYOGENESIS

0 In Angiosperms the ovule contains a haploid egg cell or ovum which is a female gamete gets
fertilised by the male gamete resulting in the formation of diploid zygote.
This zygote u..<mw. rise to multicellular embryo 229 is known as zygotic embryo and the
process must be called as zygotic embryogenesis.
Q The zygotic embryo is formed following ao:c_w fertilization of the ovule, f
embryo and the endosperm which’ together go in to .ﬁ:m seed.
Q In this zygotic embryogenesis process embryos in vitro first de o
O The globular shape of embryo is lost, and it enters to heart shape stage.
Q In this stage cotyledons (first leaves) begin to develop.
Q Dicots have two catyledons which gives embryo a heart
such as maize, only @ single cotyledon emerges.

tlet sta
: e torpedo and plan
Q This process goes through th & long Mmatur tion stage

few species.

orming the plant

velop to globular stage.

shaped appearance while in monocots

ges and requires. 2.5 to 3 - weeks time.

followed by desiccation

; otyledon stag : : ion
O Zygotic embryos 30<Nw=m_n‘mﬂHM nmnwaom protein during maduration and desiseRtionidT RS
and dormancy. It syn S eid (ABA).
is primarily regulated py abcisic acid (
O Later on it develops plant let.
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Zygote

on

Globolar
structure

@L

Heart / Torpedo
Shape

Cotyledon
stage

Preparation of culture medium 2. Sterilization of the medium
4. Root culture

1%
3. Micro propagation
6.

7. Anther culture (Pollen culture)

Leaf culture
8. Ovule
culture 9. Embryo culture
11. Callus culture 12. Organogenesis

13. Somatic embryogenesis 14. Zygotic embryogenesis
e LONG ANSWER QUESTIONS
What is tissue culture? Write about the different stages in tissue culture.

What is micropropagation? Write about it?
Write about root culture, leaf culture, shoot tip culture. :
Write about ovule culture, embryo culture. .

ik,
22
35
4.
53
6. Define and explain Organogenesis?
75

Explain somatic embryogenesis and Zygotic embryogenesis.

@-

Plant lets

5. Shoot tip culture

10. Protoplast culture

What is callus culture? Explain the process and importance of callus culture.

APPLICAT
issue cultur _ozw O—u ..—._m
T e has sey SUE CULTURE

o e ’
acology, medicine, m:<:hw__ aPplicationg in th
ment ang e fields of agriculture, horticulture, forestry,

related i ;
industries. Some of the important applications

1) Production of Pathogen f,
3) Production of stress r .
5) Synthetic seeds, -

1, pROD OH—:OZ OF PATHOGEN FREE PLAN

Generally plants show i TS:
. Iseas i

giseases 1N plants are fungi, Umnﬁm:M_‘mw_mnm.:nm characters naturally. The pathogenswhich cause

capacity of plants by destroying piy and virus. These pathogens inhibit the disease resistance

cauised bY the pathogens can be no:g_‘, n— tissues and express the disease symptoms. The diseases

py the chemicals and thus kill the c_om_q”a by disease controllers. But the viruses are not controlled

n_m:ﬁ tissue culture. e ;mqmmo_.m‘ virus free plants can be produced through

€ plants

esistance plants 2) Production of somaclonal variations.

4) Production of secondary metabolites.

Generally, meristematic ti i m
yirus free _u_m:nm\nm: be uaa,__mwwmnﬂﬂmh,:sﬁ e Dl e i hate
shbot tip cult irus i :
pMethods to revent virus: B |

_uo_Joi_:u four methods are used to prevent viral diseases:
i) Heat treatment ii) shoot tip culture iii) Using chemicals iv) In vitro culture method

i) Heat treatment: Shoot tips or buds growing for the production of virus free plants are treating

with 35 -40°C temperature by placing them in hot water or in hot air to kil virus. But most of the
viruses show resistance to temperature. Plant tissue dies at high temperature. This method is
used for only few plants. .
ii) Shoot tip culture: Meristematic tissue of a health plant or virus infe
from virus. Therefore, Virus free plants can produce through the culture of s!
on suitable culture medium. v

. iii) Chemical treatment: Virus can be preventing by using few ty

iiil
Virus free plants can produce by reducing the concentration of cyto
cylic acid in culture medium.

of antibiotics like thiouracil, acetyl sali

iv) In vitro method: Virus free u_m.:ﬁ can produce through other in vitro methods apart from the
shoot tip or meristem culture. In which callus culture is most important one. In callus culture,
pathogen free tissues are selected as explant and culture on medium. Identify the diseased areas

in callus and select the virus free cells for culture.

2. Somaclonal variations:

The genetic variations
The plants derived from such ¢
advantages which are not found in p
resistance and stress resistance can be

cted plant remains free
hoot tip or meristem

pes chemicals in culture medium.
kinins; auxins and the addition

ro cultured cells are called as somaclonal variations.

to as somaclones. These plants exhibit some
seful traits like disease resistance, herbicide
al variants. There are many factors to
t of genetic heterogeneity (change

found in the in vit
ells are referred

arental plants. (V]
seen in somaclon:

nes occuras a resul

nt tissue culture.
errations like polyploidy, euploidy,

f lo
oceur somaclones in culture: Mainly somac

in pla
in chromosome number and/or structure) _.s pl e
The genetic changes associated with somaclo
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aneuploidy, translocations and inversions.
Isolation of Somaclones:

Two methods used to produce, isolate and selection of som

i) Without in vitro selection. ii) With in vitro selection.

Without in vitro selection: Explant taken from the stem or leaf or root is cultured on suitable
medium supplemented with growth regulators to produce callus. The c:oam.:_mma callus sub
cultured and transferred to shoot induction medium for regeneration of plants. The plants so
produced are grown in pots under green house conditions, transferred to field and analyzed for

somaclonal variants.
Somaclonal variants of s
Eg: potato, tomato.
ii) With in vitro selection: This method basically in
cultures like micro organisms and selection of mutant:
are resistant to toxins or inhibitory substances or survive
- The callus obtained from an explant is exposed in the medium to inhibitors like toxins,
Selection cycles are carried out to isolate the tolerant callus
btained are tolerant against

aclones. They are:

everal crops have been successfully obtained by this approach,

volves the handling of protoplast, callus in
s. Somaclones obtained from this method
under conditions of environmental stress,

antibiotics or amino acid analogs. }
cultures and these calli are regenerated into plants. The plants so o

inhibitory substances.
Uses of somaclones:
Salt tolerant somaclones have beel

n developed in Tobacco and Maize.

i3

2. Seed quality is improved in the seeds of Lathyrus sativa.

3. In tomato quality fruits have been developed. A:m..mm fruits contain high amount of mo:,a state.
These tomatoes are known as super- tomatoes. ; ]

4. Disease resistant somaclonal variants have been developed in many plants. Eg: paddy, wheat,

apple, tomato etc. ..
3. Production of stress resistant plants:
Development of biotic and abiotic stre

increase food grains productivity. The plants growing i
known as salt tolerant plants and the plants resistances to herbicide

ss tolerant plants are of immense importance to
n soils with high salt concentration are
s are known as herbicide

tolerant plants.
a) Abiotic stress: The pH of the crop lands is different. Crop plants have to tolerate water stress
< in the soil like NaCl, CaCl, Na,ZSO, etcetera can reduce the

and drought stress conditions. Salt
production efficiency of crop plants.

It is necessary to produce the crop plants having abiotic stress tolerant and high productivity.
Salt tolerant Plants: Presence of high percentage of salts like NaCl, CaCl,, szm.Ot K,SO, in the
soils diminish the growth of. crop plants. The plants which can grow in these conditions by
withstanding high salt concentration are known as salt tolerant plants..
Biotic stress is the stress caused by insects/pests which attack on plants due to

b) Biotic stress:
environmental changes.

c) Herbicide Resistant Plants: Herbs (weeds) in the crop plants are destroyed by spraying
glyphosate, atrazine etc. herbicides. These herbicides not only destroy the weeds but also kill the
crop plants. Therefore, by altering the genes in crop plants can be protected from herbicides and
ductivity. Herbicide resistant plants are produced by introducing herbicide resistant

increase in pro .
genes into the plants. Herbicides do not show any effect on herbicide resistant crop plants on

!

spraying. -
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In general secondary am"mm“mao__sm"
Olite

ndary metabolites are 5,
e _uqoacnma through tissy
condary metabolites, First|

ained by culturing, Single Y only
s. A high yielding plang o%m: clo
_cultured on a solid medium m>wﬁm

S are

aloj Prod

: o_aw‘ @_<n0m_amm
Culture, There mqm

Uced during plant cell culture. In which important
ﬂm_._um:oam. tannins etc. Secondary metabolites
those nm_ﬂv mMe modern methods to produce high amounts
ning ang ¢ _”2_9 high- yielding ability are mm—mnnmn m:n
sired mmno:ﬂm_‘m«.o@_.m%wnm cloning methods are cmm_a :m this

¢ i i metabolite is selected and its explants are
%_Emmm are am:.n_..,_ma and they oy er mmaﬁ.v_w:so callus cultures, high metabolite producing
mmmﬂmmmﬁmm are divided into two part: 9rown in"suspension cultures. The freshly developed cell
. * One half is grown further, while the other half is used for

=
=
.
o

i~
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Advantages:

1. In plant tissue culture cell growth can be controlled to facilitate improved product formation,
2. The quality of the product will be consistent as it is produced by specific cell line.
w.mmno<m_1<o::m03a:nn<<.cmmmm<,
A

. Plant cultures are particularly useful in case of plants which are dificult or expensive to b
grown in the fields.

5. Mutant cell lines can be developed for the production of novel chemical compounds.

6. Biotransforrnation reactions can be carried out to convert specific substance to voluble product,
7. The production time is less and labor costs are minimal.

5. SYNTHETIC SEEDS (or) ARTIFICIAL SEEDS:

We all know that ovules are modified into seeds after fertilization. Seed coat is formed“around
the seeds and gives protection to the seeds. The embryo in the seed germinates into seedlings
under favorable conditions.

All plants in the nature are formed by above mentioned method. These am<m.u_‘mvm_.,m:o: of
synthetic seeds through tissue culture is also successful for some extent. Production of somatic
embryos in vitro method, encapsulation around the somatic embryos with chemicals to produce

synthetic seeds is a innovative method in plant tissue culture. When chemicals are used for
encapsulation, it acts as a seed coat. This artificial seed coat does not cause any damage to the
embryos. More over it protects the embryos from mechanical damage while using embryos as
synthetic seeds, do not obstruct germination, It does not induce any variations during the

transformation of embryos to plants. Synthetic seeds behave like true seeds if grown in soil and
can be used as substitute of natural seeds. ¢

Various types of chemicals are used for encapsulation of embryos. If embryos not covered
by artificial coat, micro organisms destroy the tissue and do not germinate in the soil. Therefore,
by using hydrogels artificial seed coats are formed for protection.

Method of synthetic seed preparation:
Synthetic seeds are prepared by following steps.
1. Establishment of callus cultures
2. Induction and initiation of somatic embryogenesis in callus cultures
3. Maturation of somatic embryos.
4. Encapsulation of somatic embryos by using hydrogel.
5. Growing and testing of synthetic seeds in pots under green house conditions.
Initially, embryo develops as globular shape stage, then heart shaped stage and finally
torpedo shaped stage. In the final stage, embryo develops the opposite poles for shoot and root
development at the two extremities. In some plants species, such sequential developments may
not be followed. Again in some species require cold treatment for embryo germination. Application
of GA, also required for root and shoot development during embryo germination. eg. Citrus.
Chemicals used for synthetic seed pre aration:
Water soluble hydrogels form as coat around the embrioids act as protecting capsule, thus
synthetic seeds are formed.

Storage of synthetic seeds is a great limitation. When the artificial seeds are stored at low
temperatures, the embryo show a characteristic drop in conversion. The limited storage time of
artificial seeds is probably due to lack of oxygen in the capsule. To overcome this limitation, two
possible solutions are, to have a smaller ratio of capsule volume to embryo volume so that gas
diffusion can readily occur or to induce an arrested state in the emryo using growth control agent

in the encapsulation medium.
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t particyl :
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zmﬁ:_‘m_ seeds remain i gq,

|9 noav_mx sexual reproduc

m_‘zmn,m_ seeds can be prq
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A aot season dependent, At

plan
T Season of

a year. . o .
N We may g Year. But the production of artificial seed is

et artificial seeds.

mancy for 5 ;
long period, By growing artificial seeds, this period

.ommzu_mnou_.oacn .
Hn_m_u . .m ":mm;_mn_m_ seeds in @ .v. . .
preparation of synthetic seeds js e conomically important plants.

%3:@: clonal propagation, Eg. mm:ﬂm_ﬁsm best methods to obtain genetically identical plants

plants can be grown with less e um album, ;
places: and expenditure by exporting the artificial seeds to different

HAIRY ROOTS
:
o Hairy root culture also called ag transtormed root culture -
. this is produced after infecti . m .
o This iS Pro ection of plant ti i . Jiiager
agrobacterium rhizogenes. plant tissues with the gram negative soi

6.

=t takes places advantage of naturally occuring hairy root disease in dicotyledons.

g The disease is transformed by their genome. T-DNA from a bacterial plasmid to plant hairy
root cells.

Q Hairy root culture can be useful especially for the productions of root associated metabolites :
pecause of their high growth rate and genetic stability.

O Here a large number of small fine hairy roots covered with root hairs originated d
the explant in response to Agrobacterium rhizogenes. s

Induction of Hairy roots :

O When A Rhizogenes infect plant cell they tran
of the large number of small fine hairy roots cov!

irectly. from

sform the plant cell resultinting in the formation
ered with abondened root hairs and attempt

hairy root. : . . v
O Agrobacterium rhizogenes is a soil borne gram negative bacterium and it contains a large

oots inducing or ri-plasmid. 3

: ; s infects the plant it transfers a segment of DNA called T-DNA

QO When mm_.ocmnnm::a rhizogenes
region from Ri-plasmid in to the gen

ir di i leoti .
- _base pair direct oligonucl : ki el
* ik U_M_> :nmoﬂ._w_wz gom<”§mm._m enzymes and genes for the synthesis of opines i
auxin and cy

i i cumopine are used
| aminoe-acids like octopine; agropine, nopaline, mannopine and cu p
unusual amine-acitds

Ncomjmm eir s of ca i or fu her Dﬂos_ﬂ—).

by A rh th ir sole source rbon ar d nitrogen for f rt 4

U _<.OZ> ._—m on con m.__ 1S m_ﬁ _mmmn fou S ol >. m- n. D first three is comp ntto
O_ | {5 ete \ee

r root loci/rol gene
induce hairy roots with

fe.
faster frowth ra < g
2 products affect plant growth and development in di
Different rol gene
Q Agrobacterium infection is ge

i henolic
initi ical signals. (Acetosyringone, ap
|l initiated by chem ot : e
th %Mm_‘w u«_.msn that induce the activation of agrobacterium Vi
py the
molecule) u_‘oacnma
(vir) genes.

.. oy |e:
Q virD,isa transpacific endonuc

7 Lr
one end of the Jeanous St

ome of the infected plants.
de ripped and carries genes that code for

ped and attaches it self to
ost cell with the help of
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2 minor B

vin¢ - Vi
QO Inside the host cell vir d, t - strand complex is coated with proteins encoded by vir mN ang s:n:m:wm somnifera & Ncamjne
forms a mature t-complex which is then imported in to the host cell nucleus with the help of E_ﬁsm:o_,amm.
several bacterial and host protein.
Q Inside the host cell nucleus the mature t-complex is uncoated by targeted proteolysis ang
final'y it integrated in to the plant genome. . Cytokini
A e Oncogeni Okinin producti i i
Applications of hairy roots :- | 9enic genes S
Q Functional analysis of genes. W : :
: : . , Opine synthesis
QO Expression foreign proteins. o {
QO Production of secondary meltabolites. Right T-DNA border
Q The culture may produce compounds which is not found untransformed roots. i production
O The culture may change the composition of metabolites. |
O The culture can be used to regenerate, a whole polant. | T. region Conjugative transter
Left - T-DNA
broder:

Production of secondary metabolites by hairy root culture :
QO Hairy roots produce a large variety of phyto chemicals and the range of metabolites produceq R - Plasmid
i I

represent all major classes of phyto chemicals. including alkaloids, coumarins, polyacetylenes
, 4

_sesquiterpenes, napnthaquinones, tannins etc.,.

O Many of these compounds are used as pharmaceuticals, insecticides etc. Opine catabolism

O Hairy roots have been reported for well over 100 dicotyledonous species from a wide range of

families like apocyunaceae. Arailaceae, Asteraceae, Boraginaceae, Chenopodiaceae,

Compositae, cucurbitaceae, rubiaceae, solanaceae etc..... | ; : il

L—Dopa : A precursor of catechola-mines, an mauolm:n neurotransmitter used in treatment ,, Qi g seation

of of parkinson’s disease. | ;

Shikonin : Used as an anti bacterial and anti - ulcer.agent. * , —.—>—v—|°—ow

Anthraquinone : Used for dyes and medicinal purpose.

q Opiate alkaloids : Particularly codeine and morphine for medicinal purposes.
Berberine : an alkaloid with medicinal uses for cholera-and bacterial dysentery. Q The presence of one

, O Development of haploids from hybrid pl

Valepotriates : Used as sedatiue.
novel in breds."

Ginsenosides : For medicinal purposes. 4 .
Rosmaric acid :_for antiviral, suppression of endotoxin shock and other medicinal purposes. Q Haploid naacnn_os._
: O In nature, they arise as @ 8%

istics of male parent.
B s oid individual by the d

uinine : Used for malaria.
Cardonolides : For treatment of heart disease. Gvnogenesis :_ Production of :mo_. P
cell as a result of delayed poltination phcie

parthenogenesis.

0 Haploid plants containing one basic set of chromosomes (n).
f mutants for specific traits.

set of chromosomes enables selection o
ants shorten the breeding cycle in the development of

s ideal way to eliminate lethal genes.
ult of umzsm:oam:mm,w and there plants rarely o_‘oacmm the

evelopment of an unfertilized egg
requency through the process of

A selected list of plant species used in hairy root cultures for the production om.mmno:o_mi
it male nucleus.

evelopments of the egg cell containing the

o
metabolites.
Plant species vule androgenesis : &Y the d !
ivated. A
Here egg cell nucleus 15 " mnn_.a was attempted through distant hybridization, delayed
ot :mu_ohw%ma pollen, hormone treatments and temperature shocks -
n of irra

Tropane alkaloids, hyoscy - amine.
pollination, applicatio

Atropa belladona
low frequency and N0

= Betalin pigments. .
pollen culture, ovary culture reliable.

t reliable:
oids was a major featin t

oduce haploids anther / he fields

roduction of hapl

|
_
ﬂ
{
Artemisia annua = Artemisinin ,u,
_ﬂ O Artificial productio
Betavulgaris
|
|
|
|

Catharanthus roseus - Indole alkaloids
i 5 . to U—.
ke Datura sp - Tropane alkaloids O In vitro methods : for p!
" 1 4 L X ; 0T nt of vitro techniques in the past few decades.
& Nicotiana tabacum = Nicotine alkaloids he developmé t breeding e
i, . T+ chnology and plan - and S.C Maheshwari (1964) of Delhi university
Solanum aviculare b Steroidal alkaloids ! 9 of plant biotec cts Sipra Guha _,\_cxsmuwm _Mzﬁ umoa:nz.o: in angiosperms through Anther
Two Indian scientists S'P7 -~ ¢ haploid P
|e discove Vi

- Steroidal alkaloids ,
 made the remarkeb S
culture of ‘Datur g

il Solanum tuberosum
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- Q Available methods of haploid plant production.
i. In vitro culture of anther (or) microspores
ii. In vitro culture of unfertilized ovary or female Gametophytic ¢
Wide in vivo hybridization m.o:os\ma by chromosome eliminatio
iv. Centromere - mediated genome elimination.
Anther & pollen culture (Andro genesis) :

O In vitro culture of flower buds of the appropriate development
anthers) to produce haploid plant is called anther culture.

Here care should be taken to avoid injury to anthers sinc
from anther walls.
O Anther culture of datura innoxia was first reported U<. Guha

ells.
n after fertilization.

al stage (Contain immature
e it may induce callus formation

and Maheshwari (1964).

O Anther culture process is referred as androgenesis.

O Exploited in plant species such as cereals vegetables, oil and tree species.

Anther culture technique : ; .

O Immature flower buds may be taken from plants grown. in the field or in green-house pots are
brought to lab. i :

QO Haploid Emn_‘omnoﬂ,m stage is visualised in a microscope after methylene blue mﬁmmsia.

O In many cases the anthers are cold pre-treated at 4 to 10 degree Celsius for 7 to 14 days is
called inductive period. The anthers acquire certain n<no_oo_nm_. changes in this period.

zed, and the anthers are inoculated

O After inductive period the explants are surface ste
horizontally in the culture medium.

O. In many cases anthers are cultured devoid of light for 3 weeks.

Pollen culture / microspore culture : .

Q In vitro culture of isolated pollen grains at microspore stage from early stages of flower bud
is called pollen culture or microspore culture. 5

Q Separation of pollen grains from flower buds

O After mmum_‘m.zo: the debris are removed by gradient centrifugation or by filtration.

O Here pollen culture is advantageous over Anther culture.

O. The anther culture has the disadvantage of regeneration occurs from diploid injured anther
walls. This will not occur in pollen culture,

O Pollen culture is more efficient and also more no,:<m:_m:n than anther culture.

O The tedious process of a_.m,mmnzou of anthers is avoided in pollen culture. It is possible to
macerate entire flower bud and separate the pollen grains by gradient centrifugation of
filtration.

O Coming to the centrifugation process

O Wenzel (1975) introduced this method to isolate microspore from rye floral buds.

O The macerated pollen grains or suspension containing released pollen is layered on 30%

; sucrose solution and centrifuged at 1200g force for 5 min.

O Pollen grains are separated from band using the micropipette and cultured o: culture medium,
|ater cultures incubated for 3-4 weeks. After incubation it produces haploid plant lets.
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duction of stable, homg
by doubling the chromgg,
colchicine (Eg. Maize), r
pled haploids (

2YGous gj
ihaplo;
Mes gjthe s or doubleq haploids (DH) in a single generation

Spon )
taneously (Eg-Rice) with chemical treatment like

3 g PH) consideratyy
A petection of recessive Mutantg Ortens the breeding cycle.
X m:_ﬂimﬂo: of lethal geneg

m. Gameto clonal variation ; Variation .

: ; 0 Tt i
%nonc:_c\ 6 screen the Sametoph n.nsw during in vitro androgenesis provides, a unique
4uring meiosis. Phytic variation caused by recombination and segregation
petection of recessive haploj : ;

6 ploid mutants and rapid obtainment of the mutated gene ina

homozygous diploid state,

7 production of super male in Asparagus officinalis

tations of anther culture:

pimitations =2 R Cillure:

o Low _‘mm_uo.:.mm _Ammm than 10% of anthers only responded to androgenesis.

(0] Abnormalities in embryogenesis miediated regeneration.

o Albinos

0 Genetic instability

pollen Cryo reservation :

O Coming to the conservation & management of haploid- genetic divers
cryopreservation.

O Here genetic diversity is one of the foremost pre requi
programme. e

Pollen which is a product of genetic recom

diversity at the (Haploid) gametophytic stage. . . ‘..
O Attempts to conserve pollen at sub-zero temperatures (-10 to -20°C) resulted in low viability

associated with reduced fertility levels after prolonged durations of storage.

i i i been
Q m:nnmmmﬁ (] i I r i In :Q 1 \ g u =
u I O@WD_G p ese vation 0 UO:mﬂ A .C d nitrogen at 196" ( . ha .
li _‘_umﬁ MS NUQC».. 30 m_umﬁ._mm (9) >@: f O_ﬂnr—_ﬂc_m— impor tance at HHI”. AHSQ—WD Institu
accomp IS te

i iabili fertility profiles.
i t much sacrifice on viability and
i-cultural Research) withou . : s
iy tion in the form of pollen could lead to establishment of polien nroﬂ_‘“ ﬂ
et nQQU«mmmZ:”mSc?\zn inputs for preeding new cultivar genotypes having Mg
mmq<_:mmm e om,\ 232 proadening the genetic base.

agricultural valve, % .

ity through pollen.

ites for any crop improvement

bination has enormous potential to release

e complete sets of chromosomes, rather than the

it has thre
10 v30” or (3x).

id when
o itis referred as

. i
Q A cell is called triP duce viable

typical paif ol n:qoaomn.ﬁ. mw‘mhm:wm chromosomes need to occur in pairs to pro
Q Triploid plants ar steriler j |
Q oﬁ_h%q:m. il still flower put Smmﬂ%ﬁmﬂmsmmww .”:Wn_.“(:%%m\acmw%cw” “__“M:mﬂﬂmwwwﬂm_‘.
M”mmﬂwﬂaﬁ_,\:_mm. :mﬁw mqnﬂ_m_‘““”wwmm. The plants can still bear fruit, but the fruit is sterile,
: M“%mwm: “_‘MMMM_MMM MMaM_‘BmP panana etc.




QO Triploid plants are most useful in crop improvement where seed is not economic part,

QO , Triploids are exploited crops like Banana, Apple, Watermelon, Tea, Sugar beet, Zm__cqu A A
Acacia, etc.., | 2 @
O Here triploid plants have characters such as larger organs like leaves, fruits, flowers etc,, @
greater vigor, higher biomass and stress resistance etc... cﬂﬂmncnma
€losis
| - Me
1. Natural selection . ]

2. Artificial hybridization |

! 3. Endosperm culture in vitro { : -
1. Natural selection :
O Here fertilization occur unreduced gamete (2x) with the normal gamete (n) and form triploids, ,, : : - =
O It is rare in nature because of inviable seeds and hence no progeny. It can be identified by M
_ faster growth and seedless in nature. ‘,

A A A i A W
@ ot e e T
|
_ b Meiosis =~

Meiosis % c:qmacnmae

meiosis
| M

Here environmental stress variables many stimulate production of unreduced gametes in
diploids. , .
Fertilization of the gametes from two species of different ploidy level. | .

It result in increase in size of somatic cells & no.of chloroplast. ,
Natural triploids naturally exist in nature like Populus termula, Populus alba, Quercus SPs l 2 :
miscanthus SPs, etc..., . J H
k-
. . |
. , .

[[CHARAN PUBLICATIONS, NALGONDA

2 artificial Hybridization :

|7 sexual hybridization of diploid and tetraploids is the most common method i.e 2x X 4x or 4x
X 2X.

o Chromosome doubling can be achieved by spindle inhibitors or protoplast fusion. _

|0 Colchicine is commonly used for spindle inhibition others are oryzalin and n_,:_E.m.,_._?

‘ 0 Here triploid efficiency depends upon several factors like pollen viability, compatibility between
the parents or the frequency of unreduced gametes.

,ﬂo Seeds of different sizes and developmental stages are obtained.

Triploid #

O00 o

\
N
\
\
b
"
y
.
i




~nvL,

MMWHWMHW\_ mmmm_wo one of the artificial hybridization.

ToRE M_ :ﬂo_.m than one male gametes with €gg cell is known as polyspermy.

mm&:nmzow, o_noM cm:m__x c_.onx the fertilization of second gamete with the fertilized egg,
wo nuclei with egg cell can be induced arti jally, in invitro conditions.

0000

___» Eggcell

Fusion
Femal nuclei

3x zygoto @Huv_om%_m:zmﬁ L/H 5 ol
e

Endosperm culture :
Endosperm culture methods :

O Duri T
uring fertilization process, one male gamete fuses with the egg cell and forms diploid zygote
ygote,

and 2 s wi i
male gamete fuses with two nuclei which is present in centre of the embryo sac and ,

forms triploid endosperm.
O Endosperm cells are totipotent and has uoﬁm:zm_ for unlimited growth

O Amount of endosperm varies am iffe
ong different plants f i
5 P p rom very little (legumes or cucurbits)

O Triploids can be directly regenerated through in vitro culture of endosperm tiss
, rm tissue.
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0

2. H:a:‘mnn regeneration

o Most direct and efficient

| nsu:n: es :

e

" ere 2 tyPes of endosper -
Ure

jrect rege i
1, Direct regeneration (witg,, @

(

‘

s
are present

b llus u:mmmv
us 3..3%8 occurs)

Meth, i
0d of triploid caacnmo:

oploid chimer;
0 MixoP a appear frequently in o ;
Ndosperm cultur
e,

roduction of aneuploi
oPf Ploids have also peen reported f
rom endosperm culture.

0 cells with different ploidy may r
es| i
pond differently towards different u_m:m hormones.

0 fnduction of morphogenic responses or h
shoot

has low success rate,

everal cases : :
o InS e complex media are yseq forin vi
the _‘mﬂ._\oacn_g:g vitro culture of endos)

i. Genotype ii. Developmental stage

iii. Culture medium.

regeneration from endosperm derived callus

perm. Which compromises

o Endosperm response on the in vitro culture is mms.ozom dependent.

o Triploid plant lets have been regenerated from only a few plant species. -

o Age of endospermis critical however it varies among various plants maize mature endosperm °

in Jatropha, Ricinus et

0O Initial mmmon._mn._o:.oﬂ the matur

O Germinating embryos

jii. Culture medium :

Ms basal medium is commonly used with other sup

)
O Complex media like potato extract, tomato Juice, Corn juice, or yeast extract have been used

C.

e endosperm with embryo is critical for induction.

may contribute factors to induce cell division.

successfully for endosperm culture.

O Use of auxins or cytokinin i

auxin).
QO Supplementation 0

f media with or

f shoots from callus hormone sup

Seed less ness:

‘O Triploids are sterile:
Q Seedless fruits aré d

esirable li

s required for endos

and do not make seed

ke grapes; D

ganic nitrogen is es

S.

anana,

plements.

perm cultures (2, 4-0 is more successful

sential like casein hydrolysate.

plements are essential.

watermelon etc.....



{ Q<onﬂmmm2m:o: isa techn,
0 :.Qomm:. At the "maomaELﬁcm of Pressuriy
state and thus can pg ofl 9 the plant cells in the frozen state using liquid

Quid nit,
Onser rogen (- ¢ -
The principle involveq i, ved for _o:@bm%owwmanv. the cells stay in a completely inactive

; . Cryo
. 0 1670 metabolism or ng, aw.<.wwmmm2mzo: iS to bri
nQouﬂoﬂmnnm:nm. ing state by ﬁmacm.:mn
® ing

Chromosomal |
Watermelon —————————» Watermelon X Watermelon

- r g | cryopreservation :
(2%) Doubling 4x 2x okl \ technique involves foljou:

1. selection of materig) ollowing steps.
3, Freezing

he plant cell and tissue cultures to a
the temperature in the presence of

|
Meiosis 0 | 2. Addition of cryoprotectant
; 5 Thawing 4. Storage in liquid nitrogen

e G | 7. Measurement of viability M Washing and re-culturing
) | gelection of plant materia) ; - Regeneration of plants. X
i ide range of plant materi
_, ; M&ng plant amﬂm:m_wss_m have been preserved by employing cryopreservation method.
0 are selected from dif i i mples
’ Bm_‘._mntAuOnmnov.waoﬁ% ?oasv _aaau_mamumn_mm33288%2&6:mxmu
_
w

) Pollen (Mustard, rape), pollen embryo, zygotic embryo
1C ‘ '

(wheat, mmv:mw UMMma protoplasts (Pea x wheat) protoplasts :.umnc.‘wu. callus (Sugarcane), cell

guispens ura) Among these, meristematic cells and suspension cell culture in the late

lag phaseor log phase are most suitable.

Addition of cryoprotectants in pre-treatment :

Hybrid triploid
watermelon (3x)

o . i 2.
ki) . - . o Cryoprotectants are the compounds that can prevent the damage caused to cells by
Selos WEEID Gl : freezing or thawing. The freezing point and supercooling point of water are reduced by the
; : presence of cryoprotectants. As a result, the ice crystal formation is retarded during the
| process of cryopreservation.

ST X ! QO There are several, cryoprotectants which include dimethyl sulfoxide (DMSO), glycerol,
O Flower are generally large and more colorful, and are desirable for commercial interests. . , ethylene, propylene, sucrose, mannose, glucose, proline and acetamide among these
O Flowers have longer shelf - life, hence have better performance and give higher returns. '

DMSO, sucrose and glycerol are most widely used.
Photosynthetic efficienc . !

Freezing : . g
The sensitivity of the cells to low temperature is variable and largely depends on the plant

Q Larger somatic and guard cells.
O Higher number of chloroplasts.

O Better photosynthetic efficiency that result in vigorous gro
biomass.

o ¥

. A, species 4 different types of freezing methods are used :
Eﬁsmzqmnn:Bc_mzo:om:_msmq | .

Fr HT QIR_J tissu T T ial i | li g ﬁ e e n\
mmN.:C metno (2] i e 0 ﬂ_mjﬁ ate jal is w_02_< frozen Nn slow coolin rate 0.5 N

' : h .__@ is QO_,“m ata rate < tha Nman. The mﬂ<m:ﬂmmm is the U_mjn cells are par H_N=<
min N__QH awl

dehydrated and survive better.
oling rapid thawin

or

O Introduction of plant of commercial interests to new regions.
O Invasive plants usually produce large amount of seeds.
O Triploidy can be used to control invasiveness of these species. he vials in liquid nitrogen (-19

O Triploid have bett triti lue lik tei tent of triploid R nvolves u_%eém crystallization- d
riploids may have better nutritive value like protein content of triploid mulberry is about 4% . event re Heerastorad)
higher than diploid mulberry. - . : g : s ‘ ‘, e In this method dehydrated cells and seeds

6°C) and thawing is done rapidly 200-

@ 5

A = (]

: , : Y | & Dry freezinc method: i ed on sudden cooling of cells at temperature of -196 €

O Triploids are useful to study genome evolution, imbalance in gene dosage and genomic N iModenD technique bas High doses of cryoprotectants are used to
rearrangements. | d. Vitrification : it is done at slower rate. HIg

: | in seconds and tha ;
| i ifi erature is very
O—ﬂ<°—v—ﬂmmm—ﬂ<>.—-—°z : | avold cell damage ce of the frozen cells or Bwnmmﬂ % m% MNM”MMMMME% is done at
' ! g intenan p & -196 degre

O Cryopreservation is the process of cooling and storing cells, tissues, or organs at very low 4. storage : The mainte erature is kept -70 to

i ly of
; , | the temp _To prevent damage, continuous supp
temperature below the freezing point (-196°C) to maintain their viability. < genera n. 1o p

important. In 96 degree € in
O In Greek krayos - means - frost. temperature of -1

nitrogen is done-

liquid nitroge
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S. Eﬁhl Usually carried out by plunging t
swirling. As thawing occurs the vials are transferre

6. Re-culture : The preserved material is washed few ti
material is then recultured in a fresh medium.

he vials in to warm water bath with vigoroyg
rred to another path at 0 degree.
mes to remove the cryoprotectant. Thig

iy
O There is possibility of death or cells due to storage stress:
Thus viability can be found at any stage. It is calculated by formula.

. ..a
No.of cells/organs growing _ g

No.of cells/organs thawed
h medium suitable environmental

8. Plantregeneration : The viable seeds are cultured on growt
nm:mwmnma.

conditions are maintained and ultimately desired plant is re
Achievements :
1. Meristems of potato, cassava, sugar cane, etc...

cryopreserved meristems is 20-42 %.
2. Cell suspensions of soyabean, carrot, datura etc... are stored for 2-4 years. The viability is up

~ to 50%.

3. Embryos of black gram, green gram, wheat, rice,
The viability is up to 55%. y

4. Pollen grains of peanut, mustard, cotton, wheat, rice, belladona,
time.

5. Fused protoplasts of wheat, rice,

Advantages of cryopreservation :

1. Cryopreservation offers a possibility to preserve ori

2. It ensures genetic stability in cryo-reserved materials.

3. It protects the viability of recalcitrant seeds in which embryos are short living due to impacts
of the climate.

4. It can be used to store rare species. .

5. It enhances the longevity of cryopreserved pollen,

Germplasm conservation : .

O Germplasm is a living tissue (total content of genes / hereditary material), which can be
conserved for long periods and whole plant is regenerated whenever it is required in the
future. :

Q Germplasm conservatio
stock for its future use.

Q It is necessary to preserve endangered plants or else some of the valuable genetic traits.

O Germplasm conservation is the most successful method to conserve the genetic traits of
endangered and commercially valuable species.

O IBPGR (International Board of Plant Genetic resources) provide necessary support for collection,
n and utilization of plant genetic resources through out the world.

are stored for 2-4 years. The viability of

coconut, etc... are stored for a long time.

etc... are stored for a long-

etc... can also be stored in this method.

ginal genetic stocks in a limited area.

embryos and other plant materials.

n is the preservation of the genetic diversity of the plant or the genetic

conservatio
Types of germplasm reservation

1. In-situ conservation
2. Ex-situ conservation
& Invitro conservation

[ CHARAN PUBLICATIONS, NALGONDA

0_‘<ouqmmmﬂ<mﬂo:

_.. cold storage

.. _\o<< U_‘mmmc_‘m and low ox<wm:

g In vivo conservation,
n__\\mﬁk_h_.ﬁm)_émzo:

b he germplasm is conserveg i ;

ﬁq nmﬂwm\ sanctuaries.

,. ation of nati

0 presery ﬁ._<m 1and plants jn 5 4
i mx\mmn: conservation
0,

! eserv
0 ysed © U_‘. N @.quEmmB obtained from
”o The genetic material in the form of g
‘,mm:m cm:xmmoq_o:ouﬂm:::wm.

E%@EE
Here gene banks have been made to " e

prese i |

:._m.%oam such as cell and tissue culture Bmﬁﬂmmﬂ:m s e b TR

o This <<._= ensure the availability of valuable germplasm to breeder to develop new and im

| <mﬂ._mﬁ_®m. :

nder the <._nq.o noqa._go:m three methods are followed to preserve fo

preservation (ii) cold storage and (iii) Low pressure and low oxyge

to preserve germplasm.

wﬂo_.mmm

atural enyi
envir o o ; |
onment in biosphere reserves such as national

e .
ar natural habitat along with several wild types.

cultivated and wild plant materials.
eeds or in vitro cultures are preserved and stored as .

|0

proved

| g v r long time storage ()
Uk n storage methods are
used :
i). Cryo reservation :
0 The germplasm is stored at a very low temperature
nerally the solid carbondioxide (at-79°C). Deep freezers (-8
iquid nitrogen (-196°C) storage are used Yo maintain low temperature.
0 complete in active state, and can be conserved for long
rved. Ex. Meristems, embryos, endosperms, ovules,

0 Ge 0°C), vapor nitrogen (-150°C)
and |
0 The plant cell under g
0 Any tissue froma plant can be cryoprese!
seeds, cultured plant cells, protoplasts, calluses.
O Here nJ\onqoﬂmnﬂm:G are used to preserve.
preserve Ao._am%ﬁ 3
acetamide are ad

periods.

ulfoxide), glycerol, ethylene, uv_.oc,\_m:m\ SuCrose,

ﬂ
|
w,
,
|
,ﬂ
ded during the n209mmm2mﬂo=.

0 They are such as DMSO
| mannose, glucose, proline,

thod at @ non freezing low temperature (S

| 0 ltis aslow growth germplasm conservation me
o).

Q The growth of t
| injuries.

| O Several grape
| around 9°C and tr
nts could

i i \d storage, and thus prevents cryogenic
jal is slowed down iR co

he plant mater |

forover 15 years by using a cold storage at temperature

e fresh medium every year.
0°C for 6 years.

been stored
ansferring them in th
be Emmmzmg atl

xygen stor
g the plant m

plants have

e:

aterial is reduced in low pressure storage.

yrroundin

n storage.

| Q ic pr
| The atmospheric P o in vitro @325.
the low oxyge

, th
falow phessil i i .m _‘m%nmg in

'O The oxygen concentration!

l
|




-

> =

-

/

is reduced and the partial presgy, 4
€ of |

In low ox
ygen storage, the oxygen concentration

oxygen b
elow 50mmHg reduces plant tissue growth.
f

inyl alcoho
olY viny !, dextrong are yg
e

re are three main stages |

05" to each other. In the L: the

¢ mma:mm_o:. This leads tq imﬂo:a
‘ne for

I p d
a
S Emoamzm in plants

Protopa p
st fusi
1on. In the first stage protoplasts areé

Stage
Protop|
mat Plasts membranes get fused at localized

B
g In vivo Ex-situ conservation :
Grown in an i .
artificial i i A
e =t environment like research institute germplasm plots, green hq A fused
O This will se, §° qge th® used protoplasts Gy
o e " 4o ! 9et r Cytoplasmic bri
e availability of germplasm for crop improvement. s yon of spherical homokaryop o ”558 aa qmmcﬂmwm_ ic bridges between protoplasts. In
| . g .
am eterokaryon, cytoplasmic. bridges leading to the

SOMATIC HYBRIDIZATION

The process of i
e Ak :<cw_%a:.n.:o: o.; hybrid plant by fusing the protoplasts of two distinct spec;
e i ization. First somatic hybrid was developed by Peter Carlson o
Earsieii o..They called this process as parasexual hybridization. 2.
: n. ﬁ ere are three phases in somatic hybridization. They are
. Protoplast Isolati
olation. 2. Protoplast fusion. 3. Selection of hybrid cells

1. Protoplast Isolati
at 3 i
ion: Protplasts are isolated from the cells either through mechanical meth,
etho
from roots, stem, leaves, meristematic :mmcma
W~

or m:N«\Bm.:n method. Protoplasts are isolated
pollen grains, callus tissue etc.
a) Isolation of p
e T e %M“M\wmnm from Leaf: fully expanded leaves of a young plant are sel
hypochlorite. After that ns_: 70% ethyl alcohol for one minute later 20 minutes in 2% mnwmar
D ey u Tl e _mm<m.m are washed with distilled water. Later on hypodermis ow nw:om_ca
oy anmSNo small w_mnmm. These pieces are placed in petridishes containin et
S yme + 2% cellulose+13% sorbitol, pH=5.4). These umiu_mﬂmm_,mﬂmm el
e uﬂonoo”_mﬂmn. >nm_. S.mn enzyme mixtures filtered to separate uqogn_mwnmﬁ cubated
s ey mo_cmo sts M..m purified with 13% sorbitol solution. Finally protoplasts mﬂmﬂo_‘: _ﬂmmﬁ
n and centrifuged at 200 i e
ki : rpm. As a result via
b e solution. Floated protoplasts are separated with a pipette B e
Isolation protopl. 1 . .
- P e ._.:MMMmm\woﬂi ollen wmtﬁ.. pollen grains are separated from mature a
e nmzn:..nmmwumh uww_hum: grains purified by placing them in 2% sodium :<uonh_wzﬂ__‘m
L . rpm for 10 minutes. Fl i o
B s, Floated pollen grains ar
e Wmc\o _NMMMW‘. ._._3m: pollen grains treated with enzyme B_xncimo\omnwm__:,w<mn o
o) icellulase, 15% sucrose) as a result Eonoc_mm.nm are released _ﬂw i _ﬂc\o
om pollen

grains.
c) Isolation of pra i
otoplasts from. callus tissue: More number of protoplasts b
can be isolated

from actively growin
g callus cells. Such cells me, m
S ; are treated with 2-4% ce i
placed in hot water bath shaker for 4-6 hours at 30°-33°C. As a ﬂMmc__n:“v_Mumﬂm m_=N< S
: . oplasts are released

from callus cells.

25 ancﬁou_mmﬁ Fusion: HmO_mmmﬁ_ U_OﬁOU_mmHm are :\_MQQ 1 ﬁ_ e _U esence of UO_( ﬂ_ _m__m O_ co
e < DA

A 4 be :\_mmn_. ﬁ_onc_v_m-w fus two ways
“umnwv Pr 0.0b_mmﬁm of two distinct mumﬁ_mm can 10N can occur In
Y
ese nm__mw. ZN_—AO_W e

They are.
a) Spontaneous fusion b) Induced fusion

a) Spontaneous Fusion: :
e nm_n_.zn._ protoplasts may be fused when there close to each other during i :

ed spontaneous fusion. Spontaneous fusion takes o er during isolation.

place in between the

protoplasts of same species.
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Induce fusion: it is the fusion i | :
e fusion induced to fuse the protoplasts of two distinct jes. The |
species. W

|
|
{
|

Is

|
|
[
|
!

&G

| g
: Partially digested cell wall
o ;

v

Protoplast fution

)

&g
Calles

@

Tissue culture
Regreded

hybrod plant

|
- , Somatic _éc_.a._na.s__
homokaryons or heterokaryons aie

. _w mm_mnﬁo; of h brid m__om“ 1 oonc,mcosm. Heterokaryons are
B There are abotk 0D grow somatic hybrids from

mtso profitable. It s therefc” . it
can be usé atic hybrid cell

toplasts fusion
ryons in the total
e hybrid cells and
ons. For example
o identify the som

after the pro
0% homoka
ry to select th
he heterokary
d as markers t

'_sgnno and red anthocyn!
_,mfmm: tobacco and carrot

n<N= .
Mdvantages: aracteristic 2%

resistance, drought
using somatic

e resistance, insect
o crop plants by

res of diseas
ntroduced int

rerance de b rerility can be i
resistance, cytopIas™ e sty 0 00
: c qmzmaqamg% expe

hybrids in genetl




2. Somatic hybrids can be developed through somatic hybridization in sexually _:no:.umzc_m :m_uno_j«\n_: resistant chara

5 i Cter i
. Jr h cybrids prodyct; Nicotia
species. : ; ; bk ghroud :Q_o: N3 tobaceym ﬁm:ﬂmzm A S
3. Disease resistant traits are found in wild varities. These disease resistant traits can be intrody, ced _,\_o_‘m nectar secreting <m:mﬁ_mm
into crop plants through somatic hybridization. ) : in mamm_nm 4 i : ol
on.
ASMIC =<u—~—°mv { f path HoRry ANSWER rough cybrids producti
CYBRIDS A°<.—_.°—v—| | ancnﬁ_o: OF pathogen freq plants
i i : 2 mo_.:mn_ e =
In somatic hybrids, the cytoplasm and nuclei are derived from both the parents. However | E‘oa:nzo: of stress resistant plant onal variations

ici 4. Syntheti
in most cases, the two nuclei coming from different protoplasts, do not fuse and genetic informatigp, Ynthetic seeds

from one of the two nuclei is lost. Such hybrids are known as cytoplasmic hybrids or cybrids, p .
cybrid may be defined as a somatic hybrid where the cytoplasm is derived from both parents and
nucleus is derived from one parent only.
Cybrids may be obtained by any one of the following methods :
(a) Fusion of normal protoplasts from one parent with enucleated n_‘oﬁou_mwﬂm from the other
parent.
(b) Fusion of normal protoplasts from one parent and protoplast containing non viable nucleus
from the other.
(c) Selective elimination of chromosomes of one parent after fusion of the nuclei and .

(d) Selective elimination of one of the nuclei from the heterokaryon.

_\_NS\ roots applicationg

Eon_cngo: of secondary Metabolities b

Y hairy ro S
_\En_o_am Ty root culture

8. Triploids 9. Cryopreservation

mm:du_mma conservation
10: 11. Somatic hybridization ~ 12. Cybrids

.rozm ANSWER QUESTIONS
; what is tissue culture? Mention itg application. ’

;. production of Hairy roots and its applications,

3 production of secondary metabolites by hairy root culture.
i ». Explain Haploids.

. 5, Define and explain triploids.

|
|

¢ Explain cryopreservation.

Cytoplasm 7. Explain germplasm conservation.
| What is somatic hybridization? Write about its procedure, applications.

: Enucleated R , 9. What is cytoplasmic hybridization (or) Cybrids? Mention its procedure, applications.
nucleate |
Organelles u“%_%h%hﬂ naa_w_mﬂ , A
A) B |
Fused |
protoplast #
Maternal . .
nucleus
| __—=0Organelles
from both
parents

Formation of a cybrid due to fusion of normal protoplast with a enucleated protoplast
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. | UNIT-III
BIOTECHNOLOGY

Biotechn i ilizi i .
o ology _w the technology of utilizing micro organisms at industrial level for generati
o S mmmm:cm_ to human welfare. It is also called as Genetic Engineering K
wide vari i i : :
2 x:oi:m:mnw.% materials and services that are useful to humans. It's obtained from mic
. as bio technology and it is also known as genetic engineering e
History : :

The origi i

origin and development of biotechnology can be seen under three subsections. Th

(a) Ancient Biotechnology st
(b) Traditional Biotechnology
(c) Modern Biotechnology

a. Ancient Biotechnology :

,_.:.m w:m that existed 1800 years ago is called “Ancien Biotechnology”
5 This includes the production of alcoholic
" This includes the production of
il alcohols beverages, vinegar, et € i :
is widely used in the fermentation process. 3 e g At i g
O This first biotechn !
ology product was cheese. It prod i
i produces rennet from milk through an enzyme
O InBC7 i ,
000 years. In china they used yeast in beer and wine production. Approximately BC
. Y

6000 years most people in India ;
i produce curd and cheese using bacteria that n«omcnm lactic

b. Traditional Biotechnolo

It stretched from 1880 to 1952, Si .
. Since the definition of biotechnolo . i i
have been made using organisms, bacteria, plants, and animals i e L
ern Biotechnolo i .

After discover y of DNA the i odern m_Onmﬁ___.0_0®< was e :m‘ _mum;.

ﬂrmmom.%?oﬂmn::o_o. .
; m<_m<m_\<c3maumnmcm.
agriculture, industry, and the environment o Bmwmm S8 s ke

APPLICATIONS OF BIOTECHNOLOGY.

(OR)
—N :

o_..m. o._.. BIOTECHNOLOGY IN DIFFERENT FIELDS

T..ozcssu important fields are influenced by Eonmnszo._om,\
1. ROLE OF BIOTECHNOLOGY IN AGRICULTURE: .
10 ‘ ns : Nitrogen is the import. i
ww% of q;wwamlz‘ _‘m nwwmmi. in the atmosphere, Zm:mw M_%%nﬂm:_nhmﬁmi Mo_. A ety
microorganisms can fix this molecular nitrogen and converted :.;M Mﬂw ow,_<ﬁ_“ﬂ$ vgm_.ﬂm oﬂ

onia 3). These

ricroorganisms are known as nitrogen fixin m R m, A cter, A ct

S King organisms, izobi

wlepsiella like bacteria and Anbena, Nostoc like blue awmmm.m_wﬁoc_: i i on
ae,
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in these organisms fitrog
o m,\ﬂnwmmﬂw_w m_n._un_,:msﬁ of r-Dp or
r red to t cont,

an o Other Plants, mn:so_of e omwo_ of genes. These genes are called as

e uble Microgyq, €5 can be isolated from the Rhizobium

plants can absorb thig o n

n of water insoluble roey usma
S|

m.
" fixation i und

ISms: Phog h
; ﬂsﬁ n ogomwrwﬂw Plays a major role after nitrogen in plant
organisms can-dissolve thig Phate. So plants . orm. In most of the soils phosphate is in
led @5 phosphate solubilizer. Phosphate and Smxms:on absorb this phosphorus. Some types
o@mEmSm. Thus the use of qmw. w.*domu:mnm ammn._mﬂmsm. plants absorb. These microorganisms
nicillium, Fusarium, Asper .J___N.m_.m will decrea Y in the soil can correct by growing the
; i dans \ak Gillus like fyng; se. Eg. Pseudomonas, Bacillus like bacteria
nsecticides: Various typeg of - ngi.
{ Cr :
el oﬂoin_ﬂ.._.:mwm mﬂ“‘m nw:ma as msnmaouwﬂm anisms are parasites on insects/pests and prevent
by ¢! r:‘.p uSee Bs Maecicides by spra w:am:m. These microorganisms are produced in.large
.Mmm%mln:m..:__\m:nm,__m thamsonai, Nuclear U«Mx moz crop plants. Examples: Bacillus thuringenesis,
_{%mﬂm toxic U_dnm.:. (Cry-protein) while _u_.oaw tedrosis virus. The bacteria Bacillus thuringenesis
s the gene bt-2 isolated from the bacteria S SRofes This cry-protein destroys insect larvae-
ants BY Agrobacterium Ti-plasmid. Becas; = msn inserted into“tomato, tobacco, and cotton
3.0385 formed in these. plants. e of this the growth of insect larvae prevented by the
production of disease resista i :
:aaacnmm into crop plants to ._Bnq”“m “.meﬂuﬂo%mq ?oz.> ﬂmnssm_oof .a.mm.:‘ma genes can be
. - gainst diseases, insecticide substances, and
Jverse environmental conditions. Herbicide resistant genes are i | i
rchia coli and introduced i .m _m..voﬁnmn from mm:dw:& a Qu?.
gsche 3 into tobacco, tomato plants. Similarly some herbicide resistant
genes are isolated from Medocago sativa and Amaranthus hybridus, introduced into wheat, tobacco
gants. Crop plants tolerant to adverse environmental conditions can be produced by genetic
ﬁzmaqamzo?
5) Production of nutrient rich cro|
grains and pulses. The amino acid lysine is present in low amounts in
! of sulphur containing amino acids is more in legumes. The plants w
| amino acids can be developed and isolated through somaclones.
) ROLE OF BIOTECHNOLOGY IN MEDICINE:
| Various substances which improve disease resistance, su
_in human beings and animals and ™
| through" biotechnology-
nmnzomman microorganisms act as S.x,ﬁ substances and nwc.mm
different type of proteins are produced to reduce
re known as antibodies. This type of imrunity is
_‘muoqﬂma that, immunity in humans <an be
red from the antibodies isofated from the
are isolated and introduced into pacterium
acteria acquired pathogenic characters.
accines which are praduced by this
malaria, cancer, rabies etc.

lants: Food materials are stored in the form of protein in
a_‘miw.m._B:mqZ the deficiency

hich produce high amounts of

pstances which control diseases

ethods useful for diagnosis have peen developed

§ The proteins n_‘oacn& by .
diseases. In high disease resistant oaws_mam a
' the activity of antigen proteins. These u_‘og_sw mm i
| known as acquired immunity: masma.ummawa prepa
improved by vaccines: Om:ma__<<<mnnﬂ”.%=nm antibodies
seased animal bodies: "% Which B etically modified &

, ese enel
' lls through r-DNA technoloy d,a %w used as vaccines: \
phoid, cholera,

- These bacteria cells " - oases fike tY

 Method are used o0 P even

20 rons: by Virus infected cells P
vancama ; d Wiseman (1980

A kind of glyco Gilbertan sy
- SPecial proteins aré calle DNA technology: By using

. ©an be produced in & ol

«m<m:mm virus replication. These
) nmoonma that, these proteins

hese interferons immuy




ed by viruses. Leucocytic _znmlmqo:m -l a
e e, NA TECHNOLOGY
nofg of inte ; NGinear: ;
; ;o intdy <23»MH%. ThiS technology involves identification, isolation
SUCh hybrid vector is introduced into a host cell.

can be developed against different diseases in humans caus
interferons are used for the treatment of breast cancer~and renal carcinoma respectively,
t mm_\ﬂ 3
,n_:mn::c_om,\ was discovergy by Cop
ohen ang
SOYer. The organism that has this r-DNA is called

l o
. ant organism. Eq.
pind 9. The genq responsip,
& for insulin production was isolated from human

oo
Insulin is produceq in o
d transferred to the cmgmzcs E
« Coli, Th; :
: Netically engineered E.coli produces human

3) Hormones:
Different types of hormones are produced through biotechnology.
the pancreas of humans. Humans get diabetic disease when this hormone is not produced chmn_m:ﬁ m
quantities. Thus insulin is given in the form injection for these patients. A few years ago, thig A«ﬁmm:
Nt # : in (
o his technology has f,
il S fo ¢
! steps, They are

hormone was collected from livestock and pigs. When insulin producing genes introduced j
these genetically modified bacteria start producing insulin hormone which i
I) Selectio : -
) " and isofation of gene (D) of
of interest.

II) Introduction of DNA-insert e vt
vector.

bacterium cells,
useful to’human beings. This hormone is marketing in the name of humulin.

4) Disease Control:
Gene therapy is used to cure genetic disorders that occur in human beings. In this gene
therapy the abnormal gene that causes disease have been identified and replaced by norma|

gene."Currently there is no significant progress in this regard.
" III) ROLE OF BIOTECHNOLOGY IN INDUSTRY:
1) Advantages of Fermentation: ; ) b
: : ; / cell wall is digested by using e 2
Many valuble and useful chemicals are produced by using microorganisms through | : NZymes,
-Inthis o Detergents are used to dissolve cell mempbrane
W DNAIS isolated from protoplasm using phenol or some nuclease enzymes.
» Further it is subjected to gradient centrifugation to purify the DNA.
'y DNA cut into fragments using restriction endonucleases. Restriction enzymes were discovered
by Arber, Smith and Nathans for the first time in bacterium cell.

Restriction enzymes cut the DNA molecule in two ways. They are

fermentation at industrial level. Fermentation occurs with the help of anaerobic enzymes
process complex organic material are converted into simpler form. Chemicals like'amino acids,
enzymes, proteins, organic acids, antibodies, single cell proteins (SCP) are produced through thjs

—

process.
The genus Streptomyces is the source for the most of antibiotics. >:n_.c_omnm are alsp
produced by Penicillium, Nocardia, few Actinomycetes species, Cephalosporium species. |
| | a) Blunt ends. b) Sticky ends.
<,w whisky, wine-etc can be produced by fermentation r plunt Ends: Some restriction enzymes recognize and cut the DNA strands at precisely opposite -
: | oints. Thus non polar ends of DNA fragments are formed. These ends are called as blunt ends.
5 SAGCH WTAG -t B
e

Alcoholic vm«mammm like beer, brand

—
e /ae

strands directly ovvo.w.;m
ry single stranded sticky

process.

Biotechnology techniques are used to control pollution and waste treatment. Biotechnology
methods have been identified as more efficient than conventional methods in waste treatment.
For this, environmental engineers followed bioremediation procedure. Introduction of nutrients
into polluted soils promote the growth of bacterial microorganisms or bacteria are newly introduced
into this type of soils. These bacteria react and break down the waste materials. Thus, these waste

icti t the DNA
But most of the restriction enzymes not cut the
e cuts are staggered forming short complimenta

A between Gand A (G | A).

) Sticky ends:

ach other, instead th : ;
nds due to the presence of palindromic sequences.
oRI recognizes GAA sites and cut DN

The restriction enzyme EC
1

Thus sticky ends are formed. :
B ACAG ARTIGAS 3

..... “ e :
......:k.OAO TTAA GIG ... D

parated by a technique called Gel

materials modified into simpler and non toxic end products.

The following useful aspects are achieved in this filed through biotechnology.’
1. Lupines, chick pea plants which contain more Omega 3-fatty acids modified as feed useful for

iction enzymes are se

fishes.
2. Large and early breeding varities of Shrimps (prawns) etc have been developed.
selected and isolated by a technique called Southern

3. Valuble products useful for aquaculture have been produced from wastage of domestic animals.
. tr
The resultant fragments of res

VI) Role of Biotechnolo
1. Biological processes or methods used for isolation and collection of metals from the mines.This

3 Hectrophoresis. ; a6
 Electrophoresis: The desired :‘m@am:ﬂ

' blotting,
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is called as biomining.
2. Efforts are going to improve coal purification processes and changed it into chemically usable

energy. This is known as coal bioprocessing.:
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The desired fragment or fragments of DNA are inserted into a suitable vector to Produce
indefinite number of copies of genes. This is known as gene cloning.

These days gene cloning is performed through polymerase chain reaction (PCR) using
thermal cycler. Not only natural vectors, restructured artificial vectors are also used for gene
o,_o::G. In which P8R322, pucior yectors are widely used in gene cloning.

To isolate plasmid, bacterium cell firstly treat with Ethylene Di amine Tetra Acetic Aciq

(EDTA), then treat with lysozyme enzyme to dissolve cell wall. Later bacterium cell in Sodium
laury!l Sulphate subjected to centrifugation to isolate plasmid.

: Qmm<,m the m_mmBE DNA and donor DNA with same restriction enzyme so that identica|
sticky ends formed in both. The sticky ends of plasmid and desired DNA fragments are annealeq

through complimentary base pairing and the gaps are joined by DNA ligase. The new plasmiq
molecule, thus obtained is called recombinant DNA (r-DNA). ;

Plasmid— % DNA
: Isolation, purification

Foreign DNA
Plasmid &E&N&Eﬂ.&»
(vector) Endonvclease
& % cleavage .
O @ k%\:& DNA fragments
Ligation ‘
Recombinant DNA ...‘

&
Q
220005,

._ Transformation in E.Coli E

Main stages in Gene clioning

3. H:nqonznnmoa of recombinant vector into a suitable host:

b When ?02» and host cell are placed in calcium chloride solution, r-DNA entered into host
cell by transformation. Generally Escherichia coli cells are used as host cells to introduce r-DNA

The bacterium cells into which the recombina isi )
. nt DNA is inserted are called tr: i
r-DNA starts replication in host cell. Clones are formed in each cell AEamed cele.

4. m”_muzo: am..a screening of transformed host cells: The selection of transformed cells
usually depends on the nature of gene which is cloned. For example if it is antibiotic resistance,

the cells are first incubated in a medium without antibiotic for about one hour, to allow the

antibiotic resistant genes to be expressed. Th
. . Then the cells are pl i i ibioti
for the selection of colonies containing recombinant DNA il o T L
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: cations of r-DNA 4mn_..=o_o
pase resistant varitieg can b
e

Dis | Prod
i t tolerant ; u
B:o: pPlants can be D Ced throy

D

L ing this Fodue .
By using t nmn::o_om,\ Plants e :wa by Using r-DNA techn aloay:
Genes useful for nitrogen, fixati '9h nutritive value can be produced

3
4 s into plants, PN are calleq ;
ene #d nif genes. This technology helps to introduce nif

9h r-DNA technology.

g - o
puman insulin is produceq by tran

3 S ) sfor ; h
ipsulin gene Med E. coli bacterium cells having r-DNA that contain

tropin hormo ;
gomato ne which
Promotes growth in humans produced from E. coli cells.

ice insulin hormone is ais Produced from g
. coli cells.

The protein produced by trap, :
5 new strain of Colon bagi mmrw_.:_ma Pseudomonas phorascens inhibits the insect growth.
growth of viruses, 'S prepared which produce alpha-interferons that inhibit the

6-
1
8.
9.

icroorganisms whi :
10. Micro g ch release methane rapidly in biogas plants have been grown.

4. Different types of vaccines are produced by r-DNA technology.

RESTRICTION ENDONUCLEASES

_wanlnzo: enzymes are DNA cutting enzymes found in bacteria. Restriction enzymes are
first amsn_mmn. by Arber in E. coli bacteria. Because they cut within the molecule, they are often
called restriction endonucleases. They are also called as chemical knives. Restriction enzymes are
4types. They are: , K £

1. Restriction endonucleases-I

2. Restriction endonucleases -1

3. Restriction endonucleases-1II

4. Restriction endonucleases-1V b
1.R.E-I: This type of enzymes has three subunits for three different functions such as qmmoos_n_nﬂw
of specific sites, cleavage and methylation. These enzymes can cleave up to 1000bp from
recognition site. : / x
2. R.E-1II: These enzymes cleave the DNA within their recognition sequences. e
u. R.E-III: These enzymes have two subunits.In which first subunit ._a.msn._w_mw the qmnmmﬂ_ﬂ_ﬂﬂ
mmnc.m:nmm .m:n_ second subunit recognizes cleavage site. Cleavage site is about 25bp distan

from recognition site.
4,R.E -IV: In this type, cleavage £

is-about . .
20bp distance from cleavage s! e.
Recognition Sites: nize and cleave at spacific sites containing 4 to 6 nitrogen
can recog s are called recognition site (recognition sequence).

ide sequence . - :
e mM.MM_:m:nm of-nitrogen bases in opposite direction at specific
e

lled um::aqoa._n sequences.

-

nzyme is different from methylation enzyme. Recognition site

Restriction enzymes
base pairs in DNA. These nucleo
The two strands in DN
sites. These nitrogen sedu®

WO.—.>Z< SEM-V & Vi




et i g Gueeeereness GAATTC 3

—

“w..-........ Ojgm.........:w uw..‘......:. 0.—l~.>>ﬂw...........,m~u
: £
Recognition site

Mode of action of Restriction Enzymes:

A restriction enzyme recognizes and cleaves only at particular sequence in DNA. At these
specific sites nitrogen base pairs are in same sequence but in opposite directions on two strands,
For example, if the sequence is GAATTC on one strand,- the sequence on the other strand is
CTTAAG. Restriction enzymes break down the bonds in two strands simultaneously and release
the fragments. If the cleavage site is between GA in one strand and in other strands it is AG..

EcoRI recognizes GAATTC sequence ahd remove the bond between GA. Hind-IIT enzyme
recognizes AAGCTT sequence and remove the bond between GC. Cleaved DNA fragments may
have even (Hind-III) or uneven ends (EcoRl). Uneven ends are called Sticky ends.

Enzyme Recognition site - Products

m‘...........0w>.>.ﬂ.ﬂ.0.:.:.....m_ GeareerG >|>.._..._.p0:........,..u

EcoR -1 nw............0-4..._11;?1)*0n..........m. m..-...,-.....O;._......—.u>-> 0......0. G

§ecesaveases Qanww«0.0

[T e W .| ,OJO...:.:...w
Grrvrirri GGG moeeen§ RN o X o S c N c REARNY 4

DNA molecule can be cleaved at specific sites With the help of restriction enzymes. One
can construct gene maps with DNA fragments formed by restriction enzyme digestion. In this way,
based on the specific characters of restriction enzymes, gene sites can be recognize on chromosomes
and gene maps can be constructed. These maps are called restriction maps. Different sites v:m<m

.mcocn 300bp or less number in DNA fragments can be identified in restriction maps. Later by
include these sites, nucleotide sequence of one gene can be decided.

DNA LIGASE (LIGASES)

Enzymes essential to anneal the DNA fragments cleaved by the restriction enzymes are
called DNA ligases. These enzymes were firstly isolated from virus (T, bacteriophage). These are
also found in bacteria (E.coil) and eukaryotic cells. These enzymes repair the DNA molecule.
Sticky ends of DNA fragments have complimentary nitrogen bases. Phospo di ester bonds are

formed between these complimentary bases. Thus DNA fragments are m::.mm_ma one with other.

DNA ligases anneal DNA fragments without any gaps. DNA ligases are also called as “chemical
sewing machines”.

[ CHARAN PUBLICATIONS, NALGONDA

se : It is the

Main en

o N<30 in

OH ang 5'-pog _mmsm Cloning, It catalyzes the formation of

3o_mncﬂw%w2 Nucleotides and facilitates the Hos,ﬂn

: cher’, This ability enables the-filling the

150 jgases are main| ZAKI fragm, y

£ onNA N9 Ny used | eNts formed during DNA replication.
D during Gene Cloning, N rDNA e, # i

: wles : fnology for the production of recombinant DNA

ligase depends on

Oz> A Cofactor a i
rerial DNA Ligases. While Atp acts 0 Mg, " ons for its function. NAD* acts as a cofactor
¥ : 3s a cofactor for VIRUS and Eukaryotic DNA ligases.

0

ONA ligases are used to prepare r.py by ann

i ealing the vector DNA with desired gene.
' gases are used o anneal the twg geneg

1 o5 m different sources and embedded the desired
o
ed fragments
| m_::ﬁ_MMMmm i are changed to sticky ends by annealing the adopters or linkers using -
pHA ===

POLYMERASES

A polymerase is an enzyme that synthesizes long chains of polymers or nucleic acids. DNA
_a RNA polymerase are the two common types.
9

DNA Polymerase : It is present in all living organisms. It helps in DNA synthesis and
nome replication. This ability of DNA polymerase is employed in Gene cloning.
This enzyme catalyzes the synthesis of new DNA, complementary for the existing Oz>..
DNA Polymerase I of E. Coll directs the synthesis of complementary nucleic mnn..ww ,m_w_._”%
o stranded DNA as template. It converts single stranded DNA to the double .u..n_‘m:m 3 maa.m
ONA polymerase synthesizes, DNA molecules from deoxyribonucleotides. DNA Mo <:M. g
ucleotides to the 3'0OH (3' end) group of the primer sequence (Bases) w:a_no:_ “”,_‘ano:
ﬂo_‘amzo: of 5 direction i.e., elongation of the newly forming strand in a 5'-3 e
conclusion : DNA ligase helps the joining DNA fragments by vsomu:oﬂ_mwmmw :Mm«. a.im_.m:n
DNA polymerase helps the synthesis of new DNA. Though both enzymes ﬂ_.M nmn::o_og Sl
Mm::m< are required for DNA repairing, DNA replication and 383!.32 D e
: i dures in one ;
ivi || Gene Cloning proce
And these activities are essential for a ; T il 53000
In PCR mediated Gene Cloning technique, a SP

CLONING VECTORS CHARATERS AND TYPES

i nserting into the host cell are
produce the copi€

\ong
arry the desired genes a
e i d artificial
i rs. These aré also ca AT
”w__n_”a n_o:_MMMMm...no material. plasmids, bacter
own

i ctors.
chromosomes are used as cloning Ve

(e

gngl

s of desired genes by |
NA vehicles. Vectors C
iophage, cosmids, Ti-

Vectors used to

ition.
fi e vector shojlg e s iction sites for restriction enzyme recogn
rm Str
2. Vector should have one©
3. When foreign DNA frag™ ; |
o) L es resistant to antibiotics (ampicillin and tetracycline)
r replication.

ore unigue re

ed, there shoul

rt d be no change in its replication.
ent is inse

4. Itis easy to isolate "

4. They should have selectable
5. Most importantly vectors




6. .
Vectors should have tra- genes which can transport into host cells.
Types of Vectors : :
“ v_m.m.!nm" plasmids are extra chromosomal, self replicating, circular naked DNA Molecy|q
ound in the cytoplasm of bacteria. They are about one kbp to 500kbp in length. Plasmids gpo i
two types. They are . 7
i) Conjugated plasmids. ii) Non conjugated plasmids.
y . As conjugated plasmids have transfer genes they transfer from one bacterium cell to anothe
; acterium cell during conjugation. Non conjugated plasmids do not have transfer genes. 439.&2_.
hey cannot transfer from one cell to the other. In some bacteria the plasmid number is stab|q AM
or 2). These plasmids are called stringent plasmids. In some bacteria the plasmid number is mq
(10- 100). These are known as relaxed plasmids. g
: In plasmids pBR322 is best example. This plasmid was first constructed by Bolivar .Am.v and
zoa:mp._mn Q..c. . The plasmid has a point of origin of replication (ori), two selectable marker geneg
conferring resistance to antibiotics, e.g., ampicillin (amp), tetracycline (tet) and unique recognitjop,
sites for 20 restriction endonucleases (EcoRI, HindIII, BamHI, Pst 1 etc.).

0
PEICS
o
o

: : @%@

322

PBR™Plasmid

2. Bacteriophages: Bacteriophages are the Viruses that i i
. ; infect bacteria. These phages are bein
m_ju_mi.ma in gene cloning. 50% of the phage DNA is essential for its. replication and other E:nn_o:%
Remaining 50% DNA can be replaced by desired genes. .
M., bacteriophage has single stranded ich i i :
- ed DNA which infects E. coli cells . M, bacteri
: i . : ophage
&SEm&nmm complimentary DNA mz.m.:a in host cell. This is called as replicated &WB of oz>n .:ﬂm
.Dz> is _mo_m.;mn and coverted into recombinant DNA by inserting the foreign DNA fragment. It is
introduced into the host cell as hybrid plasmid. .

3. Cosmids: cosmids are plasmids that contain . ;

. phage cos sites and can
capsids. They are used to clone large segments of DNA. o e
% .OOmBEm m_‘m. plasmids n:.m.ﬁ contain lambda phage DNA containing cohesive ends (Cosmid
= cos site + plasmid). For the first time it was developed by Collins and Hohn (1978)
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p

mids lack encodip,

cos } 9 vir;
occur®: CosTElEs u_mm_.:._w_ Proteins, The
5 (4 P S Contai. orefor ; >
#D) origin of _‘mu__nmn_o? Ntain - & Neither viral particles are formed nor cell
a marker gene o
c.__vv a special n_mm<noa5a for antibiotic o
@i Vg€ site for 4y, esistance,
() The smallsize & Insertion of fore
. reign DNA
They differ from plasmigs : '
S in hayin®
s the wh avin
e i le genome in n__‘ncm_umw” extra phase DNA, the cos site, which is about 12
il ) * ’

Ly tion and ligation,
ColE 1, ). phage DNA

|
| amp* Cos
|

| Restriction site
Ori
Structure of Col E 1 cosmid

Eunbﬁ.\nlml 4:.mmm are artificially prepared vectors like cosmids, by combing the features of
phages with plasmids.

characters of Phagemids : These possess -

(a) A multiple cloning site.

(b) An inducible promoter

(c) An origin of replication (Derived both from phage and plasmid)

Example for this type is p Blue script 11 ks : Itis derived from the plasmid puUC19 type

and is 2961 bp long. The KS designates the orientation of polylinker.
These vectors are very useful for characterization
developed

i
|
|

5, Larger DNA fragments cloning vectors:
and expression of large genes or gene complexes. A number of such vectors have been

recently to utilize on large geonomes of Humans and Mammalia.

Some of the popular examples for this type are YACs, PACs, BACs etc.
ificial Chromosome . YAC can clone very large DNA fragments upto 2
Mb. This character of YAC has made it a vital tool in creating physical maps of large genomes such

i i ly Telomere (TEL), Centromere
YAC is made up of 3 regions, name
e o ce (RS). Hence YAC is described as a mini n:.qoaomoam, 1t vmsmzmm

|

1

|

|

|

|

|

__ﬁnmzv and a replicating sequen

“mw an additional chromosome: )
,_
|
|
M
|

Uses of YAC :

1. It is used to form G
an Genome

ies of both Pro and Eukaryotes.

enomic librar .
construct Gene Map of Chromosome in

project (HGP) to
2. It is used in HUm
Man.

3. It is used to clone |

arge DNA fragments. v
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PAC: 1t is called P - DErived Artificial Chromosome. PACs are DNA constructs that arq
derived from the DNA of P, ~bacteriophage. They can carry large amounts (100-300Kbs) of other
sequences for variety of Bio engineering purposes. It is one type of vector to clone DNa fragmentg
in E. Coli cells.

This vector (PAC) origin
unique in nature and exists in two forms. In Lysogeny,
Lysis, it destroys the Host Cell.

PAC contains both features of Plasmids and F factor (F=fertile plasmid like DNA sequence)
i.e., P and F factor systems. .

DNA than a plasmid or many other vectors.

PAC can accommodate larger inserts of
cted through a method called ‘Electroporation’.

ad of a plasmid. P,Phage g

ates from a phage (P, Type) inste
acts like a plasmid and ip

it remains and

PACs are constru

ed cloning of Complex Plants and Animals,

1. PACs are used in the Genome Analysis and Map bas
| in phage therapy and helps the study of Antibiotic actions.

: These types can be synthesized by PCR-based methods. Besides
. " L

these can be obtained, using vectors, on certain bacteriophages, whose genomes assume a single

stranded DNA in their life cycle. Examples for Type VI-M, 3 Bacteriophages, M, ; Vectors.

2. PAC cloning is usefu

2

SHORT ANSWER QUESTIONS
2. Role of biotechnology in agriculture

4, Role of biotechnology in industry
6. Restriction endonucleases

1. Applications of biotechnology
3. Role of biotechnology in medicine
Applications of.r-DNA.

5

7. Ligages. 8. Polymerases

9. r-DNA technology (gene cloning) 10. Plasmid
12, Cosmid

11. Bacteriophage.
13. Larger DNA fragments cloning vectors

. What is biotechnology? Explain the role of biotechnology in different fields.
What is r-DNA technology? Mention different stages and applications of r-DNA technology.

Write about restriction endonucleases , Ligages,
Define cloning vectors? Write about various clonin

N —

g vectors.

S ow
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Polymerases enzymes in r-DNA technology.

Wiy
Collection of the DA ZPZ_mw.UZP LIBRARIES
omic libra

n_O:m fr
99ments
™ The g OF all genes of the genome of an organism is called

e pank oF gen A

4 1 enomic A wit 9enomic |;

m_a "man_w:ma directly. " 3 restricton m:N_,_\ﬂmﬂmmzﬁcm prepared by the complete digestion oM
ik i ¢S] i i d an:

¢ ction of genom 2 4 gments of desired size are collecte .

host cell

Uz A cleavage
with Restaction
enzymes or
mechanical method

DNA fragments

Vector fragments

Stick ends, Blunt ends
ligation

a Circular hybrid DNA ’

| Introduction of hybrid DNA

W vector into host cell by

_ transformation or phage or
cosmid

brod DNA

Hot cell with hy’

Selection of cells with visual method. ,
nucleic acids hybridization, Immunological test

Genomic library clones

construction procedures

Genomic library
ant method in constr

uction of genomic \ibrary.
nes (without recognize) in

0 ; : t
xperiment is an IMPorta

| Usually .m:o.“m.c: i m:mgoa of collective cloning G om_ ing steps

. Shotgun experiment 1S the Jction of genomic \ibrary involves following steps.

sm. Constr
genomic DNA.

nts of differe
uitable vectors fo
table host cell for cloning.

. agenome of an organi
1. Isolation of target

2. Cut the DNA it fragments ¢
. s are inserted into S

nt length using restriction enzymes.
r cloning to chimeric DNA.

fragment s into sui
: _/u\zn N.S chimeric DNA S introduced Into S
4. Vector




: t
5. Screening of desired clones (having desired genes). 0 from the solid nutrj he blot 5

ient X Nalyg;j t
6. Genomic library constructed with selected clones of an organism can be seen in following figure, t can define the an:o“,ma_ca to "L\m _MmmmOnﬂ:Ecm where the bacterial cells are transferred
.Different types of restriction enzymes are used simultaneously in genomic :_u_‘mJ\ 0 cells containing hybrig _umo_, ._mo_mn._:a the 5 i wﬁ# material.
construction, as a result gene can be cleaved irregularly at different sites and form more fragments, ferring medium : NA Using 5 o Pecific DA sequences or genes from the bacterial
It may not possible to add all these fragments at one place. However, by making some following ._‘.‘u:m - : Cellulose membrane filter (Transferring medium).

0 The nitro cellulose filter

forms the master plate’s

changes in shotgun method genomic library can be constructed. Paper i i
"eplicas, nsferring medium of the colony hybridization that

i) Use of restriction enzymes which recognize short length (4bp) sequences.

ii) Genomic library can construct by taking proper care while restriction digestion. Due to 0 nitro-cellulose Filter Paper acts
partial restriction digestion same restriction site will not to cleave several times. The number of operties of the Zn_.onm__:_omm
_.\,,.2,> fragments in a genomic _EEQ depends on the size-of genome of an organism. For example | 0 The nitrocellulose filter -

W 1500 DNA fragments in E. coli genomic library and about 8,00,000 fragments in human genomic | - undergoes nitrogen byiffia M_.M,
| library. i )

‘ C- DNA LIBRAY (or) C-DNA CLONE BANK:- I O i
| ) Nitrocellulose filter Paper poss

for colony hybridization Nitro
Three times washing of the f
Next placing of fi

as the blotting - pad.
Filter pa er :

compri J
awnmu_._mmm._.ooeo pure nitrocellulose. cohere the cellulose
i i reagent nitric aci
This membrane filter Provides high quality t wna.
ransfer.

C-DNAs are DNA molecules copied from mRNA templates. Unlike genomic libraries C-DNA
libraries are constructed by synthesizing C-DNA from purified mRNA by reverse transcription
method. The group of C-DNA fragments synthesized from mRNA by above method is called C-DNA
library or C-DNA clone bank. There are about 5,000 to 10,000 C-DNA clones present in each C- |
DNA library. . ) i
Process of C-DNA library construction: ;

€55€5.2 0.45 m pore size that facilitates efficient transferring
cellulose filter paper goes through several steps.

0 ilter paper with distilled water.

5 . Iter Paper between the absorbent sheets.

o Auto claving of filter medijum at 120 degrees Celsius for 10 minutes.
0}

After all these steps, transfer the b i
| | 5 ‘ | | | ’ acterial cell St
To construct C-DNA library firstly mRNA is isolated from actively protein synthesizing plant s on to the filter mem

roots, leaves or mammalian ovules. Then single stranded copy or complimentary DNA is synthesized
from isolated mRNA (which acts as template) by reverse transcription method in the presence of
reverse transcriptase enzyme. Later mm:m_m.mn_.m:amn_ C-DNA is modified into double stranded C-
DNA by using DNA polymerase enzyme. Double stranded C-DNA is inserted into suitable vector O First inoculate the bacterial cell suspension on the solid agar medium to prepare the master
and cloned this C-DNA in the bacterial cells. With this construction of C-DNA library is completed. plate. After inoculation, the number of bacterial colonies will develop with different plasmids
As the clones in the genomic library are the parts of genomic DNA, so they have introns or * | on the master or reference plate.
non coding regions that are present in split genes. But C-DNA clones do not have split genes as 2. Formation of replicas overa nitrocellulose filter :
Hepiarcsyathestzed from mRHA. - O Then, transfer the bacterial cells from the master plate to the membrane or filter using a
In some viruses particularly influenza virus, reo Virus the genetic material is RNA.In these , nitrocellulose filter, press the nitrocellulose filter paper over the surface of the master o_me.
viruses it is easy to synthesize C-DNA clones by reverse transcription and can be used in different This compression of the filter membrane will form replicas or copies of the bacterial cells
.Sﬁmm of genetic engineering experiments. similar to the master plate.

|
"
It is easy to recognize and analyzes the clones in C-DNA constructed from mRNA. Because m 3. Treatment of filter medium with SDS :
: ,_
|

WD =g meni=rs i< 1Nn0Mbek m After formation of replicas, treat the nitrocellulose filter paper with the SDS (Sodium dodecy!

sulphate) detergent to lyse the bacterial cells. :

um with sodium b droxide : .
dium hydroxide to separate the DNA in to single strands.

Fixing DNA on to the filter mediumto fix the DNA o.sno
paper at 80 degrees Celsius or expose itto

, C-DNA clones do not have split genes as they are synthesized from mRNA. Because of this
screening of desired genes in C-DNA library become easy. As well as the lack of introns in the C- |

t of filter medi
DNA, it is suitable to use as probe. | 4. Treatmen jum with the so
Q Treat the filter medium W

: #
COLONY HYBRIDISATION e e o tothe e medium
_

; the filter
Rl s 0 : the nitrocellulose filter paper, either heg
O Colony hybridizations is the method first given by the scientists Grinstein and Hogness in the [ . ; i i \lulose
year 1975. M the LV light. : be & Addition of radioactive probehybridize the nitroceliu
| ition of radioactive ro mid DNA by adding the radio active RNA probe.

: ints of the plas :
ing :%:::_ e desired gene of sequence from the bacterial cells.
w

O This method isolates the specific DNA sequences or genes from m:m hybrid DNA.

i . .:
O Colony hybridization involves replicas preparation on the nitrocellulose membrane filter paper. | filter paper contal obe
O This radioactive RNAP"
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O Wash the filter paper to remove unbound probe particles, After that, expose the nitro cellulogg
filter paper to the X-ray film by the method called autoradiography. The colonies that appear
after autoradiography are known as auto radio gram.

8. Identification of the desired gene :

QO Compare the developed auto radiogram with the master plate to identify the colonies containing
a gene of interest. The cells containing the desired genes will grow in the liquid medium, anq
they can be further processed for the isolation of recombinant plasmid DNA. This colony
hybridization method is the screening technique that uses the radioactive probe.

O The radio actively labelled probe screens or isolates the particular gene from the number of
bacterial colonies.

DNA hybridilation
with radioactive RNA prabe

Impression of nitrocellulose
filterpaper on master plata

Gene of interest

TELANGANA,

| oot =

obe is a single str5
pr z_ama i
A by

%_‘oacnmn_ ?WB i m<_m§:n_mo§m of oz_—vm -~ PROBE
ents of genom: TSe ¢ : Ao
0 Fred™ S aaie ONg An_mm<m_.“:mn_._u5m£. " RNA probes can be composed of CDNA

mn:_m_‘g
il i oy a Probe is 5 ¢ O restriction enzym
0 yariable length of Probe i "agment ymes from the genome)

of
f Probes : Usually 10019 DNA or RNA of variable length. _
= . 00 bases long, it can be radioactively labelled.

0

1. oligonucleotide Probe
2. DNA probes
3. RNA probes

oligonucleotide ..o_umm;m:o

B . it
specific region of DA (0r) RNA the fquence of nucleotides that are synthesized to match a
Rl RONEAses § =t molecular probe to detect the specific DNA or

igonucl
g alloo are generally ta

9eted to specific ithin genes. The most
€ probes contain P sequences within ge

mozamv_‘ocmm
noaao:o:@o:cn_moﬁa
synthesis of probes Containing at Jeast HHMOMMMMM es, but current synthesizers allow efficient

o The probe length should pe betw

A : een 1 . :
hybridization times and |oy synt 8 and 50 bases. Longer probes will result in longer

) hesis yields, shorter probes will lack specificity.
0 The base composition should pe 40

ratios outside of this range,

60% G-C. Nonspecific hybridization may increase for GC

0 Be certain that no complementary regions within the probe are present. These may result in
the formation of *hairpin’ structures that will inhibit hybridization to target.

O Avoid sequences containing long stretches (more than four) of a single base ohce a sequence
meeting the above criteria has been identified computerized sequence analysis is highly
recommended. The probe sequence should be compared with the sequence region or genome
from which it was derived, as well as to the reverse complement of the region. It homologies
to non target regions greater than 70% or 80% or more bases in a row are found, that probe
sequence should not be used.

POLYMERASE CHAIN REACTION (PCR)

Generating lakhs of copies of double stranded DNA within few hours is called ‘polymerase
chain reaction or gene amplification'. PCR was developed by Karry Mullis in 1984.

i i indivi trands.
i t is denatured to separate into two individual sf
The double-stranded DNA of interes . b
Th ds act as templates. By utilizing free nucleotides (ATP, GTP, C'T'P, TTP) these mn_,m.:a:mn
f mmﬂmqw_: m_” anded DNAs. In this way in a short span time two become four. four become eig
orm double str .

and so on.
There are thre
DNA. They are.
|. Denaturation

in PCR repeated again and again to generate multiple forms of target
e steps

2. Renaturation 3. Synthesis

the temperature t0 about 95°C for about one minute, the DNA gets

ate. These two strands act as templates. g

f the mixture is slowly cooled down to 55° C for about ,..u
oy lementary regions flanking target DNA strands. This
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1. Denatu ration: On raising

Il..\!\
trands separ

denatured and the two
temperatur

2. Renaturation: As the ™ - th the comp
Minutes, the primers base P2
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process is called renaturation or annealing.

3. Synthesis: The initiation of DNA synthesis occurs at 3-hydroxyl end of each primer. The Primerg
are extended by joining the bases complementary to DNA strands. For this stage the mixture is
kept at 75° C for | minute. )

PCR cycle is completed in three to five _..:_:Cnmm. These new strands are referred to as _o:m
templates and they will be used in the second cycle. In second cycle short templates are formeg
to long templates. The length of the short templates is extended in third cycle.

)

1. Gene cloning can be done in small size DNA
2. \Variations in DNA can be recognized using either known DNA sequences, cleaved DNA fragments.
3. Nucleotide sequences in a gene can be discovered through this process. g

4. More number of copies of DNA can be prepared with minimal technical skill, time and low cost.
5. Aberrations in DNA fragments can be found.

6. Genetic disorders can be detected by this process.

CHARAN PUBLICATIONS, NALGONDA _
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“ It is now clearly established that the

1 Gene expression a:::m e
8.
AG

zoimam<m PCR nmnr:o_of _ Ty
s

0 devey,
PMment cap
i understand {
CT Widey : nd through this process.
ﬂOUP M—ﬂ_C_S.Z_MU Y Used i o1 T
DNA with d IATEp GEN o
€Sired - E
.d of Agrobacteri 9ENeS in an Organ; TRANSFER IN HIGHER PLANTS
v_mm:: tive b _ A E_.:mﬁmgm:m is '™ can be transferred to plants through vectors. Ti
mﬂma-:m@m i acterium, y¢ iS rod sy Used tg transfer the genes in dicots. This is a soil-borne
i S| 1cots. 3¢ ’
¢ tissues, induces the format aped anq motile. Agrobacterium infects wounded or damaged
| i m infects wounded O

n
n_m S on of 5
_u_mm::a is the reason for crown g ammmu_m% Wmor called crown gall. T-DNA fragment of Ti-
as .
€. In genetic engineering onco genes in T-DNA are

mao<ma and replaced by our des;

Mm__. Thus, genetically BOQR._mam”__«mm:aM”_“MJm. This transformed T-DNA is introduced into. the plant
%MEEIH Smith and Townsen our desired genes are formed.

crown gall tumors. As Agrobacteri
induces the formation of 3 plant ty
issues is facilitated by the releag
um: _“01_‘3

190
7) postulated that a bacterium was the causative agent of
u ; :

M tumefaciens infects wounded or damaged plant tissues,
mor called crown gall. The entry of the bacterium into the plant
ation occurs when th € of certain phenolic compounds by the wounded sites. Crown
ment of Ti plasmid, refy @ bacterium releases its Ti plasmid into the plant cell cytoplasm. A
g here it gets i ﬁ. i s T-DNA, is actually transferred from the bacterium into the
pestY ¢ M integrated into the plant cell chromosome. The circular DNA present in the
cytoplasm O grobacterium tumefaciens is called Ti-plasmid. Ti plasmid consists of four main
regions. They are

1. T-DNA region

2. Virulence region

3. Opine catabolism region.
4. Ori. region

1. T-DNA region: This region is about 35kbp in size. This region has the genes for the biosynthesis
of auxin, cytokinin and opine, and is flanked by left and right borders. These three genes-auX,
cyto and ocs are referred to as onco genes, as they are the determinants of the tumour phehotype.
right border is more critical for T-DNA transfer and tumour-

genesis.

2. Virulence region: The genes responsible for the transfer of T-DNA into the host plant are

located outside T-DNA and the region is referred to as vir of virulence region. Vir region codes for
ocated outsi -

proteins involved in T- DNA trans : R
include vir A, vir G, vir By, vir Cu VI DDy aNC s u N : .

. i eqion: The genes this region codes for proteins involved in the uptake
3. Opine metabolism T :

and metabolisms of opines:
sides the ab

fer. At least nine vir-gene operons have been identified. These

three, there is ori region that is responsible for the origin of DNA
ove 1

4. Ori region: Be
replication.
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T-DNA region-
Acxin s d
Cytokinin

Opine
Right border

Opine catabolism gene

Ori- region
Ti-Plasmid

T-DNA transfer and integration into host genome have following stages:
1. To establish relation with plant by Agrobacterium.

2. Attachment of Agrobacterium to plant cells

3. Production of virulence proteins:

4. Production of T-DNA strand:
5. Transfer of T-DNA out of Agrobacterium:
6. Transfer of T-DNA into plant cells and integration
1. To establish relation with plant by Agrobacterium: The wounded plant cells release certain
chemicals- phenolic compounds and sugarswhich are recognized as signals by Agrobacterium.
The signals induced result in a sequence of biochemical events in Agrobacterium that ultimately
helps in the transfer of T-DNA of T-plasmid. :

2. Attachment of Agrobacterium to plant cells: The Agrobacterium cell wall contains
lipopolysaccharides. These polysaccharides establish a relation with polygalacto uronic acid in the
plant cell wall. As a result bacterium attaches to the plant cell wall.
3. Production of virulence proteins: Cell walls of the wounded cells secrete phenolic compound
acetosyrinzone, which activates virgenes. As a result virulence mﬁoﬁm_:m like D), D,, E,, B etc. are

synthesized. :
4. Production of T-DNA strand: The right and left borders of T-DNA are recognized by vir D /vir

D, proteins. These proteins are involved in the production single-stranded T-DNA (ss DNA), its

protection and export to plant cells. The ss T-DNA get attached to vir D,.

5. Transfer of T-DNA out of Agrobacterium: The ss T-DNA- vir D, complex in association with

vir G is exported from the bacterial cell. Vir B products form the transport apparatus.

6. Transfer of T-DNA into plant cells and integration: The T-DNA-vir D, complex crosses the
plant plasma membrane. In the plant cells, T-DNA gets covered with vir E,. This covering protects
the T-DNA from degradation by nucleases; vir D, and vir E, interact with a variety of plant proteins
which infiuences T-DNA transport and integration. The T- DNA-vir D,-vir E, -plant protein complex

enters the nucleus through nuclear pore complex. Within the nucfeus, the T-DNA gets integrated

into the plant chromosome through a process referred to illegitimate recombination. This is different
from the homologous recombination, as it does not depend on the sequence similarity.

[ CHARAN PUBLICATIONS, NALGONDA
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PHYSICAL GENE TRANSFER METHODS

In this three main, popular methods are described in detail below. They are :

(1) Electroporation. (2) Microprojectile Bombardment ~ (3) Microinjection.
1, Electroporation : Electroporation basically involves the use of high field strength electrical
impulses to reversibly permeabilize the cell membranes for the uptake of DNA. This technique can

be used for the delivery of DNA into intact plant cells and protoplasts.

t material is incubated in a buffer solution containing the desired foreign / ﬂ.m_‘omn
n the formation of pores in the

The plan

j i i i Its i

DNA and subjected to high voltage electrical iImpulses. This resu .

rough which DNA enters and gets integrated into the host cell genome.
lasts were used for gene transfer by electroporation. Now a
be used with suitable pre- and post-

d for the production of

plasma membrane th

In the early years, only protp! ; o
i d immature embryos ¢

days, intact cells, callus cultures an :
m_Mnm_‘ouoSaos treatments. Electroporation has been successfully use

transgenic plants of many cereals e.g. rice, wheat, maize.

oporation : .
nvenient and rapid, besid .
oﬂ,\w._owoenw_ state after electroporation.

by optimizing the electrical field

es being cost-effective.

1. This technique is simpié, €0
2. The transformed cé

3. Efficiency of
addition of spe

me
aiees i 2 strength and

transformation can be improved

rmidine.
tion & , o
13 amount of DNA delivered into plant celis is very iow.
e {e depending on the plant miaterial and I

(L\
i
)
{ o
§
&

1. Under normal 8&3%&&. highly variad
2. Effciency of lecrpo™ "= 1%

conditions.
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A selected list of th

i n_.m:mom

3. Regeneration of plants is not very easy, particularly when protoplasts are used. e plant materials useq ;g Siven | Nic plants (d
2. Microprojectile Method (Particle Bombardment (Biolistics 1 fable "A’ selected gy trh " Table o, "®1oPed by biolistics) atong with the sources of
Micro projectile is the most effective method for gene transfer and creation of transgenijc i ::_.“am:ﬁ Plantg (al
Plants. This method is versatile due to the fact that it can be successfully used for the DNA avq&mnm_m coiﬂ:a With cell sources) developed by
transfer in mammalian cells and microorganisms. Plant I ardment)
The micro projectile bombardment method was initially named as biolistics by its inventor 1 |Rice
Sanford (1988). Biolistics is a combination of biological and ballistics. There are other names for 2 |Wheat
this technique - particle gun, gene gun, bio blaster. A diagrammatic representation of micro =
projectile bombardment system for the transfer of genes in plants is depicted in Figure. A and 1 Sorghum
briefly described below. ' | 4 |Com
| 5 |Barley

Rupture disc

ransfer ici
., Genet can be efficiency done in organized tissues

iff t species of p|
2. Differen Plants can be used to d
A - evelo i
_.maﬁun.o:m of particle co_:..m_,n:_m:n < R

e jar - g | 4, The major complication is th
> Bado [ instability of transgene €Xpression due to gene silencing

B e RS | 2. The nm_.dmn Sssue :.~m< onms. 9et damaged due to lack of control of bombardment velocity.
! =5 moan:qu? undesirable chimeric plants may be regenerated.
Microcarriers inserted hcnncﬂm n:.mn bursts, Macrocarier stopped Mierocarierant Microinjection : . :
PR e W Y the stepping plats theplant materla Microinjection is a direct physical method involving the mechanical insertion of the desirable
DNA into a target cell. The target cell may be the one identified from intact cells, protoplasts,
callus, embryos, meristems etc. Microinjection is used for the transfer of cellular organelles and
for the manipulation of chromosomes.
The technique of microinjection involves the transfer of the gene through a E._Q‘on._nmﬁm
(0.5-10.0 pm tip) into the cytoplasm / nucleus of a plant cell or Eo«.ov_mmm. While the mcm:m
transfer is done, the recipient cells are kept immobilized in agarose embedding and held by a

suction holding pipette.

Macrocarrier

Vector DNA-coated
particles (microacarriers)
Stoping plate

€ production of high qm:mmm:.m copy number: This may result in

Plant material —

A diagrammatic representation of. particle bombardment (biolistics) or
Microprogectile system for gene transfer in plants.

Micro carriers (micro projectiles), the tungsten or gold particles coated with DNA, are
carried by macro carriers ( macro projectiles). These macro-carriers are inserted into the apparatus
and pushed downward by rupturing the disc. g

The stopping plate does not permit the movement of macro carrier while the micro carriers
(with DNA) are propelled at a high speed into the plant material. Here the DNA segments are {
released which enter the plant cells and integrate with the genome.

Plant material used in bombardment : ;
Two types of plant tissue are commonly used for particle bombardment.
1. Primary explants which can be subjected to bombardment that are subsequently induced to |
| Holding pipette

become embryogenic and regenerate. | :
| jection of DNA by holding pipette method

Protoplast / cell

Pressure

Injection pipette

DNA
Solution

2. Proliferating embryonic tissues that can be bombarded in cultures and then allowed to proliferate _ Microin
m:nh [RGENSmta; : | v . wonis complete, the .“_,m:mqo_.am.a cell is cultured and @5.9“5 ﬂw
n order to protect plant tissues from being damaged by bombardment, cultures are | As the process of a_na_amg_wzna:mmmanScmnno and Brassica napus have been amumswmwo
maintained on high osmoticum media or subjected to limited plasmolysis. | develop into a transgenic n._m:n.. Mq_,nwﬂnomm of microinjection are that it is slow, expensive an
The success of bombardment : The particle bombardment technique was first introduced in by this approach. The major __3__5a umao,:.:m_.
1987. It has been successfully used for the transformation of many cereals, e.g. rice, wheat, be performed by trained ands

maize. In fact, the first commercial genetically modified (GM) crops such as maize containing Bt-
toxin gene were developed by this approach.
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GENETICALLY MODIFIED PLANTS (OR) TRANSGENIC PLANTS

Transgenic plants are plants into which one or more desired genes from other species have
been introduced into the genome using genetic engineering processes. This process is called plant
transgenesis. The development of transgenic plant utilises the genetic engineering nmnzso_om<
through tissue culture methods. These plants are used to create agriculture, .so_,n_n:_n:ﬂm\
ornamentally valuble plants and for the production proteins, medicines, drugs. Similarly these

plants are created to know about gene action in plant development. Nowadays many types of
genetically modified plants are created. They are respectively &mmmm.m resistant, fungal resistant,
herbicide resistant, plants with high nutritive valué, abiotic stress resistant plants, plants showing
self incompatibility.

Transgenic plants are created by introducing different types of desired genes into plants
through direct or indirect gene transfer methods. Agrobacterium, cauliflower mosaic virus, Geminj
virus and RNA viruses are used as vectors to prepare transgenic plants. Similarly direct gene
transfer methods like electrophoresis, microinjection, liposome, PEG, calcium phosphate are useq
to transfer desired genes. Genetically modified plants are created by using marker genes like
antibiotic resistant (neomycin, hygromycin) and reporter genes which form color or light luminous

genes are used to select transformed cells from non transformed cells, promoter and terminator
genes.

Applications of transgenic plants:

1. Transformed u_.m:nm with Bt-gene show insect resistance. Genetically (bollguard) modified Bt-
cotton plant has resistant against bollworm insect. Bt-toxin is quickly degraded in the nature,
2. Virus coat protein genes have been introduced into crop plants like rice, wheat, potato, sugar
beet. These genetically modified plants have resistance to .virus.
3. Genes which inactivates chitinase, glucanase, lysozyme and ribosome are transferred to tobacco,
paddy, carrot, tomato, potato plants. These genetically modified plants exhibit resistance to
bacterial and fungal diseases. -

4. High yielding and quality transgenic plants created in tomato and potato. In transgenic tomato
' (Flavr Savr) ripening is delayed. So that shelf life is increased and can export to far away
areas.

5. Transgenic plants are used as bioreactors. These plants are useful in production of important
chemicals. The important chemicals produced by these plants are suygars, lipids, proteins,
antibodies, vaccines etc.

SPECIAL IMPORTANCE AND USEFUL TRANSGENIC PLANTS

O These, with distinctive examples, are briefly described as follows. These are divided into four

1. Pest resistant type. Ex : Bt-Cotton, Bt-Brinjal
2. Herbicide resistant type Ex : Round up Ready soyabean
3. Enhanced (Develop made) agronomic type. Ex : Flavr, savr, Tomato, Golden rice.
4. Enhanced horticulture types :
Pest resistant type : Ex : Bt-Cotton, Bt-Brinjal :

Bt — Gene: Genes establishing insect resistance in Tansgenic plants has been achieved through
the use of insect control protein genes. These genes have been obtained from micro-organisms.
Examples : (1) Bt gene from Bacillus thuringiensis.

(2) iBt gene from Agrobacterium tumefaciens.
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O Bt is a naturally occurring soil borne bacterium that is found world wide.

O Ubiquitous in nature.

O Produces crystals of endotoxin (cry protein or delta toxin) - toxic to insect mainly in their
larval stage, thus they act as insecticides.

O These crystal proteins (cry proteins) are insect stomach poisons.

Q So the insects stop feeding within two hours of a first bite and, if enough, toxin is eaten, die
within two or three days. :

Q Important biological insect control agent. :

QO Bt. Crystals, some times referred as S.n.mnﬁ. idal crystal proteins (I cp), are protein crystals
formed during sporulation in some Bt. strains coded by cry genes.

Q Coming to the BT. Brinjal.
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soy beans. { 43, Falvr savr tomato S 11, gt Cotton e p!

When glyphosate is sprayed on fields where RR soayabeans grow, only the weeds in the field 14. Golden rice

are killed. Only RR soayabeans grow normally.High yields due to cultivation of RR varieties “
have been identified at the field level. , _
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2. Explain Colony hybridisation,
a. i ? Wri ;
2 i ) ; . : 3. Define PCR? Write abouyt jtg stages and yses
O This is called (GM) a Genetically modified tomato variety. During this type of development / 4. Write about the gene o ‘
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Ex : Flavr savr Tomoto )
Flavr Savr Tomato : (Flavor, savor)

Process through Agrobacterium in higher plants.

growth, it exhibits a slow ripening nature / characteristic. d f s, Explain Physical gene Waisir Uiilscit

Q It softens the plaque and prevents process / action. But the colour and aroma of this tomato | What are transgenic ants? M
/ A : ic pl ention about i i icati
ts production and applications.

. Explain special importance ang useful transgenic plants.

remain the same.

O This GM tomato variety has been shown to be resistant to Rotting action.

O For that, a unique anti sense gene was added to this GM. This gene inhibits the production
of an enzyme called PGU (Poly galacturonate) usually PGU (Poly galacto uronase) degrades {
the pectin substance present in the cell membranes. The result is that the membranes soften.
But the tenderness (soften) of the GM tomato is not caused by the Antisensengene.

b) Golden Rice : )
Transgenic golden rice, produced by the GE process, is produced by the biosynthesis of
beta carotene, only in the edible components of rice. Here Beta carotene is a precursor to !

Vitamin-A. : ;
O Golden rice has been recognised as the result of an experimental effort to _u_,.oa:nm transgenic ,
rice varieties to correct vitamin a deficiencies in the diet.

QO The golden rice variety contains chemically structured 3-beta carotene biosynthetic genes.
The Golden Rice variety was hybridized with maize to grow a transgenic variety called Golden :
Rice-2. It contains more carotene than the first type of golden rice.




8. a) Define and explain triploids.

(or)
b) What is cytoplasmic hybridization (or) Cybrids? Mention its procedure, applications.

9. a) What is biotechnology? Explain the _.o_m of biotechnology in different fields.

(or)
‘b) What is r-DNA technology? Mention different stages and applications of r-DNA technology,

10. a) Write about the gene transformation process through Agrobacterium in higher plants.

(or) :

b) Explain special importance and useful transgenic plants.
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VI SEMESTER MODEL PAPER -1
PART-'A' SHORT QUESTIONS (8X4=32 Marks)

Time: 3 Hrs Max. Marks: 80

I. Answer any eight from the given questions.
J)
1. a) Micro propagation b) Leaf culture

c) OBm:omm,:mmwm d) Production of pathogen free plants

e) Production of mmno:amQ metabol
f) Cybrids

h) Applications of.r-DNA. z
'j) DNA libraries.

ies by hairy root culture
g) >vu=nmm.o:m of biotechnology
i) Polymerases :
k) PCR Application 1) Bt Cotton
PART-'B' LONG QUESTIONS (4X12=48 Marks)
1I . Answer all the questions.
2. a) Whatis tissue culture? Write about the different stages in mmm:m culture.
_ (or)
b) Define and explain Organogenesis?
3. a) What is tissue culture? Mention its application.
(or)
b) What is somatic hybridization? Write about its procedure, applications.
. 4. a)Whatis biotechnology? Explain the role of biotechnology in different fields.
(or) ;
b) Define cloning vectors? Write about various cloning vectors. )
5. a) What are genomic libraries? Write about genomic _.mmﬁm? C-DNA library.

(or)

b) What are transgenic plants? Mention about its production and applications.
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EMESTER MODEL PAPER -II

PART-'A'
| A' SHORT QUESTIONS (8X4=32 Marks)
| . Answer any eight f i .
. rom the given questions.
1y, a Preparation of culture medium
<) Callus culture

Time:
Max. Marks: 80

b) Root culture
d) Synthetic seeds

e) Haploids
f) Somatic hybridization

,, g) m_»o_nm o.ﬁ .u_”nmn::o_og in agriculture h) Restriction endonucleases
i) Bacteriophage. o
) phag j) Colony hybridisation

k) Electroporation : 4 CpEEL!
1) Transgenic plants applications

PART-'B'. LONG QUESTIONS (4X12=48 Marks)
| 11 . Answer all the questions. ;
| 2. a) Write about root culture, leaf culture, shoot tip culture.
i (or)
b) Define and explain Organogenesis?
' 3, a) Explain Haploids.
| : (or)
| b) What is cytoplasmic hybridization (or) Cybrids? Mention its procedure, applications.
4. a)Whatis r-DNA technology? Mention different stages and applications of r-DNA technology.
{ (or) Y k

b) Define cloning vectors? Write about various cloning vectors.

|

| 5. a) Define PCR? Write about its stages and uses.
, (o)

b) Write about the gene transformation process through Agrobacterium.in higher plants.

Osmania University, Palamuru University, Telangana
University, Shatavahana University, Kakatiya University
| Time: 3 Hrs VI SEMESTER MODEL PAPER -1 Max. Marks: 80
| . v>w._.|.>. SHORT Ocmm._.nozm nthuwN Marks)

, 1. Answer any eight from the given questions:
{ ; b) Ovule culture
ilization of the medium :
1. a) Steriliza d) Production of stress resistant plant

ic emb ogenesis :
c)Somatic emory f) Germplasm conservation

e) nioo_‘mmmEmgoa

chnology in :._ma._n._sm h) Applications of.r-DNA.

g) Role of biote!
i) Ligages:

j) DNA libraries.
) Bt Brinjal




. PART-'B' LONG QUESTIONS (4X12=48 Marks)
II. Answer all the questions. .
2. a) What is micropropagation? Write about it?
(or)
b) Explain somatic embryogenesis and Zygotic embryogenesis
3. a) What is tissue culture? Mention its application.
(or)

b) What is somatic hybridization? Write about its procedure, applications.
y in different fi ﬁm_nm

a) What is biotechnology? Explain the role of biotechnolog

(or)
) Write about restriction endonucleases , Ligages, Polymerases enzymes in r-DNA technology.

5. a) What are genomic libraries? Write about genomic library, C-DNA library
(or) :

b) Explain Physical gene transfer methods.

Osmania University, _um_mq::_.: c=_<m_.m_§ Telangana
University, m:m~m<m:m=m University, Kakatiya University

VI SEMESTER MODEL PAPER -1V Max. Marks: 80
PART-'A' SHORT DCmm,.—.Hozm (8X4=32 Marks)

4.

Time: 3 Hrs

V1. Answer any eight from the given questions.
b) Embryo culture

d) Synthetic seeds

1. ®) Micro propagation
c) Protoplast culture

e) Triploids f) Cybrids
g) Role of biotechnology in industry h) Polymerases
i) Larger DNA fragments cloning vectors j) PCR

1) Golden rice

k) Microinjection
PART-'B' LONG QUESTIONS (4X12=48 Marks)

‘ 11 . Answer all the questions.
a) What is tissue culture? Write about the different stages in tissue culture.

(or)

b) What is callus culture? Explain the process and importance of callus culture.

3. a) Define and explain triploids.
(or)
b) What is cytoplasmic hybridization (or) Cybrids? Mention its procedure, applications.
4. a) What is biotechnology? Explain the role of Eonmn::o_om< in different fields.
(or) _
b) What is r-DNA technology? Mention different stages and applications of r-DNA technology- |
5, a) Write about the gene transformation process through Agrobacterium in higher plants. .
(or)

b) Explain special importance and useful transgenic plants.
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