—

o

-
-

, LTI EEsTONpOtenty of col ,\"‘\_\1
| 2. | Haberlandt . Firstattempt v F-lj“_"l_l_lif_‘_-'iﬂlh"e_{[Jthu:rmhum) B S _ i
3. |.Hannig Hestattern o culture embryo o sereeted sracfed . “\\\j
& | Xnudsen Asymbictic gcrminationmm,j;ﬁﬁr‘;*\ ------ m———

'15. 1 Robbjns. Invitro cultyra cfroottTps_-h—-*— “T“""“\-\‘\* -\\J
6. \Lailgach. ' v | Useof embryo rulture technique Ir inzerspozific <rosses of linseed | lingm) T~

7. \S::a_dtheret'. Invitro culture of the cambigl tssue cf a few srees and'shrubs, although failed tg sustain =

3 h — ceft dnision-— — —— o
é. 'F\E. White successful culiure of tornatg ~2ots ) ) —
8. K}ggl et al Identified 1" plant growh reslator R — |

10 Ga\'\!h_e?et, Nohecaurt_ ﬂggs;s_[ul_‘esﬁlg_b_lishment of exntinuously growing eallus wores T~

_fandWhite - [T “"‘“““‘“***7%~-_-~-~~-~ S .
11, -_Gaut\igm. v In vitto culture of cambial tiss.es of Ulmus to study adventitious shoot formation \f ,
12. |'Van .Oklbeek " Use of caconut milk containi=3 a cell division factor for the first iz to culture Datora
A ethbryns ‘
13.\ Braun \ a -f" In vitro culture of crown galx isues | L
14..| Skoog \ : In vitro adventitious shool fc=nation in tobacco B
135, [ EBall  \ ¥ . " IRaising of whoia plantswf Ligus and Tropaeolum by shoot tip culture ]
16. | Morel and Martin. + Use of Meristeni culture to o=taln virusfroe Dahilas . AT :: i
17, | Tulecke. -\ Production of haplold callus & the gymnosperm Ginkgo biloba from pollen ]
18. | Muiretal - \. First plint regererated from ; singte cell ' ~ :
19. | Miller et al \ Discovery of kinatln, a cell d:v sion hormana :
20. | A Kornbbrgetal "\ [ vitroSynthests of oNA . , - ,
21. | Skoog and Miller *. \ [ Discovery of the regulation o' argan formation by - , : .
22| Mahestiwariand * '\ Regeneration of somatlc emb-yos in vitro from the nucellus of Gitrus ovales -+
Rangaswamy . -
—2_3.' Reinert and sgew;rd fegeneration of embryos fro 1cailusclumps and cell suspanslons of carrot (Daucus car o>tz |
24, Gauthefl?t ?uBlicalioM?rst handboo. »n *Plant Tissue Culture® -, .-.~ )
5% T ¥anta | Fiest SUCCES'Sil'lNlUbE fert -zatloa ia 2apaver thaeas .
26, _E. Cocking ) ——/ Erymatic degradatbn\of cer’ w2ll: to oblaif large number of protaplasts .
27.| Bergmang - © / | Filtration of cell suspensio\s{\d isolation of single cells by plating L i
28 Murashige and S/}'Z_Bg Development of Murashige a-d*Skocg nutrition - -
% “Medium : :
29. [ Guha and Mahﬁ shwari | Production of first haplaid plants from p.(ﬂlc{lg,rains.QI.D‘?.LUID..(&HU]Q[.‘.I.‘-.J'F.l.'[.‘?l....
10, b;1orel i / _r',"_. - | Produced the protocorns frpﬂ orchids u,r.deN[\vitra condition - - . -
3‘1;. H.G. Khorapa H.G." * | Awarded Hobal prize for dc'c:;hering of genetic\ode - ;
3 e Xﬁb--rg“-ﬁ.-e-,?;;---‘---w-'f--------~Deduced the structure of agune for yeast alanyl. ‘NA‘ |
32. | Bourgh & Rltsch.~ Obtained haploid plants fron poilen gralns of toba}co , ]
33, | Meselson and Yuan Coned the term “Rastrictlor sndonuclease” to desdxlbe aclass of enzymes involved Iy
. cleaving DNA e : —
34. Grlson Se!ettion. of viochemical mul ints in vitro by the use o tissue culture derived variatiors " .
3. | Power ctal, First achievement of protopl:;t fusion _ \ -
36. | H. Temin ang D, Discovered the presence of reverse ranscriptase {3 RNA cirected ONA polymerase wh
. | Baltimore has the ability to syntheslze coNA using mANA as a gcmp le
37. | smith Discavery of first restriction endonuclease from‘Haemophillus\'n\ﬂuenzae RU. It s (D
. ' . _purified and named Hind 11 '
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fcop'e of biotechnalogy o '

Ane:- Biotechnology is the controlled y

, LT I e M A g "W“M D ——
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g;..: I

se of biologica! fiUEsuch as micioorganisms or celiul
T M . Ce Rl
=Y for welfsre.of human being,

Branches of Biotechnology

Medjg'gﬂ L'ic_tecﬁnolog ;
Indusirial biotechnology - :

Enviroﬁm_ent‘a'!'biotechnology

. Plant bi,ofech.nol_ogy '

ar compOnenls ¢

LA W e

te

’
p e [ ¢ - e
1. -Medical Bioterhnology B2IRS 10 canye

L .iitifus_.f;ge_stﬁ-_qmhzdonaLcﬂgps,kamreu of the.valyab)

Se e

. rt YTL@MQF:;as-\velh&mim&dﬁﬁi&byﬁhhmhabwrugsc:. - b',’*““‘“‘-
gene therapy <r the geneti disease, ' !

E.g. Insulin, antibodies ete * - i
Istri . the farge scale mo_d,u_cﬁ_’cm.qta.varietj’ of bicchzmicars ranging from
- 2icohol to ant<aolics & n processingof foods & feeds ’
3. '".'Zigricul'lural Ei:.ftech.r}ology:- Rapid &

2 'lndustrial.Bioa.hnology  useful <oy

e

economic clcnal multiplication of the frujts & fo

' ] ageresby-zenallc angnres-

. 7Rroduglion & ratection from the diseases & pests e.g. B.T. cotton, . ,

4. - Environmerita’ SibtechnO!ogy:- Bacteria algae, etc are belng utilized for detowificatic
<effluents, fdr T2treatmient of Sev/age & for the biogas production

5. Animal blotecmilogy :- Genetic englneerlng Is used to develo;

cmole p the transgenic animz- resistant to certain
Hiseases, capaz;e of fister growth rates & more efficient feed

- of the industria!

converslon with a €apa=ty to produce high i ; 1k
—productiom ity viiztrvarioys biochemlcali_. are isolated : g
* Enzyme Techncidgy: . Varlous miooorgarifsms are used for commeréla| production c: the vz

o

=ri0US restricios
. Bneymes which ire used in genetic anglneering,

7... Microblal Minizg:; Microorganisms are:used for

8. Jviteo fertillz=San & embryo transier teckniques

'?ﬁ"ples' suff,er.-ig; from one or other Kind of ster

el . RTINS ) '

que have'zemizted the childies. 5
ility, to have their own babies

‘o

‘/ﬁba.:nan'ce of Biotedtinalogy *

1. Tissue Ctifture Technique In Biotethnolggy: - An important'aspéc.t of all biotechn- logy processes s the

‘ :,, cultura of ¢ sher the mlcrooiganism_s'or p}_ant or.animal cells ( 'p'ro‘toplvast incase sof plants) or tissye: and
e organiina 'rg.c'r'al media, While m}crobe_'s_ In culture are used In recombinant pya ‘echnology and iy

"W variety of i+ Justrial progesses "

2 GeneTechmlogy a5 a tool for Biotechnolagy :- Most biotechnolg

o ‘technology' & geneirc engineering, which Involves recomblnant

<'3. Protein En;‘fﬁ.eerh;:- protein engineering will lead to productio

- Bi’otecﬁn‘c_;lu'(y' has also provije Us with remarkable In the form
' " allow lheﬁ':fz_juc:non of protéirs -

© ¥ Metabolic Exgineering:- pne o’ the major objective of hiotech
S fof prodict n'of metabolic at e Industdlal scale .

T g hiotechnokw in Medicine: - Ir. the field of medicine, insulin and interferon synthe iized by bacteriahy

already bee *releasad foftuse, A large number of vaccines for immunization again' deadly diseases, oN.A

R probesand»-.‘6n&e!unal-ahtibodmara'dlstovefé'd"" .

6. Biotechnolc.¢y in Industries:- usefyl for the'large scale production of 3 varlet
{ from al{q'fgc to ar:‘:ibiotics. &in arocessing of foods & feeds

7.;; Biotechnoley in Environment:- Bacteria Algae, etc are being utilized for detoxifi

* effluents, Ic: the treatment of sewage & for the biogas production,
8. Bio.technolo.;y'in'l\gri(ulture:- 1t deals with

BY companizs i ike yew of gene
DNA & gene cloni. g

n of superior &nzy Ses & storge proteis,
of immobilized en; -mes system which

¥ of b schemical's ra nging
¢. tion of the Industrigi

production of transgenlc plants such o: pT coiton, tomatc

ior
. ¢ efficient prozuction of agricultural crops N
..‘.‘v\: : A . . .

25t “rees, productivr—, of
--Ng TO;fﬂTp'rb‘\]é e ‘Op — —

nology research Is t=¢ usz of living systzmxs. .
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= A Callus exture :« callus culture may be deriye

= more (or) lazs indefinitely by sub culturing

A, Ll WA e
3 Cell suspension culture
a) Batchculture
I, Slowly rotating .
Il.  Shake culture
. spinning culture
V. stirred culture

l. Ch'emostat
o W Turbidastat

d from a wida variety of plant orgas roofs. shany '

*n A O] e e _ 5. - - S P o - 3’15 rw‘:s’ Shoo‘s’ 'eave o‘
_sﬁ_.nﬁge-;l .{p»sy.‘Eg.- Endosperm;pullan, Thus wheii airy tissue {or) cell culturec nan Agar gel mediyfy(]
unorganize= growing and dividing mass of czils called callus culture, In culture, the proliferation caprhe mapfigecd

2lor) e st every 4-6 weeks, in view of cell grown, nuitrient deg dflionfapld
medium dri ng. - : . ' on S
Calllus' culturas.are easy tgmaintaln and most widely used in Blotechnology, Mynisalation a i ta
ratio in me=um can lead to development i <

.
B e —

i f S.

: goheproduced -

shoots or somatic embryos from’ il whafe Man .
subsequentv Callus culture can be used to initiate cell suspanslons which are use]: w4 fwa in plant - At
transforma= on szudies, ' ¢ / R
Callus qultu- 25 bre

cadly speaking fall Into one cf the two categories.1) compac

8. Suspenszan Culture:- When friable callus is placed Into a liquid e
solid mediumy used for callus culture) and than agitated singfe ce
producsd It the medium s called suspensica culture Liguid tul
gyratary shecer of 100-250 rpm to facilitate acration and dissécla
cultures gre & much faster than callus cultures, need fo b _
“determinat. »n of the nutritlonal recuirement of cells a
“The suspens on cuiture broadly grouped as 1) 3

t (usplr. safne'go:ngosition as the

ndY or sfall s.¥nps of fe\y o many cells-are

maNRe constytly agltated generally by a

nof cellslum, s into small pleces. Suspension

treQl atebery waek, allow a more accurate
Yeembryos. © .

rtifuous culture ** ’

a) Batch culture
These cultv 25 are maintained continuous)s
faedium anv. trans‘esring it to fresh meg
in llasks 110.+250 mi) comaining 25
maintained a csaical flasks Incubs
in Batch cui-are foilows the fixgd
ofircubatio+, a growth curyé & ohtaineq
i.lagphase where cells pig '

Yy pr p\aga’ {53 3 smell aliquot of inoc tum i the moving liquid

R {5X iluﬁ@t regularintervals, Gene ally cel ;us'pen_sions are grown

;b‘je culture medium, datch suspengic- cultures-are most commonly P

thon orkitinlatform shakers at the speed'of =126 ipmThgbicmass growth -

erWh€n the cell number in'suspenslon cul:res is plottéd dgast the time . '
. The calls In culizira exhidit the following ve phases'df a growth cycle.

1, Ceczterz e yhase, wherg es"of call division 2nd elengation de(::'eases: IR
v. StftiEnaty sh3se, where the number and siz2 of ceils rzmain constant.

elly¢gregates are grown in a specially designed fasks, the nipple * ask Eac.t}n;ippl_e. Qask po:;e:ses

ke projections. The capacity of euach flask is 250 ml, Ten flasks are loz ded in alclr;'qla'r m.annef e

2 ol a vertical Shaker, When the flat disc rotates at the speed of 1-2 rpm t‘he Cei.l‘Wl_'lhlf'l ?ech nipp |
e aliernatively bathed in a culture medium and exposed to air. oo ;

ieh\ ni

large vl
he}l/s}t
J 1L

e
~—



2. Shm wlture I /

,s-,. " ~.m|,|ennde!fectlve system otsuspcnsloncultuu in s method, single cells and cell aggregates i ¢ =

w., fauid mediym are placed in conical flask, Conicai f1a:) airo mounted with the help of clip oﬁ ahs E
or

,a,p . .,«plntt ofanmbnalplatformshaker The SQUIR 7i2s dioves by a cireular motion at 60-180 rprm e

3. Sp‘ g culture ,

La.ae cswaine of cell suspensnon may be cuitured in 10 Lbaz e fich are rotated in a cultured spinner at 120 g—

atan URORE NN |

.
N T .
L L Tme , W
o

con Stun;d culturg Ve

" This system is also Used for large scale batch cultare (1.5 t0 10,0 litre), In this method, ¢

not rntuihu:m&mhusml%msrdemwemhﬂvpmspw’d“ﬁ‘mn nuousTy by bubbling sterile alr throu
cultre medium. The use-of an internal magnetic stirrer is the mast convenient waytoa

: --fnly Magne e :mrrer revolves 3t 200-600 rpm. The culture vessst is a 5+10 itres rounJ bottom flask”

B xad
nta!

Pm

he large culture yessel | ,

2gitate the culture medlum

b Contmuouscu]tu:q_qstnm- - —

In this system, the old Ilqund medium s continuously replaced by +
physiological stage ‘of the | grownng cells. Normally the flquid mediv= is not changed until the depletlon of some
nutrients in the medlim and the cells are kept in the same medi

u* for a certaln pérlod. As a result, the'active
grow}h phase of the celldecllbes the depletion of nutrlent. The ce s passlng through out flowing medlum are
separated mechaniga\ly arld relntroduce i the culture .

* 2 fresh liquid medium to stabnlize the,

'—-—1—'Cm:mosmts N
I tRig systern c..lturevessels aresgenerally cylindncal or circular ir
. aarzmionand for mtroductlon of and removal of cells and medium. he liquid médium contalnlngthe cell Is stlrre <
bya magneuc-snrrer The lntroductlon of fresh sterile medium wk _a Is pumped in at a constant rate Into the
vaeselis balanced by thadisplacement of an equal volume of sper 3r oid medium and cells, Such'a system inb e
maintdined In 3 s;eady stateso that new cells,are bydiviglon at  r+e which compensate the nu:nberlost h .
oaJlo.v of spent m*dlum L A

:ape and possess inlet and outlet pores for ;

" 2. Turbidostat .

" In this system the It’qput of medlum is lntermlttent asltis mamly rec sired to control the
gro v01 The turbld@ ofsuspensldn tulture medium changes rapid  when cells
HEPIE g‘)’owlh The thangEaln turbrdity of the culture medium can b measured
mn.".hum In Turb;dqstat an automahc monitoring machineis conne -ed with th

the madnum flowi m such a way as to maintain the optical dcn,.ty a: oH at chos

rise In turbidity dudtoce B¢
Increases Inno due to thilr stead 4
by the charige of optlcal densityo FF
e‘culture vessels & stichi unitsadju™s t‘
en, present leve] -

.
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Ansy Clonal propaquou througb tissue culture Is called microprops gatloﬂ/
f({zlges of Mlcropropag;alion

.Stage.0 prepalaﬂoh & pre-treaiment of Explant
z Stagq 1 muamm ‘of Explant

;- Stage 2 Mulupﬂcatlon of tissue
1. Stage 3 tegenemtldn of whole ‘plant -

/ 5 Staged4 ;-ardemé’g for subsequent field eva?uation
l - I}
Hp

pll"atlun of M.ctoprbpogatlon \
_ M:cropropa !{atlon ofhybrld has the greatest multiplication = dvantage since it-can result |ﬂ large no. of
e ente plant§

réna very tissuie clump take from lhe hybnd p'znts

09 PA:mlnnanrnnf nlnnm.“—- £ . 2 .

p B2 1T UPIULUP U daty 0 UAY00323tION-ScBXD deid S RRINCATIOIT O | — Segsaaanaateste
- n A . . B .
C Cropropogation.{09-10 ]



—“—L'qﬁxuﬁmbmrrvt :
_ In diceclous specles plants of one sex Is more desirable than those of other sax Eg Male a

WAdvantages" — S e .
L ogegenel -

3. Maintenance of male sterile genotype of wheat & onion are useful in hybridization

4 Selective propagation of dioecious plants Eg: female plants of papaya, male plants of asgaragus
5. Multiplication of particular heterozygous superior genotype with increased proclucllvny Eg; oil-palm = |
6. Shoot culture of some spp are maintained as slow, growth culture ofgermplasfn conservation
1 .
3

. Rapld productlon of disease frec material - . '
_ Tissue culture can be used to minimize the growing spacein commercial for maintenance of shoot'plant

ticalh’-umfefmp}aﬂtrm-largmunnuen :

1. Only 1 smail Explant Is enough to gat milllons olg ants with exggmehdﬂgh ‘ulhpllcaidon rate g

3. Rapla multiplication of rere and elite genotypes ] '
5 Ths: =chnique Is possnbmrnatwe in plants species wh|ch do not responz 9 conven_tlonal butk - 3

pro;—.a.gatlon technlque . o

n pla=ts with long seed dormancy micro propagatlon is faster than seed pr.::agatson

Femaa2 papaya, In such cases plants of desnred sex can be selectively multlp ed by thls t
8. This z2chnique Is carried out throughout the year Independent of seasons
9, ,Unde’:.rable_j_ugmue phase assoclated wlth seed ralsed plants does not apm.ar in

of so—e species

Limitatlons

"1, This tschnique has limited application because of high productlo st
2. Ateamstage the technigue has to be: tandardlzed'—_'/__—-n-m /

—

e

3 Suitas:e techniquesofn_n_c_rg_pmp_agaumare not avallable for marfytroplsf= :,. .o By
4, Soma:lonal variatlonmay arise durirg in vitro culture el when M asels mvo'liiéd eg- "
~ barara . ot ¥
5. Vitrifwation may be problem in some species ;
6. Browning of medium s a prablem in .voody(Adulttr ‘s X
1. Requres highly advanced skills Coe .
8. Requ- ¢s a {ransitional period before the plantsareca be gl ladepundent [mmh' S -:-
.4 The p+ants obtalned are photosynthet] ot self sufficlent.— C -:.--'_'
10, The p.antlets are susceptible to waler lassés ihexternal envlronment and they h ‘
ave
exterr al atmosphere Y fo be hardened to ihe
) . : N .. o
: . ' $ - ' . .,. .

L] ;”

dvant4es&lxmlla!ﬁnsloe 10 o

= aS‘ ExplamlhetermSomaclnnalvanaﬂan.‘n;eghacr‘E\"Bi'l'éf 'lké‘é';i;ilii;hrh*
ene c.varlabllity which s generated during tlss e Culturg,

tomaclonal varlatlonzeit IsH
Apprlcatlon of Samaclonal V3
L Novel Varlams y:

“riety named 'Velvet Rose" ha been developed,, * &

| of dlsease reslsfant genotype Tn yarlous c-op specles can contnbuteJ
on va.rlatlon Ex- Sugarcane With reslstance to FlLdlsease Toma*

Oma‘ 3'variety DNAP 17isa
it with monogemc Fusarlum wiltresistance, y

ulted In several Interesting bioche

: : mlcal mutants

eledjon has also used to obtain plants with Increased acld soll, salt, aluminium and herblclde
Salt tolerance rice, maize and tohacco. Alumlnlum tolerance tamato, carrot-sprghum. .

de Resistance: - Through in vitro selection several cell lines resistance to herbicides ha:e been .-
dand a few have been regenerated Into complete plants, Ex- ' o

aflonal varlation Inbreedmg isthatn vel variants can arise and B
gf of breedlng lines have breeyy' develo.ed by Somaclonal varlatfon. '
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| nere crop and slen chromosomes cannot rep
8. Production of male sterile finas :
‘9. Production of antibiotic resistznce lines '

. InsechResistance: - Zetmetra o

Crop RELY

TSI o Herbici Jo
Tobacco

Glyohocate

Mane .- -Clyshneate

et ol Uredinvitroselaction technique for generation of Som;
variants for Russian'wheat aphid |0 {700NIE 0xios) in wheat

! - '-"":"'——."f"« !
Seed Quality: - Recently 2 vanely s 212 of Lathyrus{lathyrus sativa) has been identifiad Beth IS Jouw i
ODAP[nel{rologin)whith is Devziv, e 5y Semaclongl variation that improves seed quality
Aline gene Introgression: - Which can ne

nt glp wicen the crop germplasm base, particularly by cultuny
immatu‘ﬂembryos of wide crosses «

A |
(lL'.’"-?’

Fcate throughnmy ©iots,

-
i . Y]

I.' ™ B

. oo,

’‘

-’

-,
a

\ Aévantbges of-Somg’&b_nal Varlat]on: .
L. The major Benefit of stmaclor
. -
Y

4,

5.
6.

A

ey o O SYMAClor variation is improvement in plant. S
somaclpnal variation leads to =e creation of additional genetlc variability. :
Invitgg etire In somaclonal

. «eriation includes resistance to disease pathotoxins, herbicldes and ; )
tolerance Yq environmiental or <nemical stress,

Micropropagtion canbe carri=d out throughout the year independent of the Seasons,
Avery gf'fectiye selettion can t- practiced at the cell level for several traits e.g. disease resistancee t ¢
This is the only approach for (=

isolation of blochemical mutants, especlally auxotrophlec mutants, | —
plants___° '

\[:

.

L)

Isadvantdgesf limitations: - ‘

Uncontrollable arid uhpredictzzie na:ure of variayen and most of the variations are of no 2z pare
The vatlatlon Is depénds on cv -:var . ¢

The varfation obtaln Is not alw s statle and heritable,

The changes occur at varlable * equencies,

All the chariges obtalned are nrx novel,

In majority of the cases; Impro.=d variants have not b2en selected for breading purposes
. : N

DL e

pinsomaclons 0

Ans:- Procedure of Somaclonal Va

 Unorgasized qatius and cells g1 wa in cultures for var

riation with in vitro:
L. Isolatian of the callus dnd susp- nsion ¢ altures,

Isotatlon is animportant task.
different platispecles,

ince saveral changes are Involved in producing somadonal variation; -
itis ver difficu!t 1o sort ou? the somaclonal variants using a sing

le selection -
system. A nuiber of selection systems are rigw being used to select the'vatlants, ~ = .
. : . "l \ . . L
A. Selectlon without selection ressure '

ous perlods on @ medium that contains no selec ~ive.
2re induced to differentiate whole plants. The regenerated plar
are ultimately transferred to tr- field 2nd screened for variation. Somaclonal variants Of various crog
sugarcane, potato, tomato, ge- :nitun, cereals & grasses and Lucern have been Isolated for various
desirable trafts. '

aents [toxic or inhibitory subs ance), :‘sk
! like

B. Selection-with selegtion pressuce
i

In thismelhbg! variant cell hnes 3re screcned from cultures by their ability to survive In the presence. ¢ a
substance in medium that may se toxic/inhibitary or under conditions of environmental stress. e.g.

amino-acid artalogue and aminz-acids resistance disease resistance, herbicide resistance environmen ~ Al
stress tolerante, auxotrophic lines, antibiotic resistance ete.




J filter off the culture through a wire mesh.

_2, Determination of the cell numha:: -Tske the suspenshbn an

volume of o L
filtrate containing singl ceils .+t clumps and place the drop of this S,US‘p'!ﬂS'O.‘" to haemocylometer to
determlne the number of celiz Ix 1he cquation J '
1
st | Crops o | Achievements . S X :
1 | Rica Seed weight «- -G proteln peicentage, tiller no, panicle length, hm- Gl hiowering.
. "AtIRRIwere .. sived |
2. | Wheat .Glladin protein in seed, grain colour, plant helght, heading, date & \,.el.. were manifested .
Maize _.mémegnm.wsumma%batmgm&mdmmeww}_\ T

southernleaf blight

1 [ potato ReslIstance against phytophlora Infestans & Alter=3/ig soloni < . i ]
"% | Tomato- | Resistance to Fusarium oxysporium :
-« | JoIntless pedicel, tangerine virescent leaf, flower  fruit colour e e
6 | suparcane | Resistance to smut disease causéd by Ustilago sczsmini, downy mnldew eye spptfdlsea
—~—————]geranlum—j-Bevelopment of-eluel Rose : : WA X

" Mwchanism of somatlonal variatlon:
1. The pre-axisting genetlc variaticn in the explants tissue;

e 2. Spontanebus mutation during many divislon cycles of the Explat, - -
3. Numerlal and structural changes In chromosome during In vit— gr
4. Inuracellular mutagemc agents produced durmg in vitro growtk: v/ /
5. Activation  Jumping genes are genctic entitles which have the W h hey :
matured : '}
'Ei'}__l n anse : Sge : Lie 0 ") o] (= 0 aNSEC .0.:‘-- . ou"".

o] (r}']= < ' S l 4 e .
Ans:- Transgenic Plant: - A planti which 2 gene has bee feyre 9 h genetlc engmeerlng fs caned
trsnsgenic plant y .
Varlous appllcatlons of transgenle plant In crop Improve

1 Herblclde Reslstance: - Blodegradab Ighles are mos{desirable but they are non selecuve. Thereféfe the

development of crop plants resistafica-ig esaherbiddess necessary. Thus can be obtalned b‘i three Nays (1) .

Overproduction or insensitivity of tha, W erbicide (2) Degr» sation or lnacuuat:on of enzymes (3[
' Glypho

L}

enz'wne ESPS. .
« 1 Insect Reslstance: - Cry gene oteln) from a bacte: um Bxullus thurlnpensk (Bt) errectlve ln '
. endotoxin) durlng spor ! g . Cly oro elnsare active agalnst larvar ofthe target insec'.s like leldopte{ans,
2:¢f thelr high cost &jnstablht undr field copdi bon. "
A l4) antisense RNAapproa 3, etc. Out of thesk of coat proteln's "
“The effectiveness of coat proxm geneii conferring virus: reslstance an

arice: - Disease tesvtanceistransferredln plants by f= Ilowmg transgenes (I}Genesspeufylng J
Mation, 2) genes encoding insensitive target enzymes. (3. Expression of anubactenalpeptldes(4)
bacterlal lysosomes, etc. Dlsease resistance is inserte¥ In plant by the transfet of reslstance gene in

-6S-



5. Drought Resistanca: —:N(:mbcr of genes are isolatnd, cloned and expressed in plants whicl
-eurce of abiotic stress incrop plant .The genes respansitibe for drought resistance areiso

reitit & transferred in the target plantwhich shows draiahy resistance.

- Lueud protein quality: - Genes for seed storage proteins are transferred into tobacco from cereals and puls e
1 'ncrease the protein quality. Rice does not contain the provitamin-Al.e, p-carotene, Three tr_a’nsgenesv\, Sre
ited in rice by Agrobacterium mediated method 114 a ety variely is developed knows 3 Golden Rice

1are Qo[enlial
lated from the o T he

wwizhemical productjon: - Many valuable biochemicais ure produced by using microbes but it can be madex
easier cheaper by u'sing plants. The bicchem!cal’s can bz produced inplants by transfzrring gene, encidingx
valuable proteins/emymes. The gene encoding Hirudin (

ahitithrombin protein) has bazn transferred In 8,
napusit is expressed iri see’iﬁand‘leudin accumulates In cil bodljes, '

o"' .
‘e :

b BT AT )
-N:—WWC"T' 0Us e2thods of panaiid tr3 0 H:~mm"ﬁ Agranacte SUldICY
.-." % o Jlagrs U810 ' m ' ‘.', . ) Lt Y -
.- Ans, V;‘JﬁousMEU"m.:l's.pf.'G'épﬂ,cTransloi‘inatlo'h- . '
oo 1. Agrobfctc—wnﬁmédlat@d(indlrect method)
Ty 2. DNAmedizééffirect mediated
T -~ Chiemical methode e . 1. PEG mediated _
<. flénroporatlm ' 2. Calcium Phosphate co-ppt _
. - =—Microprojectite—— J. DMSUmediated - ' T
. «  Upcfection . ' 4.DEAE mediated -
2. Migolnjection
= Macroinjection

* Polian transfer
BNA ttansfer via pollen tube
. % Ul sou'r,lg/ laser Induced"
) - "0, Slicon catbide
L.* Fitier medisted gene transfer
Agrobacterium mediated gene trgnsfer:- it Is achie
A. Co-culture with tlssue Explant
8. In planta trensformation -
A. Co-cuiture with wssye .E'i;ilant;- the appropriate gene construction Is inserted within tj'-' T-teglen of 3
. = disacmed Ti plasmid, tither 3 co-integrate or a binary vector s yseql. The recomblnant pNa placed in
Agrobacterium whic s thea co-culture2 with the plant cell or tissue to be formed about 2
“plant species, small v f 0iss, are'exciseq from surface sterilized leaves & used'fos co-cultiva’
tobacco, petunia et = © - -

. .B. Inplantg téar&f&nﬁtién:- surface steriized leaf disc of plants are inoculated with A
* tumefaciens strains hvjrig“a rn_odiﬁ_gd tumour Inducing plasmid & cultured for 2 days. The
infection are transferadtz sel

| 3 selettion medium enriched only with kanamiycin, The regene
PanL Wit 23 weers olbn iy g

ved in following.two ways -

3ys. In ¢ase of many
on. € g tomato,

oactanum
bral drsz that develog
ration of wransformed
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Af¥=Tefn -the process by which the so.
. developed embiryols ca;_:able of developis
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LTy 03,1

2l ortissue develop Into differe
traplantlet.

ntlated embryos4rd

Devglopmeni?attem‘J,Sbma'tlcEmb_wc AN

L SORTaVEEmATYoY , Teraty originaT = = Yy FSteqatE Eells - - -t
4 This milticelular group become:  _eq o bra: roplasmle e o

. and subsequently by cutinisar: ' Tl

With'the otfiej Lells around it

' ‘theocarwallse, .. . II:has ‘
3, The céllolmyis(erﬁat_lcmass continuestc divice toélverlsetogto Hedet shape , torpedo and
cotyledonary stages. ' RER '

. The feature after the globular stage s com-.z. uule o wgolepiphyos. ) /° .
Somatk embryos formed are bigolar struc-res hayin dpluptle—") -
The radicular end Is always orlented tow e callus

: ar='s the cente
always sticks out from the cell mass, :

Ashoot bud s monopolar as it does nothave a radic

As the somatic embryo has both radical an plum

medfa by the Procest by Deamination. )

% Sometimes insomatic embryos, rad; ey donbt prodice roots, in such cases foots
have to tegeneraté fram the sho ¥ seringting somatic embryos. -+ ' .

10, “This process of germinating plantlet ; ' .

€ “.
. : ’%3 embryo Is called as somat'i'ti'cdr'wers'atlo'n
11. The somatic embryo obtalned fro fxp «Q .
where somatic émbryos regenprafe

o

-3

tmass \Jvhilg'ti_\e plumular end

9

=
o

L e
.

w

Intoroot and__shoot respectively In'the same

ressed so

‘ cal sfarehtermed'asbrlmarysomat!cenibryo.'l‘n-somecases -
o0 aisde of other somatic ey yos called 45 Sec f
arcy . ry Calledas ondary.Sqmanc
A ”\ N\ ' S RS S | an
AR\ A N ) ‘
| Srno- St{};faﬂc e\‘ntﬁvo \ ~ ) -Z_Vg;tlcembryo Lo T g
1 g mbryo/derived fhemKgvy cean A embryo develop rom Zygote{union olgahetes)
}lspeq{orsarﬁwdﬁfelow Suspensors Is well develo
Do not undergo desfecation & dorman '

ped:
‘ : Undergo dormaney - '
s no se'ed coat & hence direct contact Has seed coat & hence not direct coritact with :
\| With medium ' medum
$ are somelme recalcitrart Cells are always ic'silbot'ent . —
{ Cohesent stage [s absent Cohesent stage Is present - .

.
¢
-
-
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Ans;- Tissue Culture: - p| ulture is define
under aseptic and controlled condlitions,
'
. l. .

Application o!invitro‘culture:

i. ~icropropagation: - Micrdpropagation is the p
large number of Progeny plants, using modern pla
multiply novel,p!ant's,_suc.h_as those that have bee
breeding methods. Its also used to provide a suffi

which does not produce séedls, o does not respo
. '. ’ .

t tissue culture mathods, Miero
A genetically modified or bred throu

prOpagption is used to

! gh Conventional plary T
cient number of plantlgts for planting from a stock plant

nd ‘Well to Vepetative radrodyction .+

ca SR ISVeR--mpertant in hdrlicultureand-silvicufturé.*"f""-"'
CP I . "':. ..:..’."" ‘ . . ) .. P
) -Production of genetlcally

' nmber of cells that Oce

Variable Blants: - Tissue ~iture also produce the varfation iny the thromosome
urs after a number of serla” subcultures, - '
4, PI'aﬁt PalH“ology éngl' Plant tlssye Culture:

-Eradicar 2 of viryges [s pré'ctlgélly achleved by the apital Merist em
culture because the aplcal Meristem are generally azher

frz2 or carry 3 very low concentrition of vituses, T8¢
e, aplza-LMer'Ister_&cylty'ie-li,tbem\I}Lway-thtaiﬂe:—:reler%#-v{'m:rhee-ﬁhntwhicﬁtair-ﬁmmlﬂbﬁed—*‘ m—
vegetaiivelyﬁhdg'r"gontrolle'd condition T e
L '
5. Mant breeding, Plant Impr?gv'em'gnt and Plant tissy-a ‘culture:-_The conventlonal breeding meth_oc_is‘ aretha’ -
widely used for crop Amprovemeént But in certain scaticns, thése meshods have to be supplémented with
plant tissue tultufé{t‘échrilqu‘és' either to increase, tt i efficiency or to achleve the objective which Is not

possible through conventiofial methods, Embryo ¢ nly used [n the recovery of the hybrid-plants
from distant ¢rosss™ o .

6. Production of useful blochemical: - Various plant cell cultyres are used to obtain the va
biochemlcal under In Vitro conditions, Ex.-nicotine, [ropine, caffeine, ete.

L ure 1y mal

rious types of

7. Presgivation of Plant GenetleResources or gene ceaservation banks:- conservation of the plant genetlc-
. diversity or gérmplasn which are rfeplaced by new j..ant tullwars Is the nead of recont agilculture, Eentraliy
" gene banks are th'e'pr'écticé,l L«ays tosolve these pr. lens

vonventionzlly thesg germplasm are' stored in thr = °

- ot Betatr <ly prcagated phants, - ' '
f3rm of seed but it IS not-applicable for the vegetatr zly L ‘ .
8. Somaclonial varlation:- The ganetlc varfation obtair. 4 through the tissue culture, It s most Important for th e )
. breeding purpose. The varlation may be beneficial ¢ har . but thé variatlon s essential for thebroad -

chniques?(11-12)7(10711)
Ans: Anther culture -'ci:lturlqganthers of precise & cn-
buds & cultured on actificlal nutrient medium.
Factors AHecting Anther Culture .
1. Genotype of the donor plant:-anther culture is majzrly affected b
characters exhibit by the mother plant are somewh
is due tothe genotype of the parent plant

‘ 1
<al stege which s ta be Isolated from unopened flover

¥ the genotype of the donar plant. some the
& different from the required characters & this difference
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Anlth veall factor:- during anther culture , the walls of anther is rupturad ir duor to release the pallens -

i whichare present in the anther thus new plantlets afe developed from the n material, thus il anther wall s
are not properly ruptured they may cause disturbance in the process of ar.it. . culture o
. - Culture medium:-diiferent types of culture media support differently resumui - ot the Drganoids if proper
3 * .cuhure medla is not used. Generally MS media is commonly used
3 Development stage of anther:- (ully matured/over .. ... jod MMthers 2. « suited for the anther
culture as they lose their viability. Proper immature, Int ermedlatory stage are chosen for c‘ulture'
- 5. Physlolegy of donor plant}:- the donor or the parent plant shou!d be weli « .ped & highly prolific which
' o shou!d be selected for Anther culture, It should posses health physiology
5' e *rgmperature. temperature Is the thermal gradient for whlch affecl the procc: of anther culture ., Suitable
ﬁ_—-—tempanxu:e.or.a.uher cultuee js34.28°C S P —
U
, ;'mitution Of Anther Cesturé Té&ﬁﬁiqﬁ'éi""‘" o
’t' 1. The frequenc. of haploid productionis Very low. *
5t 2, bevelopm nt f haploids by tissue culture t°chmque requires h gh level of knowkd & and map_ﬂ;grpgon —
‘;—»--—-——*'-3— -Besldas haplerds; differantPloidy levulsare produuéd E: triploid; tetraploid,
oL 4 The callus der~ved from anther culture Is usually harmful to haplold produthonf )
' lsolatlon of haoloids from cultures is often difficult, ' e
' 6 Haplolds viltk aarmful tralts frc.quently develop in cultures
s 7. Thedoubling = haploids may not always lead to formation of homozygous plant;
8 Itlsnot profitzble due to vary low success rate - )
i e '
. ‘
. . RS " :
N Jai2;Explalnin detail sh iiarious Aralicatlasal gmbxﬁb‘tuuh?e?uﬁz) - 1 g
‘:..'.‘ MS. * . : : N )
Ab
-2 Co, Producﬂon of rare hybrlds from Intergenerlc and interspecrﬂc crogses. - ) .
“ ) The hybrid embryo falled to developdue to poor (or) abnormal dev GlOpment of endos;:erm But In such'
4 - cases, the amaryo may be potentlally capable of normal growth and dlfferention Dv hybrid plants can be
ralsed by cult ring these hybrld embryos before the onset of abortlan,
2, Development of disease reslstant plants
Embryo cultu- ¢ has been useful in evolving djsease resistant plants. Eg:- Tomato res, .tancexo \-uus fungi
and nematode Llycopersican eSCu'emum.xL peruvlunum , Potato - reslstance.to pou.o léd! roll virus
So!anum tube oswym x S, tuberosura _
SRR W0 <1111+ L hap‘o‘ds : ' T e

This technique represents a contnde.able advanccmem inthe production of barley raploids-and It has 2
number of 2c-antages over anther culture. The fréquency of haplold formation Js'q.+te high by thls
method. ! 3o dition, no aneuplaids are obtained by this methad. But.this. lechmqur aasadisadvantageof....
belng highiy 1.borious because it involves crosslng, embryo exclsion and then regen- ration

4, Overcoming seed dormancy: p

Embryo ciitu @ technique is applied to break seed dormancy which can be caused t- numeraus !actors
rcluding endagencus Inhibltors, spedfic light requirements, low temperature dry s orage requirement

and embryo immaturity. These factors can be circumvented by embryo excision anc culture. In some fruit
! traesemhirvonz recitired a darmancy nerlad aftar rinaninag hafars aarrminat Am R PO
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e mn e
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5. Shortening of Breeding cycle )
There are many species that exhibit sced dormancy often [ocalired in seed coat and (or) endosper— 1 g,
A removing these Inhibilors seeds germinate immediately. Seeds sometimes take up water and 02 v— ery
' slowly (or) not at all to the seed coat and so germinate slowly if at a[l Eg:- Brussels sprouts, Rose, A, prle,
oil paln. Iris . :
6. Propagation of rare plants:- ) .
This technique Is used for production of seedlings from seeds of naturally vegetatively propagated g lants

such as banana, colacasia esculentum whose seeds do not germinate in nature,
R ' '

- Lo
B R

aver aata
g . .

4 I Proggga'ﬂdf\:_'élor%idx-- - - P - —'—
¥ Orchids-arg‘difficult to propagate as thelr seeds lack any stored fooa (€ ndosperm) and gmbryos ar

" . . « " Y % « /
‘, virually naked. In many orchlds embryo developmentls Incomplete 2t the time the see.ds matiire E;: ‘(tbe/r/ .
- N young [or) fnature embryos are exclsed from the seeds and culturec 3n nutrient medium to gokvi b‘J:y..C\) -
DN phnts e "
"7 8. preventlon of embryo abortlon with early rlpenlng stone fruits *© N Y

Some species produce sterile seeds that will not germinate under ap Ig;e,condiﬁohs'éw’

decayin.iol!; Eg:-Eadyrlpehingvarletles,ofpea:h,cherry,applefl ete

(Y] e

" : L
. ster “li“-ﬂ Is carrled ou‘t.!;y.lmn}e,rsmg the material In hypochlorite containing commercial bleach

%

ng

é}n (7 K,/JA - _

¢ 3. Clonal Micrég.pfo;zgatlon

_ The regenerdfive potential is an essentlal prerequisite in non-conversoqal m dé'éf_b:id'm genetlc

manipulations. Because of thelr juvenile nature, embryos have Migh pMenyal of regenerationand he #cé
§ and Graminaceous '

may be used forIn vitro clonal propagation. Thisfs espec! iyt OkE
members. ('S':e;r‘rnfl_ngtlon of seeds of obllgatory parasite % sy Impossible iy W bt .-
achievable l'n ._e;;:fbryo culture | - Co :
A Z/
" 10, Rapld seed viablity testing:- A |
. Germination of exclsed embryols regardsd 4 mere reliable tast for OJ‘é'fm‘ni'ﬁg'see'd\;iat;ﬂiiytﬁan s g2l
", iaining methods: A good correlationfigs beefy shg efwegn the gr=wth of exclied eniff;os.o}' T
inripened seeds and gérmination otelpkned's€ed4f peach. Peach sev is take sEural mokn"th ‘to’

"'+ germinate undet:normal conditiohs,
: .

de

' ks

~ . ™

i3:Dilbethe teckifidliesofembiosaliiraal {340 i e T lrewr s
Angsi-Technlques Of EXDIYACURBLEN, et et |

Yo

' -xcision of embiliq
3. - mbryo-dpdosperm Yarsdla
4. wtritional Y
55 1ale ofom

|Ilz;'1'ﬂon ‘

-‘:;: o bp’;‘m / ‘P‘f;"t,ff.'?fma"v develops Inslde the ovule which In turn are cavered by ovarles, Since they
sterile envlronment, - - - .
Injured ment, diglnfection of the embryo surface is unnecessary unless the seed coats re

{stemic inféctlon Is present: Instead, mature seeds, entire ovule or fruits are surface sterilized Surfa
. ! . Ce

e et for 5 to 10 mip,



infection sOULION N L3 Q1 WHCLLITO
. _rtant [Teepol) may be 3112010 disinfection solution. jn C. N
asel wmiount (001-0.1 %) of a surfactant [Teepot may = 7 ¢ 10 rin exposure to 2.6% sedlum bypochluc i
o . . 10207 alerh o haE i .
sy = 2xcised embryos may be immersed in 70%
stc\.?: . - .
'SCIU”G'.\

*e

2. Jxcisionof embryo e v aw hood. A stereomicroscope (SO X) eguippr- ¢
. gmbn- cacision operation is carried out aseptically in g lsmina e T:: ) —~monty used d[g'secfmg t00ls are -
with Loﬁi-ra‘,' fluorescent lamp Is required for excision of small embrys. ”.'.'? com “ry,d i ot el
. o] * rm 2 h J.." ma val .
. forceps, dissecting needles, scalpels, 1.1or blades and Pasteur .—n—f‘;&‘* :' 3l lle:m + Fourddave hafoce stast

¥ el ) D ¢ 3 hard<cost geeds IST ew L LN S A L2

: g‘dangg gase by splitting open the seeds. $o3k nz 3 3L e o the lnclstoh lsmide a2 mikcra Bol

. pakesits dissection easier. In case of embryos embedded In liqulc en=osper, the Inclsionis : pelar

orce the ambryo out through the Inclsion
gnd of young ovule and pressure; applied at oppasite end 10 force th2 2mbmyd out tarouy th 3

. SR
3. Embryo-endosperm transplant e ———— S
=Rk serg Jillicult to culturcembryo InVing whith aborts at very eary =ages of deve ?:‘”ei‘ bécause of lack of- .
knowledge of nutritional requirements. The chances of development =f immature or abo(ine embryos Increases if

v ‘ = »1 iz ' 2 -
they are surrounded by endosperm tssues excised {rom another seec of same species. G‘enme‘f an endosperm ‘.
glder than the embryo by S days was more effident a3 a purse Ustue Dancre of the same age as (‘he emb .

-

Rt

Rye Lo
s = Nutritlonalsoqultement— . e ; ol
he Kutsitional requlremeqts of an embryo durlng its devalopment ir ma camgiinuts tam ghases: (a)heterotrophic
phaze an early phase whereln an embryols dependent and drsws upen the tadaiperm and materfal Ussues and b)
The autotrophic phase In which the embryo ls metabolleaty ¢a

{ apable & wyntesl 'ng'wbﬁf;?l required [°$ ity
gowth, thus beceming falrly Independent for nutritlon L ek e

.

A
- e

S. Nola of embryo In suspension culture, _ :
Suspensor Is actively nvolved n embryo development. The suspensar 's 31 ephamenal strogture found atthe
radicular end of the proembryo and attalng maximum development s the tima tmRyore i;hes globular n‘aée, In-
cultures the presence of a suspensor s critieal particularly for

the survead 2t young-2mieryos. The re :
‘ oung ImBeyQs. | quirement of
the suspensor may be substituted by the addion of GA or ADA tothe ultwee madivgn  * SR

IV a

gt B R Mt oraciicnror e ey o R

Ans- Medla itls 3 substrate used for plant growth n;ch 3s soil, sane

133--1;3: e . ) " »
_______ . X Inorgank sak: Divided Into two 810424 3 m3jer b) minor sape R

) z:}:r le.!s: The saltsof K, N, Ca, Mg Pand S congyiny, e mé m}oualuhu S

e :smtr‘ate Or ammonlum salts, sulphuy sulpha e and sho ‘Dho; irogenis generally

b .Thnor sa!)u. The salts of fe, 2n, M, Boron, Cu, Cobal Mb, wodine Oug'as phosphages. —

ese saits are essentlal for the Browth of tissyeg ang Jre ,’l.qu“:;:;z".‘lkg'yp the minor salts, - e
Jn lrace quantities.
2. lron Source E ¢

Qut of all the s : .
PreclPitate‘i: ::: :Z‘;ments :0" vl Critical. i has be 2n Observed th ron tars |
um and pase g.ificulry | Moapte rved that iron
EDTA Le. Ethylene Diamine Teln Ty Inits utilgy ation tartarate and citrate

e Acetic Add. In 1h >N Therefore, Iron 15 ugeq | fo '
23 its utilized by the 'iVina cells, Hs state, it 250 3 chelated formo

gradually releaseq Into the culture medium' ‘

\ ' )



3. ‘Vitamins o

 Vitamins are organic compounds synthesized naturally In the plants. Theie:
- inthe cultdre g, iviost comm

only used are nicotinic acid, thiamine, Wi
o, riboflavin etc.

ﬁ"

e, these gre Supplemented

uoxine, biolin, ascorbic acid,
...p .

T4 .Carbon Source

.. Carbonls supplied as a sugar usually sucrase. It gets converted into glucose ang fructose which are
- readily unllzed by the tIssue. Thus, sucrasa Is foltowed b

Y the use of gluccse and fructose, gy autoclavecy .
‘slucose and fructose do not prove much zneficial, o

5, PlantGrth Regulators U :

Plant growthi reguiltors ean be Categorlies as:

B Au,u.u. “Ausing pussess theprozzity e Inducing cell diwanun, €
- dommance and rootlng There a= various Auxins which'are s
nutnent medium like IAA, IBA, 2.2-D, NAA, 2,4,5-T, pCPA, MC
b. Cytoklnlns These adenlne derlvetivesinduce and enhance ¢
' Commonly used Cytokinlnsare B=P, 2ip, Kinetin, 2eatin etc
E Gibberellins:: Some plant specles "equice gibberellins for growth, GA

gibberelhn, enhances cell growth and prohleratlon, and also helps
d. Abstisk acld:- The effe

. klown. to Inhibit and enhance grewth of cells

: Upplemented exogenbushvin the
e PA, Picloram

ell dlvnslon, sh

G ‘Organic Supplements
A~ Besides vntamms, organlc compounds dre sy supplemen

", ~.Case|n Hydrolysate, Asparagine, Prollne et:. Addition &
- wproduttiop. Moreover,.organic extracts of -
Care chlefly of natural orlgin; like coconut mi

:J}te also enharices shoot”
added to the cultura media. Thes e

7 Gell‘ng Agent
wo Toprovide asubstrate for the growing eyl

A Md media s $0|ldIfIEd uslng Agar, Gelatm,
.. Blglnate or Phytagel. However. agar-agar s ;(;e é}: 0st, as it does not react wlth the constituent <s
. ‘and isnot digested by tha 6/

-

~ -
-

S ‘ |
L zH affects the growth o! ant tisgued\and > herelore, it needs to be optimized. The pH af!ectsuptakeof .
oo Ions for most of medl} 5 ion.Qpl_ «m pH ranges between 5.0 and 6.0. '

9, Actrvated Charc y
itls) known‘to rﬁ1 lat cowth and differe-tiation in certals plant Species It also helpsmfeduclng toxic

' effect o(fpe harm cr ofthe cultwres
10 Antlb qs Z

hough‘{lé' addm(n of blotics Isunde wrabie, in Explants suh‘erlng from systemic infection it Is usecs
' %}ercomg contamiha on oftherosultan cultu:es

|uu°alen OI il'lt"mb' PN TVITIN I




AT ON R 1 b T T YAt A FEHN LM STl Ty T S S ay~, !
SRS TAhAY AR B EN S T aTa e R nyne 3
A T T s e e
LA S WA M. ‘e . "
» ‘KM;. cematic hybridiration:- production of hybrid planuuu.,t.g;h the fusion of two different plant spp is calisis -
samatic hybridization = Bl
S steps involved in somatic hybridization
5T isolation of protoplast
.. Fusion of protoptast of desired SPp_
> Selection of somatic hybrid cell
2 «. Zulture of hybrid cell -
\»\-‘;\;\‘ -
i{:r“wetﬁ G5 FoT Protoplast Fusion . —
‘R 01, _Spontaneous Fuslon \ . _ ' T
S Somelimes fusion occurs without any éontrol during the isolatlon and purification of protaplasfs, This results in the
{:‘;\’L['}:'..‘"..d;u-‘.“.. ..i,..._..,,.,f -0 bka ons ra"h ‘h d\-‘_‘d I - " > > .f‘ .
LR pﬁgﬁsﬂ_@_o_h makary er than desirec nelerokaryons. These homakaryons contajn multmuclear,boqle;
\,,“ W ich are mainly farmed due to the expansion = plasmodesmata of adjacent cells during e'nz?matic digestionsThis
,\iiv::,;'.‘:: ~ process is known 25 “spontaneaus fusion®, Somar .

s _ orTimes thesa multinuclear bodles contaln 2-40 nuclel. A diffézent™
e, e cfspontangous fusion wasreponed.in-twc.:ili:aceous.species(Ito.aniMaadn,l.‘lH)..EmIoplasIs.‘o fhése) N\
: sed'just upon physical contact without any extepfatinde

.
.

I
) ¥
3¥i°

n=*  specles obtained from meiotic pollen mother cels fu

1"‘::?.%‘

'i,, 2. MechanicalFuslony__— " . | . xY,

%&-‘:«h - This type of fuslon does not requlre chemica ageni. Mechanical fuslon of protoplasts Is a¢ Rmplighed By pushing -
3 ‘?}_'___'“'._ togéther twa protoplasts as In case nl’Acerabut:ﬁq. Moreoaver protop asts coulc ¢ tised by Srelul Tas pnEwia  ————
;ﬁ",x de pressionslide readily after Its release In enzy=atic solution, However the majn -- i o ethodisthat -

I}: protoplasts have a great chance of Injury. =N\ e ’
@5 3._Immunological Fusions— RN

":ifs:'n'.r : Thlg"t_yﬁg of fuslon was employed by Hartmann, <t a), (1973) for th

gai oplasji/ bbit which causes tﬁ'g;
« agelitination of protoplasts, Antibody of Glycir.2 and Bromus

ed e agelutirytian\nfprotop 25ts from suspensjon
e _:cgl_t__.@if:é_ofafomus, Glycine and Vicla, Immune scra is prepared
(i _ . acted wifh agglytinated protoplasts of Vicia,
.~ These protoplasts showed division afterantibocy treatment, RIS '

NS

"'.E.-.;;-':.
. N :
3

W71 A: Chemicalfisory_— / / « LGN
¥ Chemicals emplayed In this method are polyetrylene Glycdl, Rol w%lydelyslne, Sodlum Nitrate (Nﬁ;ﬂo,),
o R L T oo . e e e . . - . . - toA
3 Dextrosulphate, etc, Other requirements are C» h pH, etc:. - ‘ T

- ' 3) Sodium nitrate (MaNO,) . | ..
Tty b) Combination of high pH & Ca ++ . )
s =) *_Polyethylene glycol (PEG) - - R e
:— - Fuslen of isolated plant protoplasts is pgstible\ ndencentaid physical conditions, These chemicals are coupled with

o physical conditions %o alter the prop
' " Protdplasts, The assoclatlon of pr
and"1s "agglutination”, if cells

of Iner hranedwhich facilitated the form

ation of bridgé between two..
lasts h )

e described as *fuslon ke soap bibbles® a "plasmosyndrsis
A apart from each other fusiop would not accur. For fusion L
¢ protoplasts is a myst. Nagata and Melchers {i978) demonstrS{éd- ...
‘ resence d 33S-potentials with the help of electtophoresls; These potentfalsiare
e et o GV Sl o voon the cl e st sty bl oo e
' + removal of negative charges f ; ntr. ."i-"6f'iﬁi)"iﬁ'M"'é'ﬁ"d"lé't'ilit"a'téi‘é’ﬁ‘g’}ﬁﬁﬁ‘a‘trﬁh“an'd fuslon, Any chémilcal

i g’l‘uces the protopldst fslor is known as fusogen or fusion Induciné_»chemlcals. Polyethylene’

be -
\

found to be an efficient ! ision inducing agent.

given by Senda et al{1979) and Zlmmen:man and Scﬁq"urich

fidization of two auxatrophic tobacca fines by Electrofusiomhad been e‘stabli;hed {K,ohq':anrl



Electrofusion acts as an alternative maans to themically induced fusion, Chem
di;advantagas like: they are toxic at high Luncentration (40%), their rem
and they also cause the production or muitivucleated undesirabla fusio

ical methods hay ., ‘
avalis a must fromprovs; -, .. der o
n products

~— ¥ —’;‘:‘Z"i?}r‘".f ”'- r!‘.‘l"?'-‘n’TT"’ > m‘”w;\ﬂ -“":(,L-.:‘j,‘::.:“,;:-;- "o
RNkl olepuar Rk R o ety :klﬁmm&;.;@m
LS YA .
0101105521 !

Ans:-Molecular Markers:- Amolecular marxer may be defiiied a¢ 3 DNA se
mapping as it ¢an be located ai1a specific site in a chromosome
(KN [} Ve ‘.

Sl e "o

yses of ma B : T T ———
Types of maker’ : — ‘
o 1. Morphological marxars
2. Blochemical markess
3. Molecular markers . o
reomeree mimees —-ANon-PCR-333 I .
o . :'.LffResfy <tion Fragment Length Polymarphism RFLp
3 ; B."'ﬁ't':.k basez '
K P L - Ranc=m Amplified Polymorphic DNA (RAPD) . .
: 1" Amp:ied Fragment Length Polymorphismm (AFLp)
A, Varia=le number of Tandem Repeat ONA (VNTR)
4, .DNA =mplification Fingerprinting [Af) R
5.~ SImp= Sequence Fingerorinling (SSF) - '
' . L Minisatellite
i Microsatellite

A1 Restriction Ei'aénie,nt (grrath'Poiymorphism RFLp * _
It refér's“tb varlations foung w=his tha speclesin the-leng_th of DNA fra

RFLPsare the first fype 6!_ DNA markers developed to distingulsh Indivi

. ific eadonuclea < e,
> ) distingy iduals at the pyA leve] :
Advantages : .

.H

ItIs simpie & cheayer technique of DNA sequencing

. It does not }equlre special instrumentation

'M:ij"odty of RFLP markers are co-dominating & high locus specific

RFLP are powerful aols for comparative & synteny Mapping

+ " Numerous sample an be simultaneously screened . ) 'L

Dlsadvantage L :
1. Developing sets of RF( > prbes g markers s labour intensiye

" This technique require « high quality of DNA :

The multiplex ratfo Is bw -

RFLP finger 'prlnts_f.or multigene famill§§ “'!_",_Q.Q,ftgﬂ_!:.ompletey&.difﬁc_ult to'scgrg: :

.- The genotyping througsoid is Jow ™ '

w o

wr :b.

Ln.r:.g.ugu

-B.1Random Amplified Polymorphic DNA (RAPD)

Itrefers to poly‘morphl_sm founc. vi thin a species in the randomly amplified fragmen;s cf DNA generat=d by
restricl.ion endonuclease enzyr+2. RAPD are PCR based molecular markers this technique was propose-t by |
Williams ef a) 1990.. The RAPD r arkers are dominating

+ Advantages s
L This technique is simple & quick
2. RAPD primers are readi'y avaiiable
3. Wcanbe employed witk any specles using universal primers
4. It provides more polymarphism than RFLPs

« o U

.



1$aadvaiiteyco oo ‘
Dlsal ‘The detection of polymorphism is limited asincase of RFLPs
2' This techtiyue only det:cis dominant markers,

s.2Amplificd Fragment Length Polymorphism (AFLP) |

A'FLPs are cifference in rastrictlon frzgment length caused by SNPs(single nucl:

createsor abolish restriction nuclease recognisation sites. AFLP assay are_:'perf.

pool of reslriztion fragments uzing PCR

Advantages ' ) ‘
1 This tachnlque proyldes very high multiplex ratio & genotyping throv. it

;_———Eﬂhl&tech:ﬁmcanbe-appﬁemmuahny o

s¢ /1::2r2hism) of INDELS that
QL ctivaly amplifyin'g 3

: 3. Result devesoped are highly reproducible
4. Nospecial mstrumentation is required
5. Start up cos: for AFLP Is moderately low ’

“ - Disadvantages |

~— L. Hehquilt ONAs needed to enswrecor e rsticion

2. The homol=gy‘of restriction fragment car.,,.| be unequivocally asc-
= 3. Itis difficuk: to develop locus specific markers
4, Itgenerally nvolved radioactive methods throu
rarely usec

. " 5. The maxlmum polymorphic inl‘onmtion_cont,ent for any bi-allelle marReE\ Is 0.5

d'3cross Zenofype

gh non radioattive methods are av—:jil_‘a

tl!é.

+ B.3Minisatellite or varlablenumber of tandem Fepeits (VNTRs): The iﬁoffd@i } 4
markers are the var.able number of tandem repeats (VNTRs), The VNTR arChigh P
to PCR analysis becase they have large sequence matifs (about 1800 bp), VNJE4eguence

varlable number enz to end duplications of iduntlcal.of almost lde_nﬂcal,se
common In mammars :

ses, 5-50 base'éggfe
BA.Microsatellites or simple séquance repeats (SSRs): SSR

hexa nucleotide motfs, Tha SSR length palymorphisms are cay
SR locl are individually amplified by PCR using palrs of oligonficle
Mlaking the SR sequence, -
'A’dvantagés: '

1.« The SSRmsrkers tend ta ba highly paly,
L Most SR markers are cq-domir(@nt 5

3. Thisis asir"ple PCR based tech 1qu;¥/
Disadvantage = = )

ences In'the nuaber of repeats. The

1, . The develosment of SsRs is I3
 The cost of develop- g SR markers,i§

avtasenana,

1 R R Ty v.n-... te s g egaigitni g (ace, .,,‘ . :. N ‘. ::‘:.'
..... o o J 'ﬁhuﬂ}ime-'omllnbtenwin.plan!slencefﬂa,ﬂ PR
& : cell td produce the entire plantls called as: otipo}eg\q. N

even olter acell has undergo

entizted cells retain the ab

membrane System and a viable nucleus

e finalditferentiatior In the plant bogy. In
ility to régenerate ta 3 meristematic state as

it _ rsib ;For a differentiated cell, ﬁ:
. ': St undergoes dedifferentlation follawed by redlfferentiation, The phenomenon of
650 1he mer ming undifferentiated callus tsste s termed -

el revertin

»

mono di, tri, tetra, penfs; snd

§ specific to unlque DNA sequpnces



» The phenofnienon of tonversion of

: componeiit cells
‘redifferentiatior,

,0f callus tissue 1o wholo plant or plany Organs iz ¢y
’ ‘ 4y Q\,

tall, cut 20m long internode .
70% ethanol for 30sec

; m hypochlorite) for 15min
~Wach it 2:3 ¥ieiog with distillad wates ' '

petridish, cut it longitudinally into 2 nieces .
Toinitiate Crgahogenesls use ms medium + 2mg/lit1AA +0.2 Ez/lit kinetin
7. Culture islncubhtg'a at.25"¢, 100 LUX, 16 hfS.Ethop:erin q .
+ Callus formatign take place in 3weeks b
"+ 9:;Shoot formation takes placé |n 2
10: After 6.weeks roots can'be Indy
1, The plantlets are carefully trans
., purpose t i

1
2
3. Incubate It with Na0dl (sodiy
4
5
6
7
8

Y Using -ms + 0,02 mg/ie 1aas Y me/lit kinetin o B
-3 wefaks by using-ms + 0.2 mg-ﬁt 1AA + 0.02mg/i1y Kinetin
ced using-ms + 0,02 mg/lit IAA+ 3,02mg/i Kinétin

plantedin the polythene bags 2+d taken ta"greenhouse for hérdening

EZFIGIOt0i Tor Lailis Cllitiifa . ——-

1 -:{gi:::sh‘t.aprf:ot' nder runnirig tapwater to remoye al surfa <e

2. The tap root ls:thg.'{\ dipped into 5% *Teepol” for 10 minutes anz

.3. Thetap rootis suyche sterflized by immersing in 70% v/v ethar.

" minutes in sodium hypochlorlte 0.8% _

4, -The foot ls‘wasﬁeda ﬁ_mes with sterilized distilled water to remave NaOcJ,

5. .The carrot s then transferred to 3 sterilized petridish contaiaing 3 filrer
“* 1 mm In thickness i€ cut from the tap root using a sharp scalpel

6. Each pieck is transfer to another sterile petridish, Each plece cortains a whitis}; clrcular rng of cambiun—s

~ .around the plth.:A'n area of 4 mm’ across the cambium Is ct freen each plece so thateach plece contair s
T partof phicem. Caimbjum and xylem size and thickness of Expla’ t siould be unlform
7. ﬁlways ghelid of petridishis replaced after each manipulation

8. The closure (cotion plug) from a culture tube is removed aid Naned the Uppermost
"+ wend. While Holding the tube at an angle of 45°, an Explantis trar sferred uslng foreep

.
alJ Uy

of tarot Is taken and washed thoroughly v

————

then the root Is' Washed
I'for 60 seconds followeg by 20-25

paper. A series of transverse sli<—e

-~

20mm of the .oplen

; using force ;pntosurféce'orth e
+ agarified nutsignt miedlum. Nutrlent medium Is Gamborgs 8, or VS riedium supplémented wit 0Smg A1
4,40 . - , . " .
9, . The closure is immediately placed on the open-mouthrof each tibie, Dite e

eﬂfum and name of the pian €

10, Cultures arc incubated In dark at 25°C In culture room, '
13. Mter 4 weeks in culture the whole callus mass is taken out aseps
divided Into two.or three pleces : _ .
. 12. €ach pleceof callds tlssue s transferred to a tube contalning sar e frésh medium
13. Prolonged culture of carrot tissue produces large calluses.

s arewritten an the culture tube by a glass marking pen or per!cil_

<ally on a sterlle petridish and'should b €

Biotatol forSuispersjo colitre RS
1., Take 150/250 m! cdnlcal flask contalning autoclaved 40/60 mi liguld medium

2. Transfer 3-4 pieces of pre-established callus tissue (approx. 1 g each) from culture tube using the spoon
o‘-.headed spatuvlato conical flask. !

3%




amical task: close the mouth of conical flass .« ... .ce-0f Aluminium foil or a cotton

o b e b

3. flamzt A' .. ire it piece of brown paper. o
plug. C“ - i:; 1 ¢hunps of 3 rotary shaker moving at tner ¢ i lpan -3

; ;’;;isn .+ . :cur ihe content of each fask lhrougrr the 5t -1 sieve (12_0"9 dramerer 60-100 1)
and celles 1 it st in & uig stenlited container. The I]IU«;'\\.' R ’fC! CL”'S and cell aggregate s_

6 Allowti .. ruithrior 10-15 minute or centrifuge th2 = - 50 to 1000.fpm and finally pour
off the sa; .o 3% . o e g .

7 Resusper . - celemarequiste volume of fresh b7 . cid Gispense the cell suspensiory
gqually 1o v e ifiizag tasks (150/250 ml). Place the fizsns .o . w20 G0 nd 3"0 V lhe freecells and cel}
aggrega\b <0 3ToW. * "

8. At the neal suUTTITTe; Tepeat thepreviousstepstrut-tere-oftiy-6s - -mh-oi——-».resrdual-cells.as &-&\___

* Inoculum a~d dispense equallyin (lasks and pgain place iem on shaker. i

\D

. Alter 3-4 sudcultures, transfer-10 ml of cell suspension fzm eacn tiask inta new,ﬂask containing 30 ml
- fresh lnqu d mecium L

¢ . .
o /
« e O .
."_:-' ‘o
D 5 AR TETD T A R XTI (o s TR b SRR s C e e -‘f':--‘-*-—---'-—- S e ——— -

' The plant materlal used i is Duutus crota b M f @Z‘
1. Select l2af petiole (0. 5 to lcm) or rool segment from 7azys old seedling (lcm) or ca_ fm tis , -
cm’). :
-~——2—Teansfer.it to sefni solld ms medxum +0.1mgd 24-d+ T suzrose o |
3. Incubate cuiture in dark for 4 weeks...it forms the callus ‘) T -

A, After 4 vezicks c2ll suspenslon culture is Initiated by trar=lerning 2 _wr
- 250 ml Erlenmeyer fiask S
5. Placa fask on horizontal shaker @ 120-160 rpm, temp 237

G. Subculture the medlum after 4 weeks by transferring 51 ce-l f}@ n.~ Smp of frésh liquid mediumy
pas

7. For uniform embryo developmenl from ceIl sUspenslon tis to 3 serl&ls of slaln!ess ste'el

mesh sieve ,sleve dia=74mm * ﬁ :
8, Sieved cell suspension Is culturad on liquid semisolidm edmm {re 2 4-d
9. Add ABA 0.1 pirm used to inhibit precoclous germinatitn cral\‘y\oot elongatlon ,
10, Incubate in dark for 3-4 weeks, culture would co eﬂt dgvelopmental s;ages '
11. Somatic embryos can be placed ona agarme@; dof d fo® plantlet development
. 12, Plantlets are finally transferred to pots or vermicui ubs uem development

J‘

an2 Cut thtip (i un) portion of the twig. o

sapratdtolarviErstemiultie A
Jon In a sa fium hypachlorite salution 15 for 10 min, The

1. -Remove the young twigs fromythe hedlthy
2. Surfaca sierilized the shooy %
. Explants're lhoroughl Hmeppsterile distillec water, ' %

trdish, 5o -:. Lo _
"a‘h shoot apices with ; i of

<4, Remov ? "‘e oule

weeller's forceps' Thrs Iessens the possiblllty
0f L |')l’ into {
5. Afterthe g’moval>

osed- cut off the ultimate apex with the help of
scalpel 2zl transfer-Gny oss lese than Lmm in lengt- to the surface. of 3gar medium or to the sufaces &f
'4’) nar by ;dée Flame Ck of culture tube befi- e and zfter the'transfer of excised tips. Binocular

sec ;, "ncroscope can'tfe used for cutting the true *Aensierm or shoot trp pedectlv .

lepves, the apex is e».

Ao \cs the growing single leafy shoot or multiple sh
ransfer thém to hormone free medium to develop roc's

"\ plams farm by this way are Iatertransferred to po: containing compost and kept under greemhouse
/ ion fcr hardening ) A . A .

oots obtained from smgle shagt tip or Menstern



e T "‘:\'-';.v;'_"'l-»' .
R AT
od-1 . . .
Mel'} Th.. -:ch00 is dascribed for the culture of isolatad DU
%° e diasa

"o This tachnique gan he coﬁsider,ed ’s
ba-': r=tocol for pollen culture & involves the foil «i- .
; Tre ihe. 0@ sslected unopened flowsr bud to tha lon . - U208 Serilize the flawer buds W,
- L 7: | _‘.‘ * solution for 10sec followad immadiateiy Ly .. ;i in 2% sodium hizrochlorlte, then wasty
® U s e QU
three times with distilled water | | | S
2. Remove the-anthers by sterile sharp scalpel & about 50 anthzrs are Placedin smafl sterile beaker
containing 20miliquid basal MS medium ' ' ‘__ . - .
3—ATtiTerS aTe (hen pressed against the =de of beaker with th2 sterile glass piston of 3 syringe to sqez e
out polians . o >
“ 4. The hornagenizéd anthers are than fitiared through 2 nyloa siave ( 40-50um gjq) L
5. _The filtrates centifured at lave speer. 500-800rpm for 5, SURCINTELWITR fine debrisjs discardecy
il of pollen's suspended infesh licid medium & washed twice by repeafeq centrifugation & .
resuspension infresh liquld medium ~ * | it v
- 6. Pollen are mixed+inally with measurec +olume of liquid vasal MS medium at density of 10%.1¢° pollens
" ’ /ml

» .. 7. A25umnlpollen suspension is Pipette o

-t & spread In Scm petridish
8. Petri dishincubated at 27-30 C under law intensity of light 500LUX

» 16hrs photoperlod

- 9. Young embryoids can be obiserved afte- 3g days-which-ultimate
10. Haploid pla?\tle't's' are then Incubated a: 2230

transferred to spi| as described in anthg

wgwe-rissto-W“
Cina 16hrs day light 2000LUx, Plantléts dt matilty are
culture : ' '
L " v.."!.'.l:- . . |

Meth_od-z

Tt

% This method is f{ri_évxh as nurse culture tchnique. Sharp et al(1972) first Introduced this method,

| ]
| 1. Selection of_flpwé@ bud, sterilization, excision of anther, isolation of suitable pollen are the same as
© ' described previgusly ' '

" 52 Theintact anthers are placed horlzontat ; on the top of sulid or ‘semisolid basal medium witﬁln 3 conlcal

" flask oo
SA small filter paper djsc is placed over the intact anther & alieuy 10 pallen grains in the suspension are

"'. then placud on l_hczﬁlter Paper disc. Herr the intac: anthers are considered as the nur'se'tissue.'

.4 Acontrolset s also.prepared in exactly 1ne S3me way except that the pollen Bralns on the fiter paper a s~e
. 3"?0"3({@‘ O.Q-IS;G“G medium. Sometimes, caflys tissue derived from any part of the plant s usedas hur== €

oL lissue et ' '

- s, Withthis‘metl"fod'ﬁbllen

_ Bralns in the ¢ortro) set did no: grow
tissue grow ang formac

n atall. The polien grains kept on nufse”
.  Clilture of green tarenchymatous jss
the haploid callus tissye ’ ‘

ue within 2 weeks siich tissue uIilma_fely for

n flower (unfertilizeq Quuee). I fertilizeq ovule ar
- hiscdd and pollination has tak
" 4§5hrs of anther dehiscence,

move gepals, pe'té!s, 5ndr0eplum et

- frem the ovaries Containing either fertilized or unfertilized ovules,
2% Na0Cl solutign, '
Rinse the ovaries 3:limes with stei|

e desired collect the open flowers vhere
®n placa. To ensure the Fertilization, collect theflower after

.& R

3, 'Soakthemi::riesiri‘@o

e distilled water.



Using sterile technique ovuds are gently prodded with the help of spoon shaped spatula by breaking the

funicales at its juncnon placental tissue.
6. The spatula with ovules is gently lowered into the slcrilc solid or liquid mcdlum as, the cultu:e vial ls

slanted about 45°C. .
7. Damaged or unorganized ovu!z are rejecied when possidle during lransler

8. Incubate the oviiz culture in either dark or Light(16 hrs, 3000 LUX) at 25°C

1 The -—-‘-vs*s inliquid NT (Nagata and Takebe) medlum are counted' with the help of haemocytometer.

s B RIRT

1. Agarsaicifizd (L% 'Difco’ agsr) NT medium is melted. )
3. The tight B4 of falcon plastle petricish (35S mm dlamelerSmm thickness Is opened and 1, 5 n’ﬁ ol’
rotepiast suspen onls taker. To this equal anquo.ofnelted agar medlum'ls added when ({\

-~wrsl

3Tt &°C .
3. The 831 qucky replaced Ughey 3nd whols dish is swided gently to dlsperse the prolopl $t-3g 3/ m
mxtrs unormly throughout Hha dish. . 'y -
5. The madlum Is 2lowed o sclicfy. The petridishls! thenlnverted A
8. Thecdtursisincubated at 25°C with 500 Tux illumination { 16 hrs light) Initlally S Y
1. The cutures 2re sub cultured seriodically in the same solld medium (08% agaiiRradublly reducing .

L The capsdas In the daslred stzzas of developmant are surface
2 lsminzr 2lr flow., i

L Wash repeated:{ln sterile water.

ecting mlcroscope at*a magnlﬂcatlon d

' about S0X. The' capsules are kc-t Ina depresslon spde yntiining ew dropsbf liquid medlum -

forcepsto a(pose the ovules. )
5. Asmall Incislon In the ovule for-owed by slight préssdfe it 2 Dlunt needle is enqﬁ'gh to free the
embryos, A\ .
6. The exclsed embryos are tran 3 ropipette or small si spoon headed spatuia to standaru 10¢n’
petridishes contalnlng 25 ml o* ssiified stahdard medlum, Usually 6-8 embryosa arg cultured in petritight,~

7. The petrldishes are sealed wip s avent deslccation of the culture; . o o

8. The cultures are kept In 'Cand given 16'hrs llluminations by g'ool white ﬂuoresc"n\ '

. Wbe: ' ' “ .\.t ::;..' )

" 9, Subcyltures into fre ara Aade at apprOnmately four weeks lntetval 13 "'r' : 5'.‘
‘l . e ..\.... - A' ':" g "{:"
AN Exnlam lhe fé:ldrsalic ; E
ANy, ' ) ‘ ¢ ¢

' df Explant ot - F

aqesis is generally dependent upon size of Explant, The large Explant cdnslstlhg df parenchr.wa s 8

bomagehaus tssue taken from epicermal or sub epldermal layer could directly glve rse to complex
organsfike flower or bud or roct '

‘6" o

’\;:::;-343e=§ﬁ~5~aé}usredlo-+ﬁcﬁutx 10 plUlUpld)L[l“l. N o —

asculy e & cambium trace greater regeneration ability than the smaller Explant Small groupof ¢

—— ——

ety



2. .Sourceol Explant -
The most suitable part of the plant for starting culture will depend on species, Leaves & leaf fragments of
-many plant spp like Begonlo, Solanum, Nicotiano, Creps vic have shown capacity to regenerate shoot
buds. Bulb scales of Hillum spp regenerate adventitious bulblats, Flowars stem Explant of Tullpa spp
regengyate shoot buds, ‘
P
3 Aze of the Explant
chysiviogical age of Dxplactis important for Invitro organog
“adventitious shoat Is only more If the leaf Explantls collecte
Leal Explants of £cheveria spp. That are ccllected from you
“ieaves initiate only shoots buds & leaves of medium age pr

AJ
P .

enasis, In Nicotlana 5pp regeneration of

d from vegetative stags l'e. béfore Noweting.
ng leaves only prodice 10013, wheress older
oduce both shoots &rogts, °

4. Seasonal variatiza ‘

"o Bulb chgc_;jgf_fl_il_::gjiggigium regenerates bulbs freely Invitro when Explant is-taken ¢ _rin

Bipring% .
+ autumn period ¢ growth but same Explant collected from sumnier or winter Season deesnot prodyce
_ any bulblets. . x

5.- Oxygen g'radi.en} . . ‘
" In some tulture s*'gbt bud formation takes place when the Bf

s : adient of available, Gxyger inside the cyiture
vessel is redace, Zut rooting requires a high oxygen gradient- _ o

L

6. Quality & Intensry of light

-". The blue region’c” Spectrum promotzs root formatlon & red lightsInduce rooting. The t- 2atment of blue
© .. light followed by Teatment of red light alsa'stimylates the organogenetic phenomenon - In some cultures
L antificlal flyargscintlight favours rocting & Inhibits In other. Normally organogeriesls in zulture takes .
" place with &n illu-ination of 2000-3500 lux, 16 hrs of light, SO

——

7 _Temperature B o

Most tissue cultu-es are grown successfully at {emperature around 25°C.In number of t ulbous spp

. optimum temperature may he much lower of about 15-18°C. Increase In femperature Upto 33°Cmay be

* assoclated with re ein growth of tobacco callus but for shoot bud'Iniflation a lower tém; of about 18°C
" may be optimum- : . P

8. Cultyre medium

Medium solidifie: with a;ar-fa:/ours bud formation althaugh there are soine reports abt ut the
development of Ir af shoot buds on culture grown in a solid medium .

9." pH of the medlur e
The pH of the turyre me'd.'”"!,.‘.?..8..@’.!!?..@!!!.5.!11’9.5.‘.99.h.f.:ny,egr;.ﬁ,ﬁsi,a,,befor.e..s_t.ermza‘u_o:.;rhe pHMaY._ .o . .
have a delé’rﬁwiniq rolein organogeresis : '
10. Ploidy level . '

Variation In chror osome ‘number i.e. aneuploidy, polyploidy etc of plant cell Inculture hs been well" '
- documeqted. Wit* the increase in'chromosome instability there Is a general decline In ?r_p‘hogcneuc
‘potentiality of ¢z 15 tissue. So the most Important factor in maintalning organogenlc po: {""Jl of callus
+ culture is the mgi (enance of chromosome stabllity. Frequency of subculture can affect Ne chromosome
" stability of cell cu* ure, So in nrder to malntain chromosome stability, cultures are subc.ltured frequently
& regularly '
"1k Ageofculture . . P
A ybung culture Ir:quently produce’s organs, but the organogenic potential dedf-’Cfe?”.& ultimatcl'y
- disappears in old culture. In certain cultures of some plants, the plant regeneration capacity may fetain
' indeﬁni_tely"forma'r'uyyears



]
1) StageO
2) Stagel T ,
3) Stagell ‘ L ol
4) Stagelll
5) StagelV
1, Stage O '
This isainitial step of micropropag - nwhich stock plan' sed for culture initiation are aipee at least for 3
——monthrurider-carciullymenitorad -Jon-Stack.plants . MMBMEMMM v :iid watered
eitherwithlrrigatizatubes or bycs,.  ysandbedsorm=  sstock plant preconditizring stage alsoinciudes @ ——
measures to be ac=pted for reduction f surfaca & systemic rgblal contamination
~ 2 Stagel .. ' | - |
' Murashige.(1974) sefined this stage'a< ulation' «ablishment of aseptic cultures. The main steps s
- Involved arc prepation of the Explar  .owedbyi  ‘lishment on a suitable cultu micdium, Culturesre\ °
—Initlated from expznts gf_s:g_\ieral of; s butshoot, wyillary buds are most ofte= Jsed for commefefy|
.mlcrop‘ropa'ga!lon Procedure tosui. . . sterilizeWigks, ., Hpdu.. . ¢ Jrovits in-the culturd medi ﬁ,,._"
deflied for each srecies may be devised. It may also be advisabic 10 conts. ablal contaminatigfywithl VJC_—
Explant tissuesin case such efforts at Stage ¢ _itsucecztil Star ' months 02 @ iy o
. least folr passages of the subculture. ' ~ /7&
SCEE— 5 . A A A
3. Stagell ' S ; (\} > y
a, This stage tokes up the bulk of rapagatlon a édl;/(h stimuJlates
maxlmur= proliferation of reg: f shoots. V i

opagatlonincluda

- b, Multiplication throughthe growth and pro'iferatior: meris(;y/ e
aplcal and axillary shoots of the parer: unt,. ;

» v \ ( Tty 5
¢ Inductior. arid multipllcatlon of adventitious meristems $Hrukh a px cess_ofOrganqgenes{sorvsomatic T
embryo-zenesis directly on explants. ' ‘

1elr subseq. ent expression of either

Multlplication of .alli derived from argans, tissues, cells orprdtop)dst d’?
alned from these calli cai be further

organogenesis or .omatic embryogenesls In serlalaubcultures, §
multiplled following precedures (a) and (b

oots are harvested from the mui\ip\yung cultureto either:
be sold as a Stage Il product of carried ontp4tagxll Genelglly stage Il fast to 10-36 mor-ths with large number of
subcultures of sir lar age . :

.

4, Stagelll - -

3ferfed toa footing medlum [storage). Some-imeistioots are directy,
establTsFiéd Ty th-soil a3 migfocultjriag to veloproofs, Sincesuch a possibility depencs on the particular tpecles
, cangog be handled in this manner, the shoots are g<nérally rooted Invitro,
reg for e, It may be necessary to'evaluate survval factors such as i)
| hardening the shoots to Increase thelr re~istance to molsture stress

and di Eapdhle of autotrophlc develbﬁfﬁéﬁ‘i’fﬁ"&'&'ﬁlfﬁ&t"ti“tHg;‘ﬁéterotr(;phk.mm_,_” o
Induced d (iv) fulfilling requiraryent of breaking dormancy especially of but crops. Stage INl requlred”
16 whek: ' ‘ ' ‘

H

ire successiul transfer of the plantlets of stage lll from the aseptic environmentiof the .
A the enviroiment of green house comprise stage IV, Unrooted. stage |l shoots are alsp acclimatizedin

post mixture or sol in pots under controlled conditions of fight, temperature, Kumidity inside the *:-



green hou's:'e. In SU_C_}‘I casgs" s_'_tage g et . Fivying bottain heat aids to pot with plantlets ;- ...

bl
maintenance of dense fine-particle fo, . - ninin the grean house enhance the rooting procece .- » rlate
plants can be establisfxgd in the artif'e':i:.' ~.2dia such as sonlles'S mixes, Rockwood plugs, -- . " srongess
takes d - 16 weeks for the finished prc. . ready for sale or shipinent.

: o W - " VL B AL~ LT GEATY)

Ans:e * . ~._‘ L

1. Identification of useful Genes .
The desir2ble genes may be located in wild species, unrelated plant species, Unrelated, ¢

Joﬂsmmﬁgl:mngiManm»Mm‘rmwthe

 laboratory. . .

M

fganismsi. e, -
- . ' \: .,
2. Désigning Gene'for, Insertion .
S %é-genevq.‘-interé'stls isolaied fiuin tiie donisiSourer and elae edin the laborato
generally using plasmids, S

3, insertion of Gene Into Target Plant
.+ 7" Thecloned gene kemultiple copies of the gene of interest
* plant. TWO_"r_hethddsi vit. Agrobacterium mediated ang gen

used for gene trarigfer. This is done in the researct, laborat
————meristenrtic tysue orembryogzme callus ave used for ge

.

are inserted into the h;)sg plant or the reciplerw ¢
eg=nor particle bombardment methods are

ory {Protoplast culture for Plasmid rnethod an o
ne gxnmethod. S

—

4. Identification ol-Tr,’a_nsgenIc Cells . .
L T‘rgnsformg,.a_ cellyare Identified using selectable marker {Kana nycin) and areregenerated into wholg
plantin nurrient medlum, The regenerated plant

red) Is compared with parent variety. It should look like-
parent varlety except gene of Interest. This workis done in the l2boratory and glass house,

5. Sriall scale Field trials -

The transgenic blaﬁt's:ar‘e'evaluated fat their performancein small scale field trials. The sced of the
transgenic plants such as cotton, soybean, rapeseed, etc, is tested in aboratory for blasafety 1.&. -
. allergenicity and tagicity: These tests are conducted with anlr 1ls such as rats rabbits, poultry, goats etc.

6. larger Fleld Trials>"*

Transgenic plants which are passed-hy regulatory authority

; are evaluated In multitocation trials for thieis -
performance for the'gene ofinterest, Sugerior performing

: Bepatypes sre released after testing and stabla
rerformance for three years : ( -

. g

e e e T e )

The filter Paperraftnurse technique 62 VR
The petidish plating technique S _ i

The micro-chamber fechnique

The nurse callus technigue A
The'microdroplet technique '

m.b_}ﬂ'!*’.’" °

1. The filtes paper rakt nurse technique
I Single cell are isolated from suspension: culture or a friable
callus with the help of.a micropipette
Sterfle 8X8 mm sq of'filter paper are placed aseptically on
Ahe surface of actively growing _Eallus tissue
" The filter pSpey gets welted by soaking water & nutrients




. 1 the callus tissue
f'rﬂoln isolated single cellis placed aseptically onthe wet
e

; -r paper raft. . . . e'
I &tmt s[-:slem is incubated under 16hrs coal light, 3000 :

: .
ux, 25°C AR .
glnsle cells divides & redivides & ultimately form a small g

cell colony. When cell colony reaches tq a suitable size, it1s o :

0ano IICI ' L ' “\
fl’ESh met“um - \

. ‘ranSlL[rLdl t - ) . | ‘

The Ca“US USSUL on WMCh “le SIHB'E Cell ‘s 8’0W|ﬂg |$ Ca"cd'\hl. nurse tissue ' A '

uldish plating technique - o ‘1. .
“?li'll:}::c‘;lemque W:S developed by Bergmann 715 mostpopular of platlng of sing:(e CT:hus oy cu“m )
"}, Asuspension ofpllrelysmglecelllspreparedasepllc—lly from the stock cell suspe ,.

" Il - The solid medlum (1.6 % Difco Agar added)lsmeltec in water bath' |
WL Inlaminar 2lr flow tightlid of falco plasticpetridisk: s opened. ‘With &
the help ulplpelFI‘Sml i single llsuspenslmrls:ml'unmclted """" I

agar medium, when it fs cooled down at35°C, Itls aZded In lhe r.lngle
cell suspension

I Thelidis quickly replaced & whole dlshls swirled gertly to disappear -
. the cell & medjum mixture unlforly. A thin layer.of 2mm should be '

... formedat the figitom.of petridish by eventually distrbing the
madlum.& cell suspenslon culture '

et s 2llawed to sAlldify & p ishls kep: :nverzad position
vi. The Culll.l(l. is Intubated at 1o nullglupl.nod 3000Lxat 25°C -
VL When the cells startto divide, a grld s drawn on the under surf3

. of petridish to facliitate the counllng of the no of divding cell ‘

:2-lll, The dividing cells ultimately form pln lmad shape c 1o in2 : i
v ‘daysof Incubatlon” " . - e

;:,: ix.. The plating efﬂr.lency canbe calculated from the co
“.7% " pE=Numbér of colonles per plate X 100

« - Numberof total-cells per plate"

¢« X Plnhead colonles when they reach of sultable size (}lertolhe freshmedlu:nlor!mjhe:

-grovith C . | : Ay

in o ell onleshythe formula ‘ 3

3, he micro-chambeér technique -
I Adrop of fiquid nutrlent pedium ung single calis
.. lsolated aseptically fropf steck Yyspension culture wrh the

help of long flne Pa ‘% lpe

-------------

Il The culture d;0p nlac 6n caqier ol a stenle wicrg:

scopic slide (29 3d With sterile para-fin oil

......... il, Adropolpa lﬂno ,. ftd on gijher side of the ¢ .lture
a cover gla ed rafs€r) Is placed on eac~ oil

cobqg glass Is then placed en the culture drop

v
(AR, The oil prevents the Water loss from the zulture
permit gaseaus exchange

//

(Q
- \-J/ whole micro-chamber slide Is placed In 2 petridish and s
VYA cubated ynder 16 hrs wlllte cool illumination 3000 lux at 25 °C.




:Vi. Cellcolonyden' edfrom singla v 't

Sy .-0 Sillgle ce
*it.  When the Cell colony become:

I clone

1y 1arge the coyer glass is r
e :
!r’esh solid or semisolid mediu- moved ang yjszy.. Vel
=y
4 The nurse callus lecnmque
Thismethod s atually a modification of pesr.: ;. g ethod & paper raft nurse gyl
L Inthis m'ethodhsmgle cell are plared 0719 3 ager medium i 5 petri dish. Two 1o thr:nee;::l)d
derived'from the same plant tissuz ;e aiso ermbedded dir \ Us masses
= i ectl ; .
- edium , . Frecty along with the single cellin the Same |
" i Herethe paper barrier between sirzle call & the nurse tissye [s removed T
fil, Cellgfirst Eegan to dlwde in the rezns near the nyree callusindicated that the single cells ¢log
o callusin ‘1“‘3 solid miedium gets the =szentia| Brovth factor that are liberatag from’the caliu pa i '.‘u “se
v, Thedeve oping. colomnsgro'."' B! 10 nurse callgeiies —eme Wi = e
» S +C (G5 el 3lsp sumulatesthe divisio
© theotherells. | & colony formation o
i . Ty
' ' ——— . PP
|" . * 0 A o rare— § (Y
]'. . ._\ “ “ f
. .o- By o, .“ o ‘ . f \’[‘"’
(I . Snoll m]u A1 11 '
- on) m E. s L ot e L
. duhlled vul ;o -—1— o _/lrnu : :

“-hlorw chomber
5, ﬂbe mkrodroplet technlque :
BN lnlh|smethodsmglecel|sare cultura
" ¢ chamber & 3 large infer chamber.

.. Thelarge {nner chamber carles numerous numbered Wells each wilh a capacity 0l 0.25-25 of nutrient:
+  medium -

fl. Eachwell of Inner chamber is filled with a micro d:oplet of liquld medium containing Isolated single cell
. Theouter hamber]s filled with sters e distilled water tomalntaln the hum]dlty inside the dish
"0, % Aftef coverlng the (dishwith lid, the ~sh is sealed with paraifin - -
lv,."' The dish is: lncubated under 16 hrs wite cool light 3000 LUX at 25°C

V.. Thecall colony derived from the sing:e cell is transferred onto a f‘r.e,h seml-solid medivm in cultue luba
for further growth - « . '

\

din a special cunrak dishes which ha'vn two chamber-a oyter smiles

. . . . % F e
\0 . ~‘..' '.t_'
* |.' ."' ¢ . ! . .
. / Oevclonmo - .
. L . CUOImEY R
. _ T T
) "
' e

‘ n3 ther
from one crganism & then lnsertlng It lnto ano
ocess of lsolau agene ' ‘
Ge““ clomensg fe’e‘nfs“’m‘hefpf ation of GMO. 1t both the development of recomblnant DNA's as well as thetuon ,
orgamsmr U\:;\thto Ge :rcTamngls the basic strategy that must be used to obtaln the first ever preparation ¢
clomng in suitable hgst. Gen

all the genes Gene cidning produces large no. of copics of the gene/ DNA being cloned.



1
2
3.
4.
5
6
7

ps In gene cloning

Selection of suitstle vectos
Generating DNA fragmaii

Incertion of target DivA 170
Introduction of recombinant DHA
Screening & selection of transformed cell
Analysis of clone

Expression of inserted fore ;o gena

LL2T00
into host cell

J){21= : —

: PrccedurelPtolocol for a=ther culture

: ,‘ 4 J !__ - 'J
Anther'culture is the teck~ique 8y which the developmg anthers of precise 2nc ¢t itical stage are 2xdse d
where the mlcros:ores

aseptlcally from unopene flowar bud and are cultured on a nutrlent medium
withinthe cultured anthe; develop Into callus tissue that glve rlse to haploid p\»-:luetﬁ“hﬂ thr O‘%h
organogenesls or embryos2nesis. .

"4, Collectunopene= flower bud

—'——ﬁ_‘incubﬁeﬁmrk":m&@?ﬂ%ﬁlw A hrs—

.'Q

~ Transfer to lamirar air flow
Surface sterillze with 70% ethanol{10 sec)
Remove 5 anthes with scalpel
Transfer to 2notrar petridish confaining Agar medlum

W N
a = =

7.- 50 mm tall plant=2ts free from agar by gentle washing

"B, Transfer to smal: autcclave pots
9. ﬂ_hally shift to pi. v house or green house

C&Maﬂ(émssusted .elec
r_

ter e d selectlon. Marker agslsted selectionn is
ene from the presence of 3 marker that

Is tlght!y link to the gene. A tlght linkage.bet /? a d éne ot interesl and hlgh heritabs ty of the
* gene of Interest are pre requisite for marker ass| ed’s PN
. Mentg .

1. It permits early screg
2. It permits screer-ng of

phenotypicﬂ"Y .
A helps in disting< gous verses heterozygous condition of many Iom masingz le
gencration withaout theagepojfrogeny testlng because of molecular markgrs are co-comina ;3 2.
4, Thaaccur arker 35 sted selection (MAS) Is very hlgh molecular marker Is not ;—-fec\ed by
the enyiC '

(/
2. itisvery exp
it r=;,wresW' gl tr2

D:'Wh"ﬁﬁiﬁé’ﬁopulatmn(m 1’1“1‘1\ %)
|3t breeding and zenetics varlous types of plant matenal which are dsed fgr gene mappng or
gpfie tagging or for construction of genetlc Ilnkage mapsare known asmappm populations.

The most commonly used populations for gene mapping Include- recombinant Inbred lines, near
sogenic lines, F2 population, Back cross poputation, bulk segregant analysus & double haploid,

o



-

@ R, e
Typasof napping PIpL s s S dvealud IR TN
1 Recombinant . :
" orinbred fines 327 T — .
: 2 Near'lsogemclines_:-z Skl IRE
F2 Population:-the =~ gk R oamal oy e <
4. gsaz zross Population w710 crossing of F1 with aither of s parants

5 -‘-BulksegregantAnalym S echmqw compares butks of DNA of Incividuals heving the

. same genotype

6. Double Haplold:- these are individuals or plants whlch are  produced from haploids

through chromosome doubling.

__ | o ' ‘.:'m W'E L) m

0 Southerr b|omng is a method whicn is 'used'[0 Ueteclpizsenice of specmrom wquente.

' ¢ This met~od Is named after its Inveritor, the British blologlst Edwin Southern.
+ o Stepsin s;ulhﬂrn Blotting
x 2 - -+ 1%olatlon & purification of DNA
: a z .Cutting of DNA Into Fragments
3 Separation of Fragments by size.
4 Denaturing of DNA

<« Advantages ..

5. . Transfer into menhiana

"1 e technique Is very simple
2. Fhas very high degree of accuracy C
s B. " T can datect single gane from the entire genome
"4
5

—

. kzan analyse DNA from specific DNA clones,

. It an use CONA genomlc sequenice, pCR produqts
6. It zan usé both DNA & RNA probes
' Disadvantages :
- L7 Itistime consuming method
SR 1s an expensive method

,
el

A maﬁmm 0

The restriction enzymies are also called as molecular sclssdrs

S v, Thesaact as fo undation of recombinant DNA technology - '

¢ These entyme:.are present In bacteria & provide a type of defense mechanism
» .o Itwas discoves=d when that pﬂage Ainfects E. coll -
' 0, Bacterium protzcts itself through
. 1. Restriction Mechanism .
2~ A% :diffalidn‘Sys‘em .............................. i

. A :ecomblnam INA molecule is 3 produce of joinlng together twoor DA se

gments rsually originate
from dnfferent tganlsms .

. Y
. 4

10

G sTesttita e I

O —— S — . ———

*  Test tube fertilization:- Transfer of the polles frm anthet to shgma of ovaries dltured invitro is called ag

invitro pollinatsan or test tube fertilization or invitro fertifization
Procedure of test tube fartilization o In vitro pollination; -

e



1. Flower buds which to be used as female parent and are emascu!
+ prevent undesired pollination.

7. The buds are brougiitin laboratary for pollination & the ovarie
with distilled water. '

3. Thus ovaries collected from emasculated flowers 1-2 days afte:
Wetting of ovules and stigma should be avoided for the better |

4. Collect pollen ‘rom the anther Inthe aseptic condition and kept
filter paper until their dehlscence,

5. Thepollen s ten aseptically deposited on the cultured ovules or .

experiment

o before ant

;i and baggad Inorderto -

ne are ster)’ rad by 7@% alcohal and wash

thesis are cultured to expase placenta.
‘an tube germination, .

serile petriplates containjng a presterifized

. .
.

s depanding on the natureof

o |t refer to variations found within a ébecle
e-donuclease.
»  R-LPsareuseful as molecular markers

——— ~Kous Sie i first typeol ONA markers e oedHo distir
Advantages .
1. Itis simple,'& cheaper 'technique.of Dh ‘uenc'ing .
2. Itdoes not requlre special Instrumenta.
3. Majority of RFLP markers are co-domin: % high locu

4. RFLP are poweriul tools for comparativ .. ynteny map;

S. .Numercus saq)ple can be simultan< . usly screéned
Disadvantage . C ' .

1. Daveloping sets of RFL probes & markers Is labour Inte
Tnis techrique requires high quality of DNA ,
Tae multiplex ratlo Is low . '
RFLP finger prints for multigene familles are ofte
Te genotyping throughout ls low.

(LEFC I <

The princiale underlying this technique bas_lga) y lnvolves bt
rero metadolism stage subjecting thenfo sup&r{low temper

- 1n this technique the plant material Is #oz
-196 °C; Fullowing are thedifferentte
1. Sow Ireeting rnethod

& .dlwv}cmg

=nath of DNA [ragimesis genuated'by'spedﬂc" b

.

B t-.\ RO ..'\ '
. & & . . .
.o -t %
) Y
L .
‘I
Xy

¥ ’ .

ant cells anc tissue cultufe tod ntin-d.[illdlng of .
nthe presen e of cryoprotectints . o

= {d\mglne'd at the temperature of liquid nitrogen.which § araund
as . ‘ R

._a :

0 “
"

« ) .

'¢ .o'.‘

o

A

2, Papid frecting method R

3. Stepwise freezing meyic . - Moo

4. Cry-freazing met O C b
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ps aCe féllom}'ed for making artificial seeds as follows:

Shabfishment of callus culture T
nduction of somaticembryogenesis In callus culture .

maturation of somatic embryos g

-

”~ -

soiP& can be usgd asd subtlfute fof datural seeds ",

: ee}&'- are the living seeds ke structures which are made experimer :ally by a technique where s'orh:i:tlc
s}‘e\rﬁed from PTCare encapsulated by 3 hydrogel & such encapswaletd embryolds behave like atrue
hs0l ] ‘ o .



4. Ehcap'sqlbtion of somatic em. v .
Aﬂ'g'r'.en'capsmation. the uitii il seeds are tested by

1. Test for_'e'mbryoid taplantco- - oy

2. Green-house and ﬁeld:plan(in:

1 WSl
1. Mechanical Method : o
In this method'by Klercker (1892), first U?e (issue is plasmolysed which Increases the gap between plasmalenr— ;4
and the cell wall; at the same time improving the chances of getting 4 Kigher yleld of protoplasts. This methcs' g s
based on cutting-of the plasmolysed tissue by a razor blade or sharp edged knife. However; this method has <p|

HTeUTEUCapOTTance rather than practical one. Thus, abette approach having practical importarice has

.emerged In the form of an erizymatic method.
'l ot

. emm—t wei m o ee e,

s oo .
e e et .+ a4 a a0 e ee eemes e

% EnymaticMethod . - | . : |
The Idea of emzymatlc !so{a;[on of protoplasts was conceived bx Cocking in 1960, 1t basically Implies the'usecom £ el
wall de’gra;iing entymes like pectinase and cellulase for Isolatic= of ‘iablé protoplaits; This method ¢ah be N i
IntWOways: " . | . >
(a) Seqisentlally: Jnigially;ma;erateﬂ plant tissue is treated wit pectinase to dissolve middle lame
*.treatment with tellulase to dissolve the cell vall in order to isoizte an.toPlast.. o .
. v .
* [b) Simultaneously: _ § ‘ ‘ , .
Both the enrymes (pectinase and cellulase) are employedn 3 seigle step ta Isolate protoplasts il the same s od
composftion. Now-a-days, this method is extensively used beca_se It is time saving as well as it decreases thes
«chances of coptarnination by micra-organisms, : Ced S
The enzymes employed for Isolation'of protoplasts are extractes from v/00d-eatinig fungl, These fungi Erowo o
roats and secréte an enzyme "cellulase” and also contain lipase pectinase, pepsinase, etc

ila, followes d by

J _".- a I t'li.l‘l-: DHRLONDE S U’ﬁ ..'.
Importance /uses of artificlal seeds :
" 1 Artificlal seeds can be produced within 3 month
2. Produttion of true seeds In not season bounded
3. Reduce the life cycle of plants
4. A.S can be produced in any desired crop
5= They can be used for sole as well as mixed cropping
6. It gives pratection to meiotically unstable elite genotyp-:s :
"7 AS coauﬁ'g:ljséd for delivering beneficial adjuvants like 3hizobacteria » plant nutrients
8. . AS, hsli?.,t‘o‘stifdy the role of endgsperm & seedcoat formation " A

, Limita'.ﬁon of artifi'c'iél'"sgeds

. 1." Largescale production is costly . )

- 2 Poor germinatlon.of artificial seeds - — e . s
3. Chances of ocurrence of somaclonal variation
3 spc‘q'az_ s'kills are required to handle

%

. " ARRlicatianyAdys dpe. 0 dANINer.or:nolic o

' 1 ; Development of homozygous line: - The chrornosome number of Iiaplqld_ plants Is déubled by using
. colchjciqes, the plants such obtain are called as double raplolds (DH). They are cornpletely homozygo eJs

and produced in two years where as by conventional breeding method It takes 6 years, Thus DHlingg 5ave

A veare for abtainine hamarvonie imne




2ehe » combinations presentin the NyORUS Ge e
o noperforms well or

2. Hybrld Sorting: i may be released as a naw Vi

homozygous combmallon
used as a parent in hybriz:

ol uhy-'oussualn
J,,’flmm(’.

 uide a conventent system for the induci.L! i selection
s o

3. Induction of mutation:- v
.+ than diploid cells

of mutants with desirad !

» dihaploid from the tetraplold species and th2n chiromosome

4, _Anal icbreedin -Extraction af the
] & aiaic treeding.

doubllm of selected dlhaplu.u i':nas to obtain let-aind varieties IS called asan
5. Useingenel transfer:- pollen embryos are highly regenerative therzfore they can
transfer by Agrobactenum orby3 technique like :lartncle gun method.

he used for gene,

6. Productionof excluswely male plants:- - by the p- 3cess of androgengsis itis pO:SIbL 1o produce

androgenic haplolds followed by “chromosome ozubling to obialn exclusively male plants 7
7. Used In evalutionary male plants:- - used for the comparison of dihaplalds with diploid wnl
8 The steps of androgenesis can be observed stareg from a slngle cell

. N
' v . . g é‘mw g T!YE? NECTAIMMNG : "“\_\ '
1. Inmedlcal science ¢ ‘_\i\} '
I Diagnosls olgenetlc disorders ' ‘ - \o ,&;&* P L ‘
Ii, Developmgcure for genetlcdlsorders O N . T ‘
. Identification of paternity & matérnity >
lv. ~ Confirming legal nationality ‘ 4 ; )
v.  Identifi catlonofexchangedchlld o
vl Identi catlon of bodies of soldiers killec Invwar ' '
2, forensic sclence o
DNA testing i very effective in detecling crimipéytas h gs murder, rape, robbew:as's'a'ull, S '
kidnapplng, car accidents, extortion & blackmas - -
3. Genetics & plant breeding \
I Ingenemapping .
ii, .“torkers assigteds ectinn
fil. - Identification of tr sgend ' .

iv.

“Protection of leg

_)z Blotechnologyl!lote

atrolled us~ of blologlcal agents.such as. mlcr.wrganlsms or cellular
ormpongpts of cells _ I

man being
is used toinitiaz2 the tissue culture is called.Explant . E

'_..h.—-—-————-’ e
mat n “the process by whichapartof Lg_r +ign ONA integrate in the Chrompsome of reup:ent cell
‘u‘?comblnatlon is called ransformanon -

i is a method which Is used to detect presence of specmc DNA seque nte

rphogcnesns. formation of multiple shoot from Explant invitro is called Morphogenesis

-89.-



8. Vector- vcctors are the carrier of foreiz |
'9 Callus un

= lch are used to trane!
sfer m |
1 orgam zed mass of prolifer, . - i called 3s callus o e tecembinaotprz
0. Quanllt tive traj oci;- genesgovernmfpl»é‘»

A" Synthetic seed: -are e livir o ‘m-;lvc tr2its are called as Quantitative trait loci.

somatic embryolds are deriveq from VPTC 3 0, w;“’{‘lfh_ﬁﬂ."lﬂﬁ expcdmentally by a techniguio v hors
behavetike 3 true séeds if grownn ol & . vated by 3 hydrogel & such encapsulated e:sby,

12. Organ culture: -
of flower etc.

13. Ovule cultore culture In which

‘ 01ds
an ¥ used as 3 substitute for natural seeds -

Lol
v atch as root tips, shoot tips, Iealpnmordial, Immziceraz o i
p .

Culture of isolated s

W e

ovule are zsopticall ' ) \ .
© defined nutrignt undercontrolled 'ondlllon P fnscnd o lhe.ol/ar‘y&an Brown on ch

14, Balch culture:- cultured s whichare -

—mvvlrr by propagatiri
T Ui e R &rranSlerr— Y 2Y propagating a'small dllquotofmogu umin ¢
=g In'to iresh med = JLL__ Be
wt§, Astmetrlc hybrld ium at regularlntervals ' ;

16. DNAprobes: are very short piecas
pieces of ONA use
| -_-DNMmmachmmosm _____H_u dtofi ndspecllrc sequence ofle .lerslnaverylong p:nccsu
17. Double haplojds:- -
lil. Dlﬂerentra_tlon: process of biochemical &

. structural changes b whlrh
sgecializad In form & function fes by the unorganlzed callus become

19. D dlffe'entiatlon The resumpticr 3 meristematic actj

ity oy mor; or le s mature
. the process ol cell of tissue differertiation , el through ? revers‘l =t
20. ;Zyl:rrd “itis'a cell contaimng nuclzss from one species bt cytoplasm front both the species involved in
uslon '

emically

21, Sub cuhure - transferof Explant/Callus from old mediumto new mediim

22, Sqmaclonal varlatlon' itis the ger=ticvariability whichis generated during tissue culture
23. Organords. m some tissue culture an error occur In- development programming or organogenesls & an
anbmalous struct’ure is formed callsd as Organcids .

24, As’eplrc it medns frée from all mic-> organisms
25, lmntro culturing Explant under ase ptic condition literally In glass medium

26, Cohtlnuous culture : A suspension culture continuously supplied with nutrlents by continuous flow of lre &
medlum The Volume of culture mezium Is normally constant  «

27. Passage time : The time interval between two successive sub cultures

28. Megristem: A group of actively divid ng cells from which permanent fissue systems such as oo, shoot, lez,
flodyer etc are derived
A{rlplrf‘catlon. Creation of many co: tes of a segment of DNA by.PCR / Duplication of genes within a
chr‘orqosomal segment.

30. Héterokaryon: A cell in which two ¢ more nuclei of unlike genctic mékeup are present

31, Homokaryon: A cell with twoor me e nuclei of similar _genetic make up

32, Synkaryon: Hybrld cell produced by ‘usion of nuclei In Heterokaryon

33. Hetroplast : Cell containing forergn rganelles

- 34, Planttissue cuftore: -rs the aseplic method of growing cells and organs such as mensrems leaves, roots e:: .

" eitherin solid or lldurd medium und=r controlled condition
¥/:5 Plant biotechnology:- is a branch of siotechnology which deals with all such ativities that aim aterlher ‘

improving g2netic makeup, phenoty-sic-performancs 6t mulllplrcatlon rale of economic plants or plant cell
L35, Micropropagatlon:- Clonal propaga* on through tissue culture is called mlcropropasaﬂm

37. 'l’ransbomc Plant:- A plant in which - gene has been transferred through genetic engineerlng Is called
lransz,enlc plant  ° ¢

38. Somatic Embryogenesis:- the proce- : by which the somiatic cell or tissue develop into dillerentiated embr, 35
.and each fully developed embryo is : apable of developing into 2 plantlet,

-39, ‘Anther culture ~ = culturing anthers of precise & critical stage which Is Yo be isolated frem unopened flower
buds & cultured on artificial nutrient medium '

40, megra. tisa sub;trate used for plarit growth such as sail, sand, ogar—agar

41. somatic hybridizatlon:- production cf hybrid plants through the fusién of tiwo different plant spp is called as
somatic hybridization



. ¢ oL us dic CthmC'—
4z . Molecular Markers:- A molecular marker may be defined as a DNA seque -2 U .

: cl.-omosome '
mapping as it can be loczted at 3 specific site [nachio - differentiated ce“ mass | m.

¢3 . Organogenesis:- the development of adventiti drgansorpnmordnalf ‘.

tissue culture by the process of differentiation - called orgariogenesis - g . ?
4. Caulogensis:- development of adventitious st ot buds in callus. , i

{5. Rhitogenesis: - development of adventitious roots in callus.

i6. Suspension culture:- itis a type of culture In which single cell or ¢
susperided In agitated llquld medium. '

47 Single cell culture:-itis a method of growing Isolated single eell isep

dition, -~ - X
éﬁéﬂwﬁhﬁﬁmmwmmmmmwmﬁm ‘qualembm L. which isproduced n

. ligsue culture, o r'n o
49. Marker asslsted se.ectlon refers to indirect selection for 3 deslred plant phpnotype based,ont epern of
—finked malccular(DMA markars 3 ) ./
,50. Mapping population:- In plar- breeding and genetlcs various types of plant material whlch areused 0 BQe
mapping or geng tagging or ¢ construction of genetic linkage maps are known as mapping popu -~
51. Sauthern blotting:- is a met=od which is used to detect presence of specific DNA sequence
52. Noithern blotting technlque:- m a method which Is used to determine the presence of a spe
a mixture of RNA -

; of aggregates of cell multlple whnle

. . " '.
tically on a nutnent medxgm_unvqr S,

. . .
L " Q..

by uslng antnbody Specmc to :hat protein,
54, Test tube fertilization:- Trans'er of the pollen from ammammmva
vitro polliaation or test tube “ertlization or Invitra fertlization
55. Synthetle seeds/ Artiflclal seads:- are the living seeds Ilke structures‘v ch;
technique where somatic er-oryoids are derived from PTCate encapsul g:
encapsulated embryoids berave like 3 true seeds if grown In soll &c !
seeds .
36, Clonal propagation:- multipi.cation of genetically Idéntjcal co
called o iy
57. Cybrldusatnon the process cf protoplast fuson resultin n
58. Gene clonlng:- refers to the oracess of Isolating a gend
organism resuiting into the *armation of GMO

,entof Cybrlds R ?\--i;-
idm & then Inser(lng It Inm anolher

59. DNA finger printing:- Is dn'a valysis of nitrogen base sejuefce/iftheDNA of an lndjvldUaL ‘-.‘- ,
zB;Comnbutibh”dfloll’oWlﬁ'iz's‘iiéﬁlls\'!éiiiéﬂ!iﬂhﬁtﬁidété’ld’é’i{iﬁii] : IV ¥
L, Kary mills: Developéd oolymefase chblo hactian technlgie In 985 A
2, Alexander Flemming:- produCed thentibiqticpenicilin KR LR e
U8, moralis déveloped shudytin /| sfag<ultire technlque first time to-obtaln\dms lteg plar's —

4. £ Latbach:- used emh) - teghhique to ralse viable plantsfrom unsuccessful crosses , -+ .
.3~ L Dergmann :- gre qgle cells frst uslng Petri dish plating technlque S
N 5~’ EM. ‘J‘Lm‘,‘m bidizatlon technique . - . '-"-p'-'- “(,
AlecJaffrey covgrgd the QN ger printing technique o : -"_:{'" W

8. Hargobind Khora Soveltpeg procedure for artficlal gene DNASVnthesis AR 3

MaheswarT- ot talned Kaploid{n) Ohatura glants bx cultu!lng anth e
\m\hm discovered mlisuc genetransfer method ng‘
ige& skoog:- diccovered M3 medmm for tlssue culture —
Bro n\(vll}a culture of crown gall thsve ‘Y\\ i ‘: E “%"'\1 M
he term Biotechnology wascolned by karl Ereky

‘:-"13 J”E
jfx te:- he maintaia long term culture of tomato rogts %ﬂ/\t\\
s fu |

fd Cocking:- workad on entymatic olatlon & culture of protoplast

’1s. ./ W.H. Muir :- inoculate the callus through callus tethmque : YTt
17 f' Hahardond + rande 40 cttnm b ta . s ')
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1, Thermohable ¢dmpound
Ans -Ihermoﬁable com
tcmperature '

5 are sterilized by filter ste

rilization, Why ?
Pounds are stenllzed by iilt

er sterilization becayse they unstable. 3¢ high

WNhy m'us free plants are produced from'shooy tip culture
Ans :-virys: free Plants are produc . |
ed from shoot tip culture because of fast mitolic act
mitolic activ
Tetistematie tsiue Present in shoot tip- ' ks
. 3. Sub- culturmgl essentnalforin vitro culturg, Give reasons
- Ans:- Sub -culturing Js essentjal tsto
s 4 forin vi.tro culture to ensure undlisturbed supply of numents togrove g ny
4. Whatisa shuhle vector?

. 7. Phoi tnssue ctlture medium is adi

%!Weﬁgn‘éwm&m
5.- Why RApD marke

14

. Ans:- RAPD marke

rls nat reprodua'ble & consistent because it j IS more sen

=tive to eererImental
T enEtions -— r— . i
6 Man<ol is used for Isolation of ce[ls, Why? L et
* Ans.- Mamtol Is used.for Isolation of cells because manitol sugar provide enzrgy to cell & maintaln -
osrn = .|c pressure ’

justed to 5.8 before autoclaving

Ans:. Ph of tissue cultyre medium Js ad;usted 0 5.8 before autoclaving as it helps in better nutrient
_uptzie, the silts remaln In dissolved condition '

- 8 thtsalsarmmgofﬂplasmld? . e S

1 The process of organogenesis resulting In the formation of shoot is known az
2. 'Friabee callusis sultable for suspension culture

3. The ;=ating'culture for culturlng cells or protoplasts is developed by Bergmaan

" Ans: the deletion of g
! dssarmng of Tl-plasml

9 Whysuspension cultures ara constantly shaken.
Ans: suspension cultures are constant
, hom: genous -

10 Brovmmg ol Explant oceurs during mkroprogatlon Why? .
. Ans Browmng of Explant occurs during microprogation because of oxidation of pheno!lc compoundss

"B

|y shakento keep célls in suspension % to.make the cultme

Caulogensls .

1. Caom- :erciall; 'explmted tachnique of tissue-culture Is Micropropogatian
Disease ifee or virus ree plants are obtained by shoot tip culture

5 .
. 6. Embesosisolated before Globular stage are most sultable for embrye culture .
7

© 8PS i 3 short séqiience that pairs with one strand of DNA & providas free 3" off end atwhlch DNA

W oo NN DS W

Sornatic hybrids plants which retain the full ¢r nearly full somatac cbmplem ents ‘of the two parental
species are called Cybrids

*rvﬁwvdifferent'spvd'enrca!"o"armmmm‘\ —
rlsnot reproducible & consistent -

jnes governing auxln & cytokinin productlon from T/DNA of Ti-plasmid ls kndwn as

polyr-erase starts synthesls of a deoxyribonucleotide chain. - ot

© 9. Lleaf Mosophy!ls are commonly used as Explants for the protoplast cultu:e

- '_rm‘élang%nlﬁheadquanezﬁbffo loWirfd] Rése e CentiaIm:

iition o7 iotechadloy
1 1ARI =+~ Indizh Agricultural Research Institute, New Delhl B

INU - o———fawahaslal Nehry University, New Delhl

IVRI: -=—--—— Indian Veterinary Research Institute, lzatnagar

CFR! te-mre—— Central Food Technology Research Institute, Mysore
NDRI . - —ememm. National Dairy Research Institute - Karnal - Haryana
MRC . --=-——.Malaria Research Center —~ New Delhi

RRL: —’--—l—--Regional Research Laboratory - Jammu

CORI *-=——-=-Central Drug Research Institute ~ Lucknow

CIMAP ; =-eem—Cenlral Institute of Medicine and Aromatic plants - Lucknow and querabad
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10 1T teeermeemeeesesedndlian Institute ofTechnOlfiﬂ;J“i,_“,,L .
19 IS0 e Indian Institute of sciences lo,,y...'h*:'..f'f'.'“.‘
12 |r‘\TECH ¢ mereeeInstitute of Microblal Techn lob"' e celhl
13 le!NIl:----«-----NatlonalInstltuteoflmmuno ,.b;:\:n'.' »
14 WL eeemmeeNational Chemical Laboratory Jar Bl - Hydera e
;: ‘(“C-r:"..B--------—---Centerfor C'ellularandMolf?cu '_, - ';_\.‘Stics-Hydcrobfl
,: (:|‘~','D — Canter for DNA Finger Printm‘g an- : 7'~'c -
: é}:ma ¢ emeemmmnCenter for Plant Moleculdr Btolo;g\:ummi _
18‘ BARC i eermeemm ~-Baba Atomic Research Cent'f.;rp‘;ogramme.

" UNEP tomemi Nations Environment.Pro| - -
1. .UNEP ;=== United Nations Env o
-QO'JCRO‘“”W“QM“MW@:&:LW — Canterbury Kentin UK..

21, 1B i Intecnational Institute gf Biotechn :

atlietuttor sol"o ing:

oly Acrylamlde Gel ElestrophoresTs
Restriction Fragment Length polymorphism

L. PAGE r———rp
2. - RFLP;

- .
s
« o ——
.o ———
i it L e e e~
e - e

3. RAPD:————Randomly Amplifizd polymorphic ONA I

4. DMA:———— Complementary DNA o « > . '

5. mt ONA:~-—-Mitochondrlal DNA , p y

6. PCR :—————Polymerase Chaln Reaction . - A oA
W= Higrowth hormona Perfqrmaqce Liquid Chro maw

3. PEG :—'------;'ﬁdly' Ethylene Glycol '

9. " HFCS : =~-——<Higrowth Hormone Fru;tqse Corn Syrup

10. HEPA :=——— Higrowth Hormane Efficiency Particulate Alr

11. GMO :———~—Genetically Madified Organisms

12. MAS t——— Marker Assisted'Alded Selection
13. EUSA: ~—r—-—-Enzyme Linked Immuno Sorbent
1. NAA t ——--~—Naphthalene Acetic Add

“15. 1AA i—-—-—-=-Indole-3- Aceti¢acld - // : ,
16. IDA :--~-———~|ndole - 3 - Butyric acid / . :
17. BAP: —=~——=Benyl Amino Purife /)
(/

18. DA :'--—---«4——.--- Ben2yl Adenine .
19. HGH: -Human Growth-Hormdbi: -
20. SSRs:--n--—--SIm*ple Sequeng

21, QTL,:---~'-----QuanlitatjyeTr j
22,

3,

ttdeats\ -
a

YNTRS ; ceemeem ~—Variable Nurpfeg of Xanduin

GEAC: —=~v==Genetic Engfnt orin

2peats.

4. GEM :—~—— Genetip?
5 MV = Cauiffo
26 TMV ;e Tol
Py B [ J—

! Eﬂgle .

QsisNirus
€ca Mosec Virys

“QuerigeYagpedSites
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;'S,' 'L scient entist Contritutiony e
1 3mmlden & Schwann Hypothesis of Lu thisa: /ws[!:?s‘t‘r - e e
i —_— sk ' olpatrne et e
? Habcrlandt Flrstallemm ol rmm "Hue &T‘“,"N n vnluil ———
l_r . H.,nnll: FIrst sttermat 'STT"' e {fathr of plyng Tissue coltare ) - ;
5 AT—-—* Mure vmbiyo of ge! muucli — B
ii_-,____hnudscn ymbictic Eurmiw.,luonmcnul seeds mv'r“i” ——— T
5| Robbins Inviteo cultura of rogt tipg. _-.l_'."____“____ T
S S . Bl W i o
_§;J i‘?'b“h. _ Use of embryo rultare techn! quels | I6 Interspesif ——— T
7 | Gautheret. InVitro cltere of the cart oo pecii crosses of Inseed (lnam) .~
| he cambis!tigsue of 3 fevi trees and hrub |
7 — cettdivision- shrubs, although failed to sustain =
5. | P.B. White Successful culmre of tornato a0t —_ X
=1 T —
K Kogl et a! Identified 17 plant growth rezahator _ _\.‘
[10-| Gautheret, Nohegaurt_| Successlul e ‘»_
19. Gaut | estabhshmenl of canlinuou:'{g:ov iing callus cultures -
| and White | ———— é
11. |.Galithieret- v In v:tro culture R T
7 Vo Overbesk oo of cambial tiss_es of Ulmus tosludyadvemmcusshoot formation \‘i
- Van ¢ . emb;yo:mm milk containizy a cell vision factor for the firstUme to culture Datura |
13.| Braun 1 In vitro culture of crown gals sues | T
14..| Skoog _ ‘ | In vitro adventitious shoot fe=pation in obacco S——
5. |EBall ¥ ¢ 2] Ralsing of whole plantswf tupus and Trapaeolum by shodt tip cufture 1
16. M?.te_land Martin. = Ule of Meristem culture to o=tain virus-lrce Dahfias . . -
17. | Tulecke . - Production of haplold callus = the zymrosperm Gm!rgo biloba from ponen .
18. | Muiretal Flrst plant regererated from  singie cell ~—
19, Jgr etal Discovery of kinetin, a cell d:v sion hormona
20. ——kornbkm et al fn vitro synthesis of ONA
21. | Skoog and Miller °. [ Discovery of the regulation o argan lormation by
22;| Maheshwariand Regeneration of somatlc embyos in vitro [rom the nucellus of Gtrus ovles
Rangaswamy
23. | Reinert and Stev'lérd Regeneration of ambryos fro s callus clumps and cell suspenslons of careot [Daucus ¢t ©1a |
. ' ' i
24 Gauther.m Publuauun of Tirst handbogs an *Plant Tissue Culture® . s
7’5' Kanta ' First successful test tube fent -2atleaia 2apaver rhaeas |
P ':—‘"‘(.‘"“""'"7" “ErTwnchv;,radatwn of ce” #2lls to eblainlarge number cf protaplasts :
‘ngd . .———-———_— - -———
if; z Cocking B ‘W cell suspensions sndisotation of single cells by plating
27.\ Bergmenn . | -d Skoeg nutrition )
: lopment of MuraSh!Se 3 “%
dSkoog | Deve
| 28. | Murashige and >K0! (4 Medium ~ __ |
: — mﬂ of first haplcid plants frorn golien grains of Dzivia [Anther culture) ]
29. | Guha awmed tke protocorns from orchids urderinvitrd condition - - ‘
30: hiorel ____,_E.—-—- " E&-l——lob“' prize for déc.chering of genetic code
317 | 1.G. Khvrana H.G.  Deduced the structure of a gune for yeast alanyl 1RNA
B ~yhgg.,nﬁ etal” Obtained haploid plants fron poilen gralns of tobacco ”“]
32. Bourgln urghn & [iltSCh- W “Rastrictior sndonudease” to detmbead.mol engymes imt‘hedin |
733, | Meselson and 830 150 o ona §
/ WM it In vitro by the use of Listue cuiture derived varisvors
3.1 Dr'so_’____.._—-—-' first ;clucvzmenl of P‘otop‘-n fusion _
15, P°W O wvercd the p;esencc of reverse taaseriptase (zﬂril\d‘rcclzdo’u\ solymerase wh 1¢h
3. | H. Temln and D, has the sbility 10 syntheslee ¢ONA vsing mANA a3 3 template
.- | Baltimore R
_-‘/”‘5;;}33;{;‘71]7,1 reziction endonudlease lrom Haemoghitus influentae RJ. 1t vas i € €F
37, smith pu"ﬁfd and n:nm'ﬁ"w’,’i“_q.u e I




