
2.F Haberlandt

3..Hannig

ESLOtgotenty ol cellFirst attenipt uí piant tissucculture ifather of Plant Tissue culture)Fist atternpt'o cuiture embryoofse'ested crucifers
4.Knudscn Asymbictic Eermination of orchid seeds in vitroRobbins. In vitro cultura cf roct tips

Use of embryo rulture teclhnicue ls irierspecilic crosses of Iinseed ( !inum)

5
|.6. Laibach

utheret. In vitrocalture of the carmbial tissue cí a few trees and'shrubs,although failed to sustain-cetdiissot
8. A8.Wkite

9. Kagletal
10: Sayheret, Nabeçaurt_SuCcesstulestablishment of cmtinuously growing callus cultures

Successful culture of tornato raots
Identilied 1" plant grcwth regalator

*** ***and Whlte

11. Galuteret
| 12. Van okerbeek

*

Invitfo culture of cambial tissues of Vlnus to study adventitiguS shoot formationUse of coconut milk containirg a cell division factorfor the lirst time to culture Daturaermbryos
In vitro culture of crown galt :sues

*

13. Braun

In vitro adventitious shoot fcpationin tobacco14 Skoog

15.E.Ball Raising of whole plantsof lúsnusandTropoeolum by shoot tip culture
Use of Meristeni cultureto otalnvirus-free Dahllas
Production ofhaplold,collus si the zvmrosperm Ginkgobilobo.from pollen .

16.| Moreland Martin.x
17. Tulecke.

18. Muir et al

19. Milteretal
20. A Kornbèrg.et al I
21. Skoogand Miller Discoveryofthe regulation d argan formation by "

22 Mahesiwariand
Rangaswamy

Firstplant regererated froma singte cell
Dlscovery of kinetín, a cell di« sion hormona
fn vitró syntheis of ONA

Regeneratfon of somatlc emb-yosin vitrofrom the nucellus of Gtrus ovules

23. Reinert and Steyard Regeneration of embryos fro 1cailus clumpsand cellsuspenslons of carrot (Daucus cae cota
Publit ation'a(iirst handbooi in*°Plarnt Tissue Culture

Flrst successful tast tube fert zatlorn ia Papaver rhoeas
Ernymatic degradatidnof ce" *zlls te cblaid large number cl piotaplasts
Filtration of cell suspensionaand isulatton of single cells by plating
Development of Murashige a-dkoog nutrition

24. Gautheret

25. Kant

26. | E. Cocking

27. Berymann

28. Murashigeand Sk0og
Medium

29. Guha and Mahéshv:ari|Prodyction oflirsthaploid.plansIrornpotien zrains.al.DawralAntherculture).
Produced tke protocorns fro-orchidsunderinvitraorondition
Awarded Hobel prize for dec.zhering of gegeticcode
Deduced the structure of a gine for yeast alanylaNA

*30,Morel
31 H.G. Khbrana H.G.

Khorana era

32. Bourgh&Hltsch: Obtained haploid plants fron poilen gralnsof tobarco

33. Meselson and Yuan

"********* ****** ****

Coined the term "Restrictlor ndonucleose" to desdribe a class of ènzymes involved incleaving DNA

Selaction of oiochernical mul ints in vitro by the use df tissue culture derived variatiorn
First achievement of protopleit fusion

34.1 Carlson

35. Poweret al.

36.1 H. Temin and D

Baltimore

.
DISCovered the presence of reverse transcriptase(a RNAcrectedDNA polymerase wie"
has the ability to syntheslte cNA using mRNA as a templule

terDiscovery ol lirst restiction endonuclease fromHaemophillusjnlluenzae Rd. I was ia *

purified and named Hind 11

37. Smith



An- Biotechnologyisthe controlled usa of biologica rh as micioorganisms or celiular componentsfor wefare ofhuman being.
Branches ofBiotechnoloEy

1 Meuicol LictechnoloEy

2. Indusirial biotcehnology

3. Environnental bioteçhnology

Plant biotechnology

".

Scope ofbiotechnalog

1. MedicalBioterhnolagyhelpstn.onertyariousplantsas.wellasanimaLdiseasebyihhyrakvablerdrugs

b
gene thergþy=r the genetiç diseas. E.g. insulin,antibodies etc

**********************"**)

2. industrialBiorchnology: usefu! for the farge scaleproductianof.avatietyof bicchamical"'s rangingfro
alcohol toanl.ootks & inprocessingof foods & feeds3.Aericultural Btechiology:- Rapid & economic clonal multiplication of thé fruits & fa-2st #ees, productior of

irus freestoka.ofthedonalcraps,Itansfer.
ofthe.veluzblegeniesbygenetlcemghrengTotmpröveiheË rog

production&rotéction from thediseases& pests e.g. B.T. cotton..4 Environmerta' 3ibtechnology:- Bacterla ,algae, ete arebelng utlized fordetoxificatic-of the industria!efluents,tdr=2treatmientof sewage & for the biògas production5. Animal blotechnologY: Genetlc englneering ls used to develop the transgenlc anlmas resistant to certan
diseases, capa:e ot faster growth rates & more efficient feed converslon with acapa=rytoproducehighomilk

productiorÍiE vtrvariousbtathemteatsare150lted6. Enzyme Technógy::¥arlousmiooorganlsms are used for cominérlal production G: thevariousrestricrn
enzymes whickh are used ió genetic englneering.

7.. Mlcroblal Minie Mlicroorganims are.used for the extraction of metals.8..hvitto fertilk=son embryo transier technlques (Test Tube Bables technlque have'7ermlt:edthe childies- ss
Cuples, suffer"3 from one orother kind of sterility, to have their own babies

onpdrtanceofBiotrdfingaogy

1 TissueCulture Technique In Biotechnolggy:-Animportantaspect óf all biotechn logy processes Is theculturg oft cher the mleroorganismsofplant or. animal cells ( *protoplast in case sf plants) or tissues and.organšin? ficial media, While mlcrobesIn culture are used In recombinant CAVA "eclhnology and invariety ofir lustrial proçesses
Gene Techiology as a tool for Biotechnology - Most biotechnology companies m ike ue olgenetechnology genet« èngineering, whlch Involves recomblnantDNA&geneclon3. Protein Ensheering-proteinengineeringwilllead to production of superior enzymes & storage proteins.Biotechngl-y has alsoprovide us with remarkable in the formof immobilized en:mes system whichallow the pducton of proteirs
Metabolic Eigineering:pne o' the major objective of biotechnology research lst"e use of livingsystaeS.forprodüct nof metabolicat the industrial scale

S: Biotechnolssy in ledicine:- Ir. the fieldofmedicine, insulin and interferonsynth sized by bacteria hv 2
alreadybee "released foruse. A large number ofvaccins for immunization again dead'y diseases, ONAprobesand-1onctdonalantibodtesare, dlscovered

6. Biotechnoley inIndustries: useful forthelarge scale production of a varlety of b xhemical's ranging.from alcohetoanibiotics & in orocesslng of foods & feeds7Biotechnadoey in Environment: Bacterla ,algae, etc are being utiized for detoxific. tion of the industrislefuents, Ic: the treatment of sewage & for the biogas production.8. Biotechnclozyin Agriculture: it deals wlth production of transgenic plants such 3: BT cotton, tomatc iorelfiient pro:uction ofagriculturalcrops

** ueargeaaneu*****************************



. Cell suspension culture

a)Batchculture
Slowly rotating
Shake culture

I. spinning culture
V. stirred culture

€ontinuoustolture
Chemostat

Turbidestat

- A: Calluscature: callus culture may be derivud from a wida variety of plant org»1stoois,shoots,leavesforsharilicel-IpEs-Ez-Endesperm,pullen.Tiušwhei inylissueTor cellculturec nanagar gelmediuh fcymsàunorganize growing and dividing mass of ceils called callus culture. In cylture, the proliferationcarpemapfjqemore (or) les indefinitely by sub cuituring at every 4-6 weeks, in view of cell grown, nitrient desetionaydmedium dri ng.
Callus cultures,are easy tqmaintaln and mostwidely used in Blotechnology. Mnioulatuonsf abkin td=ytokÍninratlo in meumcanleadto development oishootsorsomaticembryosfrom whwhadantsrac.he.praducerisubsequen:v Callus culture can be used to inite cellsuspen:lons which are use

Y9 ways in planttransformaon studies.
Callus qultu es breadly speaking fall Into one ci the two categories.1)compact7hadellux,

8. Suspensan Culture:- When friable callus is placedIntoaliquldnedhuh (usyi hesane compositlon as thesolid mediun used lor callus culture) and then agitatedsingfecell,dnt/orsmall whps of few to many cellsare
produced l:he medlum ls called suspensicn culture LIquidkultsfamaybconst tdly agltated generally bya6yratory sh ter of 100-250 rpm to facllitate aeration and dlssóclatian)pfcelkclum» into small pieces. Suspension
cultues grc wrnuch faster than callus cultures, need to basusejkúref ateveryw*gk, allow a more accurate

determinatn of the nutritlonal requlrement cfcellsarefen'spmatjkembryos
The suspen on cuiture broadlý grouped as 1) 3qtch culture rCotifnuausculture"

*

a) Batch culture

These cultu es are maintainedcontinuous prdpagðtirz a small aliquot of inoc um r tne moving liquid
aedium an. trans'eering it to fresh medhun(St dilution)t regular intervals, Gene ally cel uspensions are grown
ia dasks {10-250 mi) containing 2575 tnof the cukure medium. datch suspengic"culturesare most commonly
mèntained a coecal flasks ncabateden dtelttalatform shskers at thespeed of -12t pmThbicmass govth
ia batch curare foilows thefiyp paier Wbén the cell nümber in suspenston culres is plóttédaga:nst the tme.
of ircubotio , a growth curyéáohtained The calls In cutere exdibit the following tve phažes of a growth cyde.

i. Lag phise shere cell,pjarareokvide
li. xpenent il phase,here theratgo?eldiision is highest.-

ii. Uinear pl se, nhere cel kistonshowyhdt the rate sf cells expansion increase

x.Cecatera uoghase,whére Theratespfcell dvision and elongation decreases.
. ptEnat,phixe,vwhere the number and size of cels remain constant.

*************"

*santseeas************sssssssssas******* ******************************

1.Sbyyroating
Sipgtecelksndellygregates are grown in a specially designed lasks, the nipple *ask. Eachaipple Resk posesses

éight nippletike pojections. The capacity of esch flask is 250 ml. Ten lasks are loa ded in a cirçular manner on a

large harais: ofa vertical Shaker, When the flat disc rotates at the speed of 1-2 rpm the cellwithin each nippleof

theskafe alternatively bathed in a culture medium and exposed to air.



2.Singulture
Ieis sle and elfective system obsuspenslon culture. it lu rnetlhod, single cels and cell aggrepates in fnli uiJ niedium are placed in conical flask, Conicai lluck are mountedwith the help of clip on áhorizelarp plhte of an oebital platform shaker, The squ:a pëi: iives by a circular motion at 60-180 ram

xod

nta!

3. Sp:g culture

LarRJe ofcell suspension may be cuitured in 10L bG: h are rotated in a :ultured spinner at 120
piatani i4S"

4. Sticred culture
This

sysiem is also üsedfor large scale batch culture (1.5 to 10.0 Hre). In this method, the large cultuie vessel Isnoitatated but the.cell.suspeasica-nside-thevesscliskeptuisper:ttOnUnUousilyby busbingsterile alr throuhculture medium. The useof an internal magnetic strrer is the mos: convenient way to agitate the culture mediimsilely. Magnešt stirrecrevolivesat 200-500 tpm. Ihe culture vesse! is a 5-10 ftres roun:! bottom flask

ContinuQus.cujture gstem
Inthis systerm,theold iquid medium,Is continuousty replaced by: e fresh liquld medium to stabilze the
physiological stageof the growing cells.Normal the lqutdmediu is not changed until the depletlon of somenutrients in the medlum and the cells are kept in the sarme mediu- for a certaln pêrlod. As a result, the actlve
grourth phase of thecelldeclinesthe depletlon of niutrlent. The ce spassing through out flowlng medlum are
sepaiated me chanigallýard relntroduce BI the culture

Cremostats
i ig system elturevesselsaregeneraly cylindical or circular ir zhapa and possess inlet and outlet pores forzeracipn and fc intgoductlon of and removal of cells and medium. "he liquid medium containing the celtsstirie
bya magnetic-stirier. The lntroduction of fresh sterle nedum wtn ls pumped in at a constant rate into the
vasselis balanced bythedlsplacementofan equal volume of sper r old medlum and cells. Such'a system cán emaintihed in a seady state so that newcels,are by dviglon at a ra'e which compensate the number lost In
outflow of spent maduy

z.Turbidostat

In Chis systerm thelfput ofmediymis Intermittent as it is mainly rec ired to control the rise In turbldity dué to cegrowth. The turbleitkofsuspensló.culture medlum changes rapid when cells Increases in no'du to thefr stead
stu owth. The thangegn turbigity of the culture medium can b- measured by the changeofoptkialdensity o FFmedium. In Turbidostat an autoiatic monitoring máchine is conne red withthe'culture vessels & such inits adurSt
the rnedium flow in such a way aš to maintain the optical density a: oH at chosen, present level

.

.
Q1:Delinemicropropogaion EnstE05dlnlcropropagation.3EETAläTd Iwdetaltheapalication.of
nITOoOpOEn09:10)}I3141
Ans Clonal propagtdon through tissue culture ls called microprop-zatiofk

stages Qf Micropropagation

Stage 0 grepaattoh&pre-treatmentofExplänt"

Stags 1aitiattonofExplant

Stage 2 tAultiplication of tissue
. Stage 3 1egeneratón ofwholeplant
5, Stage 4 jardenirk for subsequent lield evaluation

********** * *****************da

*****

****************"********

Application Of Mictopròpogation

1. Micropropagationof lyþrid has the greatest multiplication : dvantage sinceltcan result In large no. of

elite plantsrömäverytisueclump take from the hybrid p'ants
2 hAaintènanreof inhrond lino f



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

4. Selective propagation of dioecious plants Eg: female plants of papaya, male plants of asparagus

5. Multiplicatiori of particular heterozygous superior genotype with increasedpròcluctivity Eg; oil-palm

6. Shoot culture of some spp are maintained as slow, growth culture of germplasrn conservation

7. Rapid productlon of disease free material

3. Tissue culture can be used to minimize the growing space in commercial for (maintenánce of shootplant
.

AAdvantages:
40get gereticalhtunifernmtpantsinlangenumber

2. Only 1 smail Explant is enough toget milllons of plants wlth extremely.hlgh aultiplikatonrate
3 Rapls multiplicatlon ofrereandelitegenotyoes

4. This chnique ls posible alternative in plants species which do not respon: 9 conventlonal bulk .

Prop-gatlon technlque

n ple-ts with long seed dormancy micropropagatiori is faster than seed pr sagatioo

sulo Tbtalrvirisferrtark

AIn diceclousspedesplants ofone sex is more desirable than those of other sax Eg-Male aspafagssna

emaa papaya, In such cases plants of desired sex can be selectyely mutlp edby thistpslque/
&. Thisechnlque is caried out throughouttheyear Independent of seasons .
9. Undeirablejuvenile phaseassoclated withseed ralsed plants does not apgearinucropropgaxionplants

of soe species

innitatlons
1 This technique has limited applicatiort because ofhigh productlon.cost
2. At ean stage the technique has to bee standardized
3. Suitas:e technlques ofmicr pronagatlan arenot ayalableformnagkcronsi-cig

4 Somazlonal variatlon may arise during in vitro culturé especaly hen aéstsphae is involved eg-
banara

S. Vitrifaationmaybeproblem in some species
6. Browsingof medlum is a prablem in woody(Adulttreés)petomials
1. Requreshighly advanced skills

8. Reques a transltanalperiodbefore the plants arecapabfeg1hdependent qtowth,
9. Thep ants obtalned arephotosyntheticalyipotself sufliclent

10, The pantlets are susceptible to waterlossés inexternal enñvironment and they have to be hardened to the
eterr al atmosphere.

5ErplaihiheteimsömaclonalvariattonDešerjaein brlefitapplicaton advántsuK&limitatTons(09-10
Angfomaconal varlatlons.ltlsthegenetc.arlabilty whlch.Isgenerated.durlng.tks.e.culture
Appicatton of Somaclonal Varationkyith Achieyements:

1 Novel Variants: Ahlmplicatlon ofSemaclonalvarlationInbréedingis that n vel variants can ariseandthese an agronhkally/yged-A numyef of breeding lines have bæen'develod by Somaclonal varlation.

eA improvedscengdlGránluAriety named Velvet Rose'has been developed.
2 Dsaae resstance:-õevelopmgatof dtiseasereslsfantgenatype In varlous rop specles,can contributed

DAeyklondverlatlon. Ex SUgarcane Withreslstanceto FIldisease, oma2varley ONAP-17isakoadonakyaiàgt withmonogenic Fusarlumwilt resistance.
3. Ablatie stressresjstance: Somaclonal varlation has resulted In several Interesting biochemical mutants.

In it seledion has also used to obtain plants with Increased acid soil, salt, aluminium andherblclde

es-9cRsat tolerancerice,maize and tobacco. Alumlnilum talerance tomato, carrotsorghum
HArhlclde Resistance: Through in vitro selection severalcelllinesresistance to herbicidès have been,
olátéd and a few have been regenerated Into complete plants. Ex-

************.

* *****************|

.



Crop
51nte to HerbiciJe

Tobacco 1,0ho ate
Maize Eychasate

5.InsectResistance: Zetmetra er l. Uredin xitroselection technique for generation ofScmacdenavariants for Russian'wheat aphid D CDhis noxios} in wheat
Seed Quality:-Recentlyavariety öiu 212 uf Lthyrus{lathyrus sativa) has been identified wtich is icw in
ODAP[neurotoxin)which is Deeiw,i y Sonmaclonal variation that improves seed qualityAline géoeintrogression: Wihich can neip riden the crop germplasm base. particularly by culturin gimmatutembryos ofwide crosses where crop and alien chromosomes cannat repicate theough m eiozis,8. Productionof male sterile lines

9. Production of antibiotie resistance lines

6

7

Advantages ofSomaclonal Varlatlon:
1. The major fenesit of shmaclord variation is improvementinplant.-
.Somaclpnal variationleads to e creation of additional genetle variability
3In vito rultüreIn somaclonal ariatuon includes resistance to disease pathotoxins, herbicldes andtolerancetoenvironmental or nemi.al stress.

4. Micropropagation canbe carn-d ou: throughout the yearindependent of theSeasons5. Averyeffectiye selettion can t- practiced at the cell level lor several traits eg. disease resistance e t6. Thisis theonly approach for ti isolation of biochemical mutants, especlally auxotrophle mutants,iplants

-

plsadvantágesf limitations:

1. Uncontrollable and uhpredictazie nature of variaticn and most of the variations are of noapparen L2. The variatlonisdepends on cu var.
3. The varlation obtaln ls not alwrs statle and heritable.
4. The changes occur at varlable" equencies.
S. All the chaniges obtalned are nrt novel.
6. Ii malorityofthecase Improd variants have not been selected for breeuding purposes

henoteSTooinntomacrkRalonalobgwm tathlevebjenitECHEsnhsomaconalivarkkonr{i IAEAN
Ans: Procedure of Somaclonal Variatio1 with in vitro:. Isolatian of thecallus ánd susp- nsion csltures.

Isoatlon Isan Important task. ince several changes are Invotved in producing somadonal variation i-dlfferent plantspecles, it is ver difficu!t to sort ou? the somaclonal variants uslng a single selectionsystem. A number ofselectlon systems are now being used to select the varants *******************.*** ** **

A. Selecttonwithout selection ressur
Unorganiaed cafusand.cells gu. wn in cultures for arious periods on a medlum that contains no seler ive.ogents toxicor Inhibitorysubs nce). are induced to differentiate whole plants. The regenerated plar sare ultlimatelý transferred to ti feld and screened for variation. Somaclonal variants Of variouscro
sUgarcane, potato, tomato, ge' 2niurn, cereals & grasses and Lucern have been lsolated for various
desirabletrats

like

B. Selection-with seleçtion pressure
Inthismethòd vàriant,.cell ines are screened from cultures by their ability to survive In the presence: f a
substance in, medium that may e toxicfinhibitory or under conditions of environmental stress. e.g.
amino-acid ardalogue and amin:-acids resistance ,disease resistance, herbicide resistanceenvironmeralstress tglerance, auxotrophic lines, antibiotic resistance ei



2. Determination ofthe cell nur:he:: Tske the suspenslbn and filter off the culture throuyh a vire mesh

Volume of

liltrate containing single ceils . ti clumps and place the drop of this süspension t) hienmocytometer to

determlne the number of cel: !: i1n equation

Achievements

Seed weight, proteln percentage, tiller no, panicle length, time çl i0wering.

At IRRIwEI ied
Rica

Gadin proteirn in seed grain colour,plant helght,heading,date & yielzweremanifested

laatsegen83te-1esistance-ta-tothT-toxin-&-iakaicaby Dreehsless-aydisy€usl-

southernieafblight
Resistance against phytophtoralnfestans& Altemdriasolani

Resistance to Fusarium oxysporium

Jolntless pedicel, tangerine vlrescentleaf,flower i fruit colour

Reslstanceto smut dlsease causd byUstilugo SCsmini, downy milde,eye spotdiseas.

2. Wheat
i3LMaizo-

4potat9
5 Tomato

6Sugarcane

rnlum bevelopment of-leluetRose-

Mchanism of somaclonalvarlatlon:
1. The pre-axisting genetic varition In the explants tisue;

2. Spontanebusmutatlon during many divislon cycles oftheExplat.

3. Humerkaland structuralchanges in chromosome during In vit- gro
4. Inuacelulat mutagenic agents produced during in vitro growth .
S. Activation o Jumping genes are genctlcentitles which have the öcus wñch they ggt.iptegrated is.

matured

0elineihetermtidnsgerieriänkedescilbein tiéfutöusappticei0riSöftransgenteplan herop
TOVemeni(09:10);113-14

Aas:TransgenicPlant:-Aplantih which 3 gene has beefnylksrettkardh genëtic eñgineerng is caled ;
tansgenic plant
Varlous appllcatlonsof transgenle plant in eropimprovemen

I Herblclde Resistance: Blodegradable.hardiptdes are mostoesirbl. but they arenon selectlve. Therefote the
development of crop plants resistalza-aethesaherbiddesis ne cessury. This can beobtainedby three vgys (1)
Overproduction or insensitivity óftheeodyne oherbjcide (2) Degr tation or lnactivation of enzymes (
transgenic Petunia plant resistancoa 6lyPhosatewere developed t. transtering a gère which over produce

/S

enzyne ESPS.

Insect Resistance: y gene/protelNRproteln) trom a bacte m bxallus thuringenis (8t) effectlve In

protecthg crop plants fropídatrdctivelgset attacks e.g. Hellcovera armugera, 8tproduces aproteln (deltaa

endotoxin) during sporyfatton. Cryprotelnsare actlve agalnst larvar of the target ingecs like llpldopterans,

dipterans. TheirusislImiteghecadsaof thelr high cost &instabilit under fieldcondition.

Vinus Reststantearqusapprches have beenusedfor resistan sàs (3)Coat protein approach (2) DNA of.
satellite RPA, B30efecivo-virg guhorne l9antisense RNA approa,, etc. Out of thest of coat proteln

9p*Ob}as been nosauccesshe eliectiveness of coat protr gene in conterringvirusresistance.can

heatçcte by both the amountof coat proteln produced in transge-ic plant.andthe by thconc, Ofv

inogurg,Hairat tránsgenie plant of this type was tobacco by the oat protein gehe.tobccoMosalcVirus

******"****** ******** '***'sspn

'

daas Resttgnke: Disease resistance is transfered in plants by tzllowing transgenes: (1}Genes speciying

toiipctiytion,2) genes encodinginsensilve target enzymes. (0Expression of antibacterial pepde
Jaxbresion bacteral hysosomes, etc. Dseese resistance is inerteš In plant by the transfer of fesitance gene

7eome of the plant

65



1D ught Resistance: Number of genes are isolatect, «hneil and expressed in plants which are potential.0ce ofabiotic stress in crupplant.The genes resp3nil: ftr drought resistance are isolated from theo h.itt & transferred in the target plant which shows drnnght resistance.u protein quality: - Genes for seed storage protei:is äie transferred into tobacco frern cereals and pulsnrease the protein quality. Rice does not contain th: provitamin-Al.e.P-carotene, Three transgenesnsed in rice by Agrobacterium mediated method anj a new varielyisdeveloped knows as Golden Rice

.

thet

es
ere

hemical productlon: -Many valuable biochemicais ure produced by using mlerobes but it can be madeeasier cheaper by usfng plants. The biochem!cal's can ba producedinplants by transferring gene, enüdinvaluable proteins/eitmymes.The gene encoding Hirudin (antithrombin protein) has baen transferred In 8.napus it is expressed idseed,and Hirudin accumulates In cil bodies.

* *ArduthosdfgeneietránformailanDariNdeaiAgtotacteriumedatedttanšfótma
rasWithsuitable exaniediagram.{09-10)Mi0:111112

Ans. Vaygous Methads 0fGenetleTransformatlon
1. Agrobdcte-yi mdlatëd [indlrect method)
2. DNA mediz:ed/pirectmedlated

Chemical method--
Electroporation

-1. PEG mediated
2.Calctum Phosphate co-ppt

3.DMSOmediated

4.DEAEmediated-

Microprojectite-
Lipofection

Miaolnjection
tacrolnjection

Polen tanster
DNA transfer via pollen tube
Utra sound/ laserlnduced. Silicon carblde

1. Fiber medisted gene transfer
Agrobacterium mediated gene trarisfer:- ít ls achievd in following.two waysA. Co-culturewjth tlssue Explant

8. In plantatrnsfömatkon
A. Co-cuture with sue Explsnt;- the appropriate gene constructionisinserted wjthin t. T-regich of a
disarmed T plasmid, either i co-iñtegrate or a binaryvector is used. The recomblnant DNA « ploced i
Agrobacterium whic is ten co-çulture: with the plant cell or tissue to be formed about 2 ays.In tase of many
plant species, small af ovs; areexcisec from surface sterilized leaves & usedforco-cultivaon.Ez tomato,tobacco, petunia etc

B. In planta transformatýon; surface sterilized leaf disc of plants areinoculatedwithAgrcoactenumumefaciens strains avinga modified tumour Inducing plasnid& cultured for 2 days. The Haf dsg that develog
infection are transfer-edta3selection medium enrlched only with kanamycln. The regener stion of transformed
plant witbin 2-3 weei ol?he culture

A***************""******"********tart ***** **********"*
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**
lnesGnenR etthgdevelópmentaipateriat.somaticembryos

WembryosI1
zlor tissue developInto differentiatedembryosnaeacrlull

omalicembryasDirerenttatel
AFUefn-the process by whlch thesom

. developedembiyols capable of developlr it aplantlet.

DevelopmentPattern Somatle Embrye
TSomatie embryos, eralyoriginat

2. This mútltcelMular group becomes ied 2 brt2
.and subsequently bycutinist

3. The cellof meristematlc mass continuestr sivice to give rise to glo Heactshaped, torpedo andcotyledonary stages.
4. The leatureater the globular stage Iscora uule lu zygolle pupros.
S. Somatk embryos formed are blpolar struc:ares hayingradicaand plugatler6. The radicldar end Is always orlented towares the centeohecalusorceftmass while theplumular ndalways slcks outfrom the cell mass.
1. Ashoot bud ls monopolar as It doesnothove a radlcuatent
8, As thesomatic embryo has both radital andplumyiedevekgpsIoto.root andshoot respectively in'the samemedla by the Process by DeamInation.
9. Sometlmes in sornatie embryos, radicaliAppressed so thatheydo not prodjce roots,in such cases rootshave to regeneratëfrom the shoospreh edby gerrnlnating somatlc embryos10, This process of germinatngplantletb6n »qmab embryo ls called as somaticónversation11. The somatic embryo obtglhedfrofxphsdrcattys are termedas primary somatlc embryo., In some cases

where somadc embryos regengrate fron "iatishse of other somatic embryos calledàs SecondarySomaticembryos.

hitEh dimderatronreoýopmeristemaueell
oplasmlcecinneciongkihthe othejtels,around it

el.masstheouzrwals o

.
**************** *******" **** ********** ******** **** nass sg*uastereesV

Sr no 1Sopaticemryo
AEmbrygderived fhemyita'.ccell

ASUSpengorsareless.deyelopesN

Do not undergodestccation& dormany
Mas no seed coat & hence ditect contact
wi medium

Eels aresomeume recalcitrart

A2ohesent stagelsabsent

ZYBotle embryo
A embryo develop fromzygotefunlon ofgametes)Suspensors lswelldeveloped

Undergo dormany_
Has seedcoat & Hence not direct coñtactwithmedium

Cells arealwaystotlpotent
Cohesent stageIspresent
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Ans: Tissue Culture: Planttissué culture is defined as culture of cell, tissue, organ or "whole plant in a metiur
under aseptic and controlled conditions.

Application of invitro culture:
.Micropropagation: Micropropagation is the practice of rapidlymultlplyingstockplantmaterial to produc

large number of progeny plants, using modern plant tissue culture methods, Micropropagation
is used to

multiply novelplants,suchasthose that have been genetically modified orbred through conventional plarat
breeding methods. Itjsalso used to provide a sufficient numberof plantlets for planting from a stock plant

which doesnotproduceseds,ordoesnotrespondwelltovegetativerebroductión
2. Clonal Propagation:-Multipllcation

of genetically dentel copiesofaculthvar by asexualreproductionis
called ds clonalpropagatlon.Thevåríability arisesn sexsal reproduction and sed formätlonin croppla rnts

is.restrlctedclañalmultlplication.of.cultivar

isvermpertantinhórticultureamhsilviculturè.
3. Produalon of genetlçally variable plants: Tissue -lture also producethevarlationin the chromosome

number of cells thatOccurs after a number of serla' subcultures.

4. Plant Pathology andPlanttlssue Culture:-Eradicar n of viruses Is practlcally achleved by the apical Merist emn
culture because theaplcalMeristem are generally xhet free or carry a very low concentråtion bf viuses.The

-apicalMeiistemdeultuielsthe-onlyway-to-ebtaineeaelene-afvirusfree-plantwhicli

arbemultiptiedvegetativelyundercontrolled condition
.''.

5. Mant breeding, Plant Improvement and Plant tissu=cuture:Thecomventlönalbreedingmethods aretha
widely used for crop,Improvemént

But in certaln siaticns, thése mechods have tobe supplémented with
plant tissue culturetechniqueseither to increase, teir efciency or to achleve the objective'whlch is not
possible through conventionäl methods. Embryo cuw ure is malnly used in thé recovery of thehybrld plants
from distantcrossès

6. Production of useful blochemical Various plant cell culturesare used to obtain the various types of
biochemlcalunder InVitroconditions.Ex-nicotine, tropine, caffeine,etc

7. Presvatlón of Plant GenetlcResources or gene conservatlon banks:- conservation öf the plant gehetlc. diversity or germplasm whlch are replaced by new -ant ulvars is theneedöf recent agulcultufe. Centraliz egene banks arethe pacticalways to solve these pr ens Konventionally these germplasmarestored in theform of seed but It notapplicable for the vegetat zly agated pantsSomaclonalvarlatlon:- Thegenetlcvariation obtai 1 through the tissue culture. It is mošt Important for th ebreeding purpose. The varlation may be beneflcial r harr'l but the variatlori ls èssentlal for thebroadgeneticbasefromi whlchwecan improve therecen: zuftraswith theFelp ofConveptional or other breeding

8.

rethods.

****

01 DenEheritre DBEUESIhEfactorsafectin anthe ülküreimitak6nofanthercoltüre
technquesIE24101
Ans: Antherculture-culturlnganthersof precise & crr cal stege which Is to be lsolated from unopened flowerbuds & cultured on actiflcial nutrient medium.
Factors Affecting Anther Culture
1. Genotype of the donor plant:anther culture is majzrly affected by the genotype of the donar plant. some thecharacters exhibit by the mother plant are somewha: different from the required characters & this differenceis due to the genotype of the parent plant
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dr to release the pollens
Aather wall factor: duing anther culture, thewalls of anther is ruptured ir

hlch are present in the anther thus new plantlets are developed from th:

aie not properly ruptured they may cause disturbance in the process of ar.t. culure

Cylture medium:-ditterent ypes of culture media support differently resuntis, o tive Drganoids if proper

Culture medla is not used. Generally MS media is commonly used

4. Development staße Ot äntner- Tuly matured/ove uped ahthers a.
culture as they lose their visbility. Proper immature, Intermediatory staze

5.
Physlologyofdonor plantli-thedonoror the parent plant should be weli

should be selectled for Anther culture. It should posses health physiology

6. Temperature:-temperature is thethermalgradient for vhlch affect the proces of anther culture. Suitable

-temparaturesor.ather.culturais 24.28C

0 materlal,thus il anther wall s

Stuited for theanther

are chosen forculture

ped & highly prolific which

'.

Imitation of Anther CustureTechniques

1. The frequenc. of haploid productlon Is Very low.

2. Development af haploids by tisue culture technique requires high leve of knowledheandmanagement.
-Besldas hapleds, diffrentPloldgkevelsareproduced,Ex tiplolu, tetrploid,

**** ******* ****** *******

.
4. The calus derved from anther culture ls usualy harmful to haploid production '
S. Tsolationof haaloids from cultures is often dificult.
6. Haplolds vltt narmful tralts frequentlý develop in cultures.

7. The doubling zf haploids may not alhvays lead to formaton of homozygousplanti
8 Itls not profitzble due to vary low sucess rate

Anss

1. Production of rare hybrlds from Intergenerlc and interspècific crosses.
The hybrld embryo falled to develou due to poor (or) abnormal devalopment of endosperm: But insuc

cases, the emaryo may be potentlaly capable of normal grovth and differention.T hybrid plants can be
ralsed by cult ring these hybrld embryos before the onset of abortlon.

2, Development of disease reslstant plants

Embryocultu e has been useful in evolving djsease rsistant plants. Eg» Tomato res, tance to virus, fungi
andneniatod Lycoperslconesculentumx lperuvlunum,Potalo- resistance,to potio leál rollvirus
Solanum tube osum « S. tuberosua

-Roductlon of haptolds

This techrique represents a consdeiable advancement in the production of barley raplods and It has a
number of ac-antages over anther culture. The frequency of haplold formatlonjsq.te high by thls
method. th aolition, no aneuplods are obtained by this methad. But thistéchniqu.Ja5.a.dsadwantageof.

belng highi l.borious because it izvolves crosslng, embryo exclsion and then reger ration

4, Overconmlng seed dormancy
Embryo cazku e technique is apphed to break seed dormancy which can be caused by numeraus factors

rcluding end.genous Inhibltos, spedfic light requirements, low temperature, dry sorage requirements
and embryo immaturity. These factous can be circumvented by embryo excisionl and culture. in same früit
traes emkryos reguired a dormancy nerlod after rinenina hofaro aarminatinn



. Shortening of Brecding cycle

There are many species that exhibit sced dorniancy often localized in seesd coat and (or) endosper . B

removing these inhibilors seeds germinate immedlately. Seeds sometimes take upwater and 02ery

slowly lor) not at all to the seed coat and sogerminate slowly if at all Eg:* Brussels sprouts, Rose, Delo
oil polm. iris

6. Propagation of rare plants:

This techniqye ls used for production of seedlings from seeds of naturally vegetatively propagatedplants

such as banana, colacosia esculentum whose seeds do not germinate in nature,

i, Propagation oforhidss

Orchids areidifficul to propagate as thelr seeds lack any stored fooa (Endosperm) and embryos are

virtually naked. In many orchlds embryo devlopment is Incomplete at the time the seeds malüure/Atbér
young for) inature embryos are exclsed from the seeds and culturec 2n nutrient mediumtorebyalIe
plants

8. Preventlon of embryo abortlon wilth early rlpening stone fruits

Some species prodyce sterile seeds thatwil not germinate under apegoptlatecondituons andeventu aly
decayinsol: Eg:- Early rlpening varletles, of peach, cherry, apple, plés1et

9. donalMicropropagatlon

The regenerätive potental is an essentlal prerequlsite in non-converadgal meihodsöf piant genettc

manipulatlons, Because ofthelrjuvenile nature, embryos havehghtenal6r regeneratlonand he snce

may be usedfor in vitro conal propagaton. Thissespeciptfythue dkonérí and Graminacous
mermbers. Geiminatlon of seedsof óbligatoryparasitezwithqut thes Imposibleln viro but ls

achievable h embryo tulture

10. Rapld seed viablity testing:

Germination of ekcsed embryo s regardedaspner teliablé test for atèrmining.seed viabilly than usi al
stairing methóds:A good coielatforvhKeey holurpetiween tbe grzwth of excsed embryos.o

nripened seeds ondgérmlnatfonphsipknedseeiff peach. Peach ser is take several monihs to
erminate undez normal conditiong.

Q13:2etride thëtechnigbesdfembryotulüire?1314

AnsTechnkques QfErmbrdCutsce
********************urface stërllizaa

******* ********* ************
*****************T******** i

**************

xcision oterla
3meryo-qdosRerdvarsolaht

4utritionalrequrahé
S 'ateoagrbpr}nsspenslon culture

Asaesrehinaton
An embrosepd plantsnormally develops Inslde the ovule whlch in turn are cavered by ovarles. Since theyalreadyeastfasterile, eivlronment, dlslnfectlon of the embryo surface is unnecessary unless the seed coats areInjured ostemic infëctlon Is present Instead, mature seeds, entire ovule or fruits, are surfac sterilized. Surlacesterillaticn is carrled out by immerslng the material In hypochlorite containing commerclal bleach for 5 to 10 min.



A all :ount j0.01-0.1 %) of a surfactant (Teepol) may be a.f. ied to disintection solution. In case ot intetted

sec, .cised embryos may be inmmersed in70% alent-1 :s 5 10 rnin exposure to 2.5% sodlum bypochilur it.

solution

2. iKcision of embryo

Embncision operation is carried out aseptitally in a lamina airiow hood. A stereomicroscope (so X) equip>r.

with coay fluorescent lamp is required for excision of sanall embrye. The commony used disecting tools are

forceps, disecting needles, scalpels, ralor blades and Pastcur pipettes Mäture embryo can be Bolated with

elaive ese by splitlngopenthe seeds.Sostnz'a hard-coat segdsfer few tcusta 1fscYNefare starilizatian

makes its dissection easier. In case of embryos embedted in liquld enospern, the inclsioh ismade at micro polar

end ct yung ovuie 2nd pressure: appledat opposte end to force the embyo out througa the inision

3. Embryoendosperm transplant

ificult to cutucenmbryotrvitnowhithaborts at very earh tages of developmeat bécause of lackof

Enowledce of nutritional requlrements. The chances of deyelapment immatureorabortve embnyos Increases if
they are surtounded by endospermtlssues ercised from anothcr seet sl amt specles. Gandraly an endosperm
older than the embryo by 5 days was more cfldent as a rurse tisue 2an cne of the same ize as the embsyo

A-Nutritlonalroqultement-
The Nutritlonal reçulremepts of anembryoduring its develepment ir mo corstiute two phases:(o]heterotrophic
phasean earlyphise whe reln anembyos dependent and draws upen the trdasperm andmatertal tissues andb)
The autotrophic phase In whlch the embyo ls metabolicly capable vynheszing 'vubsttoces requlred foç its
owth, thus beconnlng falrly lndependent ox nutritldon

5. Nola of embryo In suspenslon culture
Suspensor Is actvely lnvohved In embryo developrment. The suspensor s an eghamaral strueture lound at theradkilar end of the proembryo and atalns maunum development b> tde time embryorteiçhes globulr stage. Incultures the presence of a suspensor ls critdeal parteularly for the sunral at ycung èmbryos. The requlrement ofthe suspensor may be substltuted by the acdidonof GAor ABA to the uiture madhun

AnsMedla: it ls asubstrate used lor pant growth such as soil, sane aza-igar

1 Inorganic sah; Divided Into two groups a) major b) mlnorsa
Major salts:Ihesalts o ,,Mg and s tonsttu e the maje salhs. Nitiogen is generally

used as nitrate or ammonlurn salts, sulphur vs sulpha es and phosphorousas phosphates.

**********

b)inor sats: The salts of e, 2n, Mn, Boron, Cu, Cobah Mb. odine, etc makeyp the minor sal'.
. These salts are essential lor the growth of tissues anc ire requlredih tracequantities.

2. Iron Sourte

Out of all the trace elementsIroniš ta most eritical. t has been observed that iron tartarate and citrate
precipitate in the medium and pase d.ficulry In Its utilization Therefore, Iron Is used In a chelated form ote

EDTAIe. thyleneDiamlne Tetua Ace:it Acld. In this state, it u gradually released lnto the culture mediu
as it is utized by the living cells.



:3 Vitamins
Vitamins are orgarnic compounds synthesized naturally In the plants. Thetwe, these ore supplemented
in the culture neuie. iMost commonly used are nicotinic acid,thiamine, ioine, biotin, ascorbic acid,

ribolavin etc.

4 Carbon Source
.Carbonlssupplied as asugar,usually sucrose. It getsconverted into glucose and fructose which are'readily utlized by the tlssue. Thus, sucrose ls folowed by the use of gliccse and fructose. But autoclávecglucose and fructose do not prove much teneficial.

**** ********** **** * *****5. Plant Growth Regulators
Plant growth regulators can de tategarlteda8

Auxirnst-Auainis possesstheprozitofInducingcell-diision, elorigatianofinterncjes; yildominance androotingThere ar= various Auxinswhichare supplemented exogefoustyin thehutriént medium like JAA, 1BA, 2-0, NAA, 2,4.5-T, pCPA, MCPA, Pícloram K)b. Cytokinins:-These adenlnederlvativesinduce and enhance cell division, shipgt.ifegentationCommonly used Cytokinns are 6-P, 2p, Kinetin, Zeatin etc
C. Gibberelins:: Some plant specles equire gibberellins for growth, GA3hamostcominyonly use cagibberellin, enhances cel growth and proliferatlon, and also helpsJn ehdngåtiórofels
d. Abselsleacld-Theeffectof Abscscacidthlehly.sperificyarylngsom speçlstospeles=lHs-known,to Inhiblt andenhance grewth of cells

.

6. Organlc Supplements

Besides vitamins, organlc compqunds are asosupplementei theform ofåmlno aclds keGlutamine
sCaseln Hydrolysate, Asparagine, Prollne eh. Aditionohdenlndsulpbate also enharicesshobt

. 'productiop. Moreover,orgånic exttacts of nrdentisedhaturgárealsa'added to the culturè medla. Thes e'are chlefly of natural orlgin, like coconumik,porátaextagtorfruit extracts.

; Gelling Agent
,To provide a substrate for the growingc pédisaap.Jlayid media ls solidifid uslng Agar, Gelatin,
Algnate or Phytagel. However, agar-agar is preférretAthemost,as it does not react with the constituentss
and is not digested býtheplantépgmes.

8. pH
pH affects the growth of pant tdkqueband,>herelore, it needsto bè optlmlzed. The pH affects uptake of

lonsfor most pf mediz-fotmulation Qplifn m pH ranges Between 5.0 and 6.0.
************ne ***************d********************s*st *j*** ****a** *ansns** ***************** *******" *****************************

Actiyated.charcpál

.Itisknowntosifhylatègrowth and differe-tiation in certali plant species. It also helps in reduclng toxic
elfect ofthehartmfyhseerètioqs ofthe cultves

10, Antlbfofics

Athough.lhaddition ofahtlblotics ls unde»rabie, in Explants sufferlng froin systemic infectlon it ls sed
overcoçnie contamihatfon of theresultan cultures.



ratic hybridization:-production of hybrid planis tin uin the fusion of two different plantsppis callégssomatc hybridization

Steps involved in somatic hybridization

isolationof protoplast

Fusion of protophast of desired spp
Selection of somatic hybrid cell
ulture ofhybrid cell

Methecs ForProtoptast Fusior-
1. Spontaneous Fuslon

Sometimes fusion occurs without any control during the isolatlon andpurificationofprotoplasts. This results inheproductionofhomokaryonsrather than desirec nelerokaryons.Thesehomokaryons contajn multinuclear,bodiewhich are mainlyförmed duetothe expansion s plasmodesmata of adjacent cells duringenzymatic digestiohisprocess is known as "spontaneous fuslon". Sorar:imes these multinuclear bodles contaln 2-40 nuclel. AdlfjerentYpe cfsportangous uzion wasreportedinbwe äliaceouUS species (toand Maada, 1973)Patoplastsofzbese)..specles obtained from meiotic pollen mother celsfused'justupon physical contact withoutany xtesratiadciaér
2 MechanicalFyslon

This tYpe of fuslondoes not requlrechemlcalfiusagen Mechanical fuslon ofprotoplasts is açcomplghedbypushingtogëther two protoplasts as In case ofAcetabutzria. MoreoverprotoplastscouabeuseEoRRUTFapping n adepression slide readily after Its release In enzymatic solution. However themaln draybacyofthismethod is thatprotoplasts have a great chance of Injury.

3 limmunolopicalFusign

Thisipe of fušlon wasemployed byHartmann et al. (1973) for the agglutinátiqnpf/protoplasts froim suspensjàncultuteof Bfomus, Glycine and Vicio, Inmmune sefa is prepared againstpfotoplastáda-atäbbltwhich causes th.agglunatlon of protoplasts. Antibody of Glycine and Bromus dpessyeactedylghaggleúnatdprotoplasts of Vicia. ,These piotoplasts showed divlslon after antiboay treatment...
4: ChemicalFusiani-
Chemicals employed In thls method are polyetrylene Glycol, Rolyihyjkyeol)Polydelyslne, Sodlum Nitrate (NaNO;),Dextrósulphte, etc. other requirementsareCot bigh pH, etc.

Sodiumnitrate (MaN0,)
b) Combinatlon of high pH& Cat*

cPolyethyleneglycol(PEG)

Fuslcn of isolated plant protoplasts ispgsible ndekcertain'physicalconditions.These chemicals are coupled withphysiçal condltonis, to alter the properyof ger ipranewhich facilitated the formation of bridgébetween twoprotoplasts. The assoclatlon of profoglastsharheeídescribed as "fuslon like soap bbbles"as"plasmosyndnesis"and's"agglutinatlon". ifcellsaferk0'A Aapart from each other fusionwould not occur. For fusionremoal ofnegativesurfacechardeso{lsolateeprotoplasts is a myst. Nagata and Melchers (i978)demonstrstedhe presence of negativechargas, désghatedapotentials wlth the help of electtophorslsThesepotentjalsarebetween the rangeof8mVtbA5ydenpyalng upon the cell typeusecand its ploldy level. Ca++ helpsremoval ofnegatlve chargesata.concéntratior of1o0mM andfäilitätësagglutihattanand fuslon.Any chémlcalcompoyhdyhicK{hduces the protoplassoslor is known as fusogen or fusion Inducingchemicals. PolyethyleneBlycol(PEC)Abeenloundto be an elficient sion inducing agent.

A

*.

5. Elecfroluslon

Thismethodalproteplast fuslon In an electric ield was given by Senda et al(1979) and Zimmerman and Scheurich(A9k)sdnpehySrisšiation of two auxotrophik tobacco lines by Electrofusionhad been establighed (Kohn ang9chieser



Electrofusionactsasan alternativë meins tozheinicallyiunduced fusion. Chemicalmethod;lay..disadvantages like: they are toxic at higi neertration(4(40%),theirremovalisa must from proli,'i: iirfusion
and they also cause the production or in:in:ucleated undesirable fusion products

AnstMolecular Markers: A molecular marker may be defined as a DNA sequence used for a chronasome
mappng as it eanbelocated àta speciic site in a chromosome

:

I9pieL.mazkr
1. Morghological marxers
2. Blochemical.markes

3. Molecular markers

-ANonPCR-338d

1 Restrion Fragment Length Polymorphlsm RFLP
8. PCRbase
91. Rancm Amplified Polymorphic DNA(RAPD)

2. Amp.ied Fragnment Length Polymorphism (AFLP)3. Variaale number of Tandem Repeat DNA (VNTR)
4. DNA aTmplisicationFingerprinting (DAF)
5 Simp Sequence Fingerorintng SSF)

Minisatelite. Microsatelite

A.1.Restriction Fragment Lenech Polymorphism RFLPt referstovarlations found hi the specles in thelengthof DNA fragments generated by specific endonucleas e.

RFLPsare the firstfypeofDNA marker developed todisthgulsh Individuals at the DNA level
Advantages

1. 1It issinplé & chea,er technique of DNA sequencing
2. It doesnotrequire special instrumentation
3. Majority of RFP markers are co-dominatlng & high locus specific4, RFLP are powerful ools.fer comparatlve & synteny mapping5. Numerous sample ane simultaneously screenedDIsadvantage

1. Developling'sets ofRf probes & markersi labourintensive2. Thls technique require s high quality of DNA
3. The multiplex ratto ls kiw
4. RFLP fingerprintsfortrultigene familles areoftencomplete&dilficulttoscöre --*****

****** ******** *********** *************** ******.5. The genotypingthrounot75low

8.1.Random Amplified Polymo-phik
DNA (RAPD)trefers to polymorphism tounc within a species in the randomly amplIfled fragments cf DNA generatrd by

restriction endonuclease enzyr. RAPO are PCR based molecularmarkers this technique was propose: by
Wilamset al 1990, The RAPD arkers are donminating8

.Advantages
1. This techniqye is slmple & quick
2. RAPD primers are readiy avaiable
3. If can be employed wit any specles using universal priniers4. t provides more polymarphism than RFLPS



Ois 3avditdgEs

1. The detection of polymorphism is limited as ircase of RFLPs

2. This techtique only det:cts dominant markers.

B.ZAmplified Fragment Leng!h Polymorphism (AFLP)

AFLPS are difference in restrictlon fragment length caused by SNPs(single nucle
createsor abolish restriction nuclcase recognisation sites. AFLP assay are perfe

pool of restuiction fragments using PCR

Advantages

1. This technlque proyldes very high multiplex ratio & genotyplng throu
hlstechnizva can.be-applied.to-uirtualany

3. Result devsoped are hlghly reproducible

4. No special mstrumentation is required

S.Start upcos forAFLP is moderately low

Disadvantagas

1 Hlgh qualit- DNA is needed to ensure to plete restriction
2. The homolszy'of restrlction fragment casnot be unequivocally asc
3. Itis diffcut to develop locus specific markers
4. t generally nvolved radloactlve methods through non radioative methodsare avilabléAut tHey.argrarely used

5 The maxlmam polymorphic information content for any bl-allelle markerIs 0.5

pc:hism) or INOELs that
ively amplifying a

ed across enotypes

B.3.MInisatellite or varlablenumber of tandeinepeäts(VNTR$):Themostildspredd/arpongthso,enmarkers are the varable number of tandemrepeats(VNTRS).The VNTA aréAlehlyp6tymarohieandles: isableto PCR analysis beca use they have large sequence matifs (about 1000 bp).VNJRSaguehçe arémade up ofvarlable number erc to end duplications ofldentlealof almost ldentical,segdentès of-80ases, 5-50 basesarecommon In mammas

BA.Microsatellites or simple séquance repeals (5SRs}:SSRsmerandohmtyrépeated' mono di, tri, tetra, penté, andhexa nucleotide.mo-fs. The SSR length polymorphlsms are causédbkdifexencesIn the nuaher of repeats. TheSSR locl are indlyidually amplified by PCR using palrs ofolisoikleotldeprimersspecific to ünlque DNA sequencesflakingtheSS sequence.
Advantagés

1. The SS mskers tend to ba hlghly palyrngtphlc.
2: Most SSR markers are cq-dominant2ndlokusspeclfic V3. This is a sirple PCR based techfíqut \Disadvantage

1. The develooment of SSRs is laboúriçtenstye. vThe cost,ofdeveop g SSR markersiveryhi

V .

.

*******************************
*****************

*******
***********************************************set

sesse*******************************
*****

************* ******an*des en»CEzpeflihetoligotönic)PAiehttontlieamgtanteoltöirpötentyfnplantsciencej13:10

Ans-Totlpotency- sénêtile ppiéntihof Payt cell to produce the entre plant is called as tipoténo.
imiportanceofTotlotencyY

hMisa capacit+ which isretaingd even alter a cell has undergone finaldilfferentlatlor inthe phntbogy.Inplantsen hialy mature and differenticted
cells retain theability to regenrate to a meristematic state as

onga&thèy haan Intact membrane system anda viable nucleusThisscontraicdpg to anlmals, where diferentiatlon
Is generally irreverslble,For a differgntiatedcel,

exprcs ts totipótency, it first undergoes dedilferentlation follqwed byredlfferentiaion. Thephenomenono
maturecef revertlng to the meristematic state and forming undifferentlated callustssue1s termed
dedilferentiation'.

7/U
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The henoinenon ofconversion of componil cells of callus tisstte to whole plant or plant organs ircs
redilferentiatio.

BAMDThrotdtok.or.olayNaKONS

1. Select upper part of stem 3-4' tall, cut 2m long internodeSurface sterilize the Internode 70% ethanol for 30sec3.. Incubate ItwithNaoc (sdium hypochlorite) for 15mln4Washit 2.2 imiesauithdistiledaweteF
S. TakesterilizedExplantinpetridish, cut it longitudlnally into 2 precesToinitiate.crgahogeneslsusems medium + 2mg/it lA+0.2 e/it kinetin7. Cultureisincubated at25'C,100LUX,16hrsphotopeciad8. Callus formation takeplace in 3weeks by using -ms + 0.02 mgie.IA4+1mg/litkinetin9 Shoot formatton fakes place In 2-3 weeks by using-ms+02mg:it

IAA+ 0.02mg/it Kinetin
10: After 6.weeksroks can'be Induced using-ms +0.02mg/lit1A-3.02mg/lit kinétni, The plantletsarecarefulytransplanted lin thé polythene bagsa-d taken to greenhouse for hardening

2.

6.

purpose

ototoitor.caitus.cuitürepfrapidoi
1..ATresh tapróotoftarrot Is takenànd washed thoroughly under running'topwater to remove all surla cedirts.
2.The tap roót Is then dipped into 5/% "Teepol" for 10miutes an: then the rootiswashed3. The tap rootis suface sterdized by immersing in 70%v/v ethasel for 60 seconds followed by 20-25minutes in sodlum hypochlorlte 0.8%
4 The rootIswashed3 tmes wlth sterlized distilled water taremoveNa0Cl.S. .The carrotîs then transferred to a sterilized petrldlsh containing a flter paper. A series of transverse slice1mm In thicknessiscut from the tap root using a sharp scalpel
6 Each piece is tránsfer to another sterile petridish. Each plece cor tains a whitish clreular ring of cambiunaround the pith Aoarea of 4mm across the cambium is cut fren each piece so thateach píece contairasgart of phloem. Cambjum and zylem slze and thickness of Explar t should be uniform7. Alwaysthe lid of petrldish is replaced alter each manlpulatlon
8. The çlosure Icotlon plug) from a culture tube is removecland Ilaned the uppermost 20mm of the openend. While kiolding the tube at an angle of 45", an Explant is trar sferred using forcepspnto surface of th eagarified nutrient medlum. Nutrient medium is Gamborg's B, or MS medium upplemented with 0.5 mgA2, 4-D

9. Theclosure isimmediately,placed onthe openmouthof eachtube,Dätemedium and name of the plan tare written on the culture tube by a glass marking pen or pencil

10 Cultures arc incubated In dark at 25°C In culture room.
11. After 4 weeks in culture the whole callus mass is taken out asept.cally on a sterlle petridish and'shauld b edivlded Into twoor three pleces

. 12. Sach plece'ofcalitus tlssue ls transferred to a tube contalning'sar e fresh medlum
13. Prolonged culture of carrot tlssue produces large calluses.

.

******************are* *rne-o**************** ******* *****I

..

BEPotatolfoSuspenšio1kiNare
1., Take 150/250'mlconlcal flask contalning autoclaved 40/60 mlliq:ald medium
2. Transfer 3-4 pieces ofpre-establlshed callus tlssue (approx. 1g each) from culture tube using the spoon

.headedspatulato conical flask.



2Flanm2 t 7ntal lask;close the mouth of tonical ilasi. tuf Auminium foil or a cotton

fith piece of brown paper.

it cinps of 3 totaryshaker moving att )iaU IpIn:

GUr he contentof each flask through tlié it.i icve (nore diameter 60-1001u)

.
plug. Co

. Plarei.
SAftersC

and ccile ai it & uig sterilized tontainer..Thenilisi. . i lrce:cells and cell aggregates.

6. Allowt
offthe

r i0-15 minute orcentrifuge thz i**i* :0 to1000rpm and finally pour

. Resusp . cs i a equisite volume of liesh Ii.
.

d dispense thecellsuspension
equalilyi it2á tiasks(150/250ml).Place the it:s andalowthe freecellsand celt
3geregates :380.

3. ATthenex SüUTTlore,repearthepreiousstepstruttait-ortyran -HiAhofhsrsidual.cells-as.th
Inoculum and dispense equally in ilasks and qgain place rem on shaker.

9. Alter 3-4 suDcl:ures, transfer-10 ml of cell suspension am eaca iask into ney,lask containing 30 ml
fresh liquis mecium

'

ADalooydihduan0maticembyog isinarotcnitre
The plant materlal used is Daucus carota

1. Select leaf petiole (0.5 to 1em) or rool segment from 7azys old seedling (1cm) or cambfum tistue (o0

cm).

- Tansfer.into.schmi.solld msmedium+0.1mgl24-d+%suEroSe

3. Incubate cuiture in dark for4 weeks..t foims the callus
After 4weeks cell suspenslon culture is Initlated by trarsierrns ,2gnrgfeus20-23Alkquldmediain

250 ml Erlenmeyer flask

5. Place Rack on horizontal shaker @ 120-160 rpm, temp3
G. Sub culture the medlum alter 4 weeks by transferring 5-l ceil syshension5of fresh liquid medlum
7. For uniform embryo development from cell suspenslon :is t9-pé paspd thyough'asr!s of stalnless ste'el

meshsieve ,Slieve dia=74mim

3. Steved cell suspenslon Is culturad onliquid semisoldmynediun ireefrom 2,4-d
9. Add ABA O.1 jum used to inhibit precoclousgerminatiónuspacialfkroot elongatlon
10. Incubate in dark for 3-4 weeks, culture would coptn,ciffefehr develapmental stages
11. Somatie embryos can be placed on a agarmediunhydevt,oof?.sd fot platlet,development

. 12. Plantlets are finally transferredtopotsor vermiculilefe kubreduent developmant

****

1. Remove the young tvigsfromaeheälliy plan?Cut th- tip li cm) portion of the twig.
2. Surface stèrilized the shootápices by incobation In a solium hypochlorite solution 15 for 10 min,The
Explants re thoroughlynbed4NoèslDsterle distillec water.
3. Transfer sach Explanthoaxtelzepétrdish.

4. Remove the outepfeáves from each shoot apices with ; Jir of ;*eller's forcepš, This lessens thè possib|lityof catingintoAbesoftig/ünderiingtissue.
5, After tte rermoval of zll thg outenlepves,the apex is e>.oseu Lut off the ultimate apex with the help ofscalpelaa:ltransfefóniy thosslas thanimm inlengt.to Uiesudace.of.agafmediumor to thesurface oekgypr bridße.Flame jhepeck of culture tube befie ad sfter the transfer of excised tips. Blnocular
(dissechgg microscope canlbé used forcuttngthe true Meustem or shaot-tip perfectly

7Moclatahe culure under 16hrs light at 25'C

Aoon s tHe growing single leaty shoot or multple shoots obtained from single shoot tip or Mersteransier theém to hormone free medium to develop roc:.
8Tha plarts form by this way are later transferted to po:s cont aining compost and kept under green housecbrdi:icn ict hardening

**************
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Method-i

T iod is dascribed for the culture ofisolated u.
ba »cd for pollenculture &involves the foiloi

.:o. This techniquecanbeconside d as

:' 1. Tre.ine selected unopened flower bud tu thela
701.i solution for 10sec followed immadiateiy L; .i.i.uii in 2% Sodium hypochiorlte, then was
three times ith distiled water
Remove theanthers by sterile sharp scalpel & about 50 anthers are placed in small sterile beakercontaining 20mlliquid basal MS medium

ATtETS arethenpressed against the de of beaker with tne steri!e Blass piston of a syringe to squeez
e

.U: sterilize the flawer budswitth

2

0utpolans
4. The homogenizéd anthers are than filiared tirough a nylon sieve ( 40-S0um dia)

5. The filtrateiscentrifuged.at.lavu speer.s00-800rpm-forSrii, superiwatantWithfine debrisis discardedpillet of polleni is suspended in fresh liid medium & washed twice by repeated centrifugation
&resuspension in fresh liquld medium

G. Pollen are mixed'finaly with measurec volume of liquid vasal MS medium at density of 10-10 pollens

.****

.
/ml

7. A2.5 tnl pollen suspension is pipette o.i& spread In Scm petridish
8. Petri dish incubated at 27-30 C under lzw intensity oflight 50OLUX, 16hrs photoperlod9, Young embryoidscanbeobservei.afte 30 days-whlehtutimatelygive'Trisetohaplordplantlets10. Haploid plahtlets åre then Incubated a: 27-30 C in a 16hrs day light 2000LUX. Plantlets át maturltý aretransferred to soil as described in anther culture

Method-2

This method is known as nurse culture technique. Sharp et al(1972) first Introduced thls method.

1: Selection offlowei bud, sterilization, excision of anther, isolatiorn of suitable pollen are the same asdescribed previóusly
2. The intact anthers are placed horlzontat on the top of sulid or semisolid basal medium within a conlcal

flask

. *3. A smal filter paper disc is placd over the intact anther & aleut 10 pollen grains in the suspension are
then placd n lhe ilterpaper disc. Herr the intact anthers are cornsidered as the nurse tissue4. A controlset is also,prepard In exacty rne same way except that the poilens grains on the Mter paper a retissue

directiykept opolid medium. Sometmes, callus tissue derived from any part of the plaht isused ashurseWith this 'metlfod pöllen gralns in the corrol set did no: grown at all. The pollengrainskeptonnurse
tissue grow and form a culture of green tarenchymatous

issue within 2 weeks such tissue ultimately forn
the haploid callus tissue

**"************************
************

*******************************************************************************************

KTPrOtorolforovulecdtie
1. ,Collect the openlower(unfertlized

Qvu..1f fertilzed ovule are desired collect the open floyersvnere
anthers are dehisced and pollination has takenplace.To ensure the Fertilization, collectins
48hrs of anther dehiscence.
Remove pals, petals, androeclum etc frcm the ovaries containine either fertilized or unfertilzed ovules.

Soak the ovariesin8% NaOCl solution,4 Rinse the ovaries 3:4times with sterile distilledwater.



S. Usingsterile technique ovules are gently prodded with the help of spoon shaped spatula by breaking the
funicules 2t its junction placental tissue.

6. The spotula with ovules is gently lewered into the sterile solid or liquid mediumasthe culture vial is
slanted about 45°C.

1, Damaged or unorganlzed ovule are rejected when posile during transfer
&. Inubate the ovde culture in either dark orLight{16 hrs, 3000 LUx) at 25°c

rOnokaidreo giotonas
1. The protoplasts in igukd NT (Nagata and Takebe) medium are counted'with the help qf hàemocytometer.
aiedesstpiadjustadt to-+*40to?rtd*protoptast-yfmt.

2. Agar soiFed (16% Dfco' agsr) NT medium is melted.
3. The tigt Ed çf fekonplastke petridish (35 mmdlameterS mm thlckness ls opened'and 1.5l of

rotoglast suspensien ls taker. To this equal allquot of melted àgar miedlumisaddedwhenitcoólsqtwn
at 3Te to 40°C

4. The dis çicidy raplaced tgh:y and whcle dish is shided gently to dilsperse the'protoplat-aga>pheiunatre unkormly throughout he dish.
S. Tha mediun ls allowed to scliefy. The petridlsh IsthenInverted

6. The cuture is inaubated at 25 with 500 lux illumination (16 hrs llght)Initlally.
7. The cutures ere sud cultured zariodicaily in the same solld medlum (6% aggiraduallyreducing.manmtoi

- PratocollfatEmbjyoQilture
Thecapstles la the dastred staas of development aresurface sferlzed fors-19mnutes In 0:1 % Hglna lamlnar alr flow.

2 Wsh repeatedty in sterile water.
3. Further coparatlons are carried vut under aspeclakydessq disscungmlcrašcope ata magnificatlon cabout 90X. Thecapsules are kept In a depresslon shde chntalningfw dropsof liquld medlum4. The outerwall of capsuile is rer-oved by acut-inhesglon of.the6laenta;,the haves are push apart withforceps to expose the cvules.

S. A sihall Incislon In the ovule fot-owed by slight pressdre
embryos

6. The exclsed embryos are tranlereaRy nieropipette or small spoon headedsptulatostandard 10 epetridishes containlng 25 ml o' ssidined standardmedlum. Usually6- embryösar cultured in petritisht7. The petrldlshes are sealed wipsellobpe taprvent deslcatlonof the cultur
8. The cultures are kept In cujkuk odmat25+ YCand given 16hrs lumlnationsbycoolwhite fluorestent

tube.

ha-Slunt needle is enqugh to free the
'

9. Subeyltures into fresKmedlun are Aade at approimately four weeksIntetvl :!.""
******* *** ****************"********************

d**** *************s te***«s n intna o *
*T****************** ** ***

Q19Explainthefactdrsaficctingorgadenésis
Ans

M:Slperpant
ENnoganesis isgenerally dependent upon site of Explant. The large Explanconststling of paçenchy19utsye & cambium trace greater regeneration abilty than the smaller Explant.Small group ofogehçqus ilssue taken from epidermal or subepldermal layer coulddirectly give rlse to çomplexOARanke louer or bud or roct/



2. Source ol Explant

The ust suilable part of the plant lor starting culture will depend on species. leaves & leaf fragments of. n1any plant spp like Begonlo, Solanum, Nicotiano, Creps etc have shown capacity to regenerate shootbuds. Bulb scales of Hillum spp regenerate adventitious bulblets. Flowers stem Explant of Tullpo sppregenate shoot buds.

3 Ae of the Explart

hysioiogical age of Eplart is important lor Invitro organogenesis, In licotlana spp regeneratlon ofidventitious shoat is only more if the leaf Explant is collected fron vegetative staga le. béforé noweting.ieaf Evplants of Echeverio spp. That are collected frorn young leaves only produceroots,whereasoldereaves initiate only shoots buds & leaves of mediüm age produce both shoots & rodts.

4. Sessonal varjati-a
Bulbscales'ofLil:.speciosum regeneratesbulbsfreelyInvitro whenExplantis taken c_ring:prlng2autumn period c growth but same Explat collected from summer or winter season' dces'not produce3ny bulblets.

5.. Oxygen gradient

In some tulture sroot bud formatlan takes place when the gradient of available, oxyger inslde the oulturevessel is reduce, üt rooting requires a high oxygen gradient

6: Quality & Intensry of light

.The blue region'c"spectrum promotss root fommatlon& red lightsInduce rooting. Thet:eatment of bluelHght followedby eatment,of redlight alsa'stimulates the organogenetie phenomenon In some culturesartificlal uarscint lght favours rocdng&Inhiblts In other: Normally organogenslsIn ulturé takesplace with an illumination of 2000-3000 lux, 16 hrs of light.

.

.

7. .Temperature
Most tissue cultu'es are grown successfully at temperature around 25 C. in number of tulbous sppptimum temperature may be much lower ef about 15-18C Increase In femperatureupto33'Cmaybeassoclated withne in growth of tobacco callus but fot shootbud Initlation a lower tém; of about 18'Cmay be optimun

'

8. Culture medium
Mediunsolidifie with sgar favours ud formation although there are some reports abt ut thedevelopment of le al shoot buds on culture grown in a solid medium.

9. pH of the medlur*
ThepH of the ulrure medlum is generallyadiusted between5.6:5.8,beforesterilizaior.The pHmay
have a determinir z role in organogeresis

10. Ploidy level
Varíation In chror osome'number i.e. aneuploidy, polyploidy etc of plant cell Inculturè has bèen wel
documented. Wit" the increase in'chromosome instability there ls a general decllne lan orphogenetic
potentiality of cai is tissue. So the most important factor in maintalning organogenic po ential of callus

':culture is the m tenance of chromosome stabllity. Frequency of subculture can alfect thie chromosome
stability of cell urure. So in order to malntaln chroniosome stability, cultures dre subc.ltured freqvently
&regularly

11 Age of culture
A young culture requently produce's organs, but the organogenic potential may decrease& ultimately
disappears in old culture. In certain cultures of some plants, the plant regeneratlon capacity may relain
indefinitely for maný years

*************** ****



Ans

1 Stage 0
2) Stagel

3 Stage ll

4) Stage ll
S) Stage IV

1. Stage 0
This is a initial step ofmicropropag

-monthrunder-taresiuly-meaitorad
elther with irlgatizn tubes or by caY sand beds or m:
measures to be aaspted for reduction f surface &systemic

2 Stagel

Murashige.(1974) selined thls stage as

Involved arc prepzaion of the Explar

Ialthtedftom expents ofseveralorsbut shoot ,
micropropagatlon Procedure tosuí. sterilizetiëkji.t..
deflied for each szecies may be devised. It may also be advisadle to cont.
Explant tissues la case such eforts at StageC

least four passages of the subeulture.

.
which stockplant: ed for culture initiation are nr at least for 3

ion-Stockplants2 tawnat arelativelylowhuanicilg zd watered
s stock plant preconditiering stage also inctudes

oblal contamination

ablishment of aseptic cultures.The main steps
lishment ona suitable cuture medium. Culturesare

uillary buds are mostofte Jsd for commafelal

rowt in the culturémdins
blal ccntaminatlpnkithi
nonth: to 2vsadpbtres

lation
Owed by i

ioi su:hl, Star *

3. Stage l
a. This stage tokes up the bulk of

maxinur prollferatlon of reg vtytke nhëciümthst stlm.iates

ifo aicropropagatlon include

ropagatlon a*

shoots. V

b. Multlplication throughthe growth and proliferatlor

aplcal andaxillary shoots of the parer unt.
meriste aycised,iro

. Inductor. arid multlpllcatlon of advenlitiousmeristems through a pacess of Organogenesis or somatic
embryosenesis directly on explants, MNMultlplication of .ali derived from organs, tissues, cellsorprátoplastyghdthelrsubseq. ent expression of either

organogeness oFomatic embryogeneslsInserialayhgultures.Shodlspltaned from the se calli can
befurther

multiplled follwnng precedures (a) and(b.
A passage or harvest cycle generallyrequlfes4yenks. Shoots are harvested from the mltiplyung culture to either
be sold as a Stage ll product of carried ontostuzal.Genekyllystage ll last to 10-36 mor-ths with large number of
subcultures of sir lar age

4: Stagell
Shocts proliferatd during StageIhretrandefedtoa footlngmedlumstorage). Somemes stootsare directly

e5tabšhed tnthe soil as migfocutidzsto deyelop.roots.SIpcesuch a possibilty depenes on the partlcular spedlei
and at present a rge noófspaclgs, cargotbe hundled in thls manñer, the shoots ar genérally rooted Inwitro.
When the shots 3r plánílets afeareraréd orscl,It may be necessary to evaluate urval factors such as ()
dividing theshoes andtootingindividuall) hardening the shoots to increase thele reistance to moisture stress
and diseasesny endering the plants gopdble of autotrophle development incontrastEth;héterotrophiestate,.InducedhypdAe dqd (iv) fulfilling requirertent of breaklng dormancy especially of buth crops. Stage Il requlred
16 wee

*.

5/StageV
Steplaksyheastrezuccessiultransferoftheplantetsofstagellfromtheasepticervironmsntofthebboatoryto the environment of green house comprise stageV.UnrootedstagelIshoots are also aclimatied insulyábleciompost mixture or sol in pots under controlled conditions oflight, temperature, fHumidily inside the*



green house. In such cas25stage lil is

maintenance of dense fine-particle io
plants can be established in the artilici:
takes4-16 weeks for the finished pre.i

ning bottoil heai aids topotwithplantlets:i
. nin the green house enlhance the rooting proe '

lete.dia such as soilless mixes, Rockwood plug:. ."SpongesS.eady for sale or shipnent.

2NSTAANTCgELAHKSTDTUEÝL
Ans

1. ldentificatlon of useful Genes
The desirzbte genes may be located in vild species, unrelated plant species, unrelatd, crganisms i. e.micro-organisnt{hacteria, virusasungilandanisnals.-ThsueFkiStFtied-outytrthe-rescarch-
laboratory

**** " ***** ** *********

.

2. Designing Genefor,hisertion
hegene cfinterèstis isoluicd iisin ine doñi sourer and clcr ed in the labòratory. The cloning is done.generally uslng plasmlds.

3 Injertion of GenelatoTarget Plant
Thecloncdgenel&emultiplecopies of the gene of inlerest art inserted into the kost plant or the rècipler t
plant. Twomethods,viz. Agtobacteium mediated and gene g-n or particle bombardment methods areused for gene trasfer.This is done in the research laboratory {Protoplast culture for plasmid rnethodan dmeristematic üysue orembryogeie tallus are UsedTor genen method.

4. tdentification of-Transgenic Cells
Transformed cellareldentifled using selectable marker (Kane nycdn) andareregeneratedInto wholeplapt in nutrient medlum, The regenerated plant is compared with parent variety. It should looklkeparentvarlety except gene of Interest. Thls work is done in thr laboratory and glass house.

5. Small scale Field trials
The transgenic plantare evaluated for their performance in small scale fleld trials, The sced of thetransgenicplants such ascotton, soybean, rapeseed, etc. is tested in Iaboratory forblasafety l.e.allergenicity and toxicity:Thesetests are conducted vith anlir ls such asrats rabbits, poultry,gootsetc.

6. Larger Fleld Trials

Transgenlc plants which are passed-by regulatoryauthoritý arr cvaluated In inultiüocation trials for thieirperformance for the gene ofinterest. Superior perlorminggepotyYpes are released aftertesting and stableperfotmance for three years

EKolaihiñdétailthe diferehtimëthoOneletelTA

1. The filter paper raft nurse technique
2. Thepetridish platíng technique
3

**************************
********************************* ****************

The micro-chamber.technique

4 Thenurse callus technique
5. The'mlcrodroplet technlque

1. The liltespaper ralt nurse technique
Single cell are isolsted fromsuspensionculture or a friable
calluswith the help of a micropipette

i,. Stérle 8X3 mm sq offiter paper are placed aseptically on
the.surfaceof actively growing callus tissue
The frilter paper gets wetted by soaking water & nutrients

**ii.



from thecallus tissue

The isolated single cell is placed aseptically on the wet

filter puper raft.

Whole system is incubated under 16hrs col light, 3000

LUX, 25 CV.

vl. Single cells divides & redivides& ultimately form a smal

cell colany. When cell colony reaches to a suitable size , it is

transierred to another fresh medium

The callus tissue on which the single cell ls growing Is calledthe nurse tissue

2The petrldishplating technlque

his technique was developed by Bergmann 7 1s most popular of plating of single cells

iA suspension of purely single cell is prepared aseptlcly from the stock cell suspension culture

The solid medlum(16%Difco Agaradded)Is meltec in water bath

In laminar alr low tlght lld offalconplasticpetridish .s opened. With

thehelp olpipëlleTSmilöf'singlekell suspensionrisautun melted*--

agar medlum, when i ls cooled down at 35'C, It Is added in the single.

cell suspenslon

v. The lid is qulckly replacad & whole dlsh is swifed gerdy to disappear

the cell&medummixture-unlfomly.A thin laver.afmm shouldhe_

formed at the bottom qf perldishþy eyentually dlst-bing the

medlum.& cell suspenslon culture

The medlums allowed to sólldify& prtidishIs kept nver:ed positlon

The culture is lncubaid at 16 hes light period 3000 Lx at 25C
vilL When the cells start to dlvide, a grid is drawn on the under surfac

of petrldish to faclitate the countng of the no of divding selly
The dlviding cells ultimately form pln head shapecplonlesyfíitfin21
days ofIncubatlon

. The plating efidency cenbe calculated from thecouningatgelidlpniesby the formula

PE Mumberofcolonles perplhte.X 100 SV
Number oftotalcells perplate

Pln head colonles when they reach of sultable sihetbey ape raasfer to the freshimeglum forsurther,

gIovth

.'

3. The micro-chambër technlque

A drop of liquld hutrfentmodumeoplepg slngle calis
Isolated aseptlcalyfroístoçk 5pepsion culture wrh the

help of long ine Pasies plpeke
li. The culturedopkplacedbq theceqterofayterleFiro F

scopic slide 175Í5mms andhaad with sterle parafin oil

il. A drop of pardfin öiyeplacgd on sitherslde of thet .ture
eop anda cover gasfcatedsasei| s placed on eax1 oil

dap.

:

.
********

K

iv hrd coer glass Is thei placed enthe culture drop

brideinathe byo ralser cover gJases and forming a micro-

hamar taedclose the slngle cel aseptically within the

Ppalini The oil prevents the Water loss from the zulture

foo duf permlt gaveous exchange

Phe whole miro-chamber slide is placed In à petridish and is

bated ynder 16 hrs white cool ilumination 3000 lux at 25 C



vi Cell colony derived froim single ti t, ', ""2 10 single ce!lcloneWhen the Cell colony becone: atge the coverglassis removed andtiru er 2d u

i.
fresh solid or semisolid mediun

4. Tke nurse callus technique
Thismethodsactually a modilication Of pEi..i i jiäiing method & paper raft nurse culture method

In this method,single cell are plated on to a agar medium in a petri dish. Two to three callus masses
derived'from the same plant tissua sie aisoembeddeddirectly along with the single cell in the same
mediump

i.. Here the paper barrner between sirge call & the nurse tissueisremoved TiCellsirst began todlvide in the regens near the nurse callusindicatedthatthesingle cells closertonuerse
Callus in the solid medium gets the esential grovth factor that arelideratedfrom thecaliusma .

iv.hedevelóping.colónies
growingnita: to rolsecällüsasostlimulatesthe division & colony formation ofF

the other tells.

-Lid
* .

. SmollQule t
dislitled woltr

lore chômber

5.iThemicrodroplet technlque.
In.this methodsinglecells are cultur-d in a special cunrak dishes which have two chamber-a outer smalleerchmber& a large inner chamber.

. The large inner chambercarlesnumerousnumberedwellseach with a capacity of 0.25-25 ul of nutrientmedium

Each well of Inner chamber is filled with a micro droplet of liquld medium conlaining Isolated slngle celThe outer chamberjs flled with sterne distilled water to malntaln the humldity inside the dishIl.Aftercoverihg thdishwith lid, the nsh is sealedwith parailin

The dish isincubated under 16 hrswrite cool light 3000 LUX at 25°c
The cell colany derived from the sing c cel is Iransferred on to a fresh seml-solid medium in culture lubeforfurtliergrowth

.

ur'sa
collus

***********

Oevcloping
***

****************
*********************************************** *** ****************

Esite horthotëon.
ANGeneclonliE090)

Gene cloning»refersto the pröess of isolating a gene from one organism & then Insertlng It Into another

Drganism resulting Into the formation of GMO. It both the development of recomblnant DNA's as well as thir

cloning in suitable host. Gneláning ls the basic štrategy that must be used to obtaln the first ever preparationo

l the genes. Gene cloning produces large no. of copies of the gene/ DNA being cloned.



Steps In gene cloning

1. Selection of suitable vectnr

2. Generating DHA fragmai

3. Insertion of target D:Ai t
4. Introduetion of recombinant UtA into host cell

S. Screening & selection of transformed cell

Analysis of clone

7. Expression of inserted fure ene
6.

BAthiergultoré(0910)1412)
Anther culture is the teck.-ique By whlch the developing anthers of precise 2nd citical stage art 2xcise d

aseptically fróm unopened flower bud and are cultured on a nutrlent medium where the mlcrosores

within'the cutured anthe developIntocallus tissue that glve rlse to haploid plan:{eteither throh.
organogenesis or embrosenesis.
Procedure/Piotocol for ather aulture

1 Collect unopenesflower bud

2.. Transfer to lamirar air flow

3. Surface sterillze -ith 70% ethanol(10 sec)

4. Remove 5 anthes with scalpel

5. Transfer to anotrar peridish contalnlng Agarmedlum
ncubatstrdark=4weeks@24-28 efort4hs

* ***** ************

---

7 50mntallplant2s free from agar by gentle washingw
B. Transfer to smal autoclave pots

9. Flhally shift to pi.y house or green house

CHEMarkerASsisted sëitection{MÄSIO9E0)

Marker assisted selectior refers to indirect selectíonnadesrédplant phenotype bašed on the patter n
of Inked molecular (DNA markers. It Is alsoknowprásigarker atled selectlon. Marker asslsted selectior is

based on the concept tha: it 1s possible to Infer54pésenceotygene from the presence of.amrker tat
is tlghtly rink to the gene. A tight linkage.betveér rmatker and.gene of interest and hlgh heritab ty of the

gene of Interest are prerejuisite for marker asslšted'seléetion?

Merits
.1. It pemits early sereèain trangthat re ekpressed late lpnthe:life of plant.

2. It permits screer».ng ofzfats thataheextremély difficult, expeñsive or time consuming o score

phenotypically.
3. It helps in distinpsiskisgthe hdmo?ygous verses heterozygous condition of many logi-a single

genéralion wjthoat th&eeesofkrogeny testlig because dfmolecular merkrs are co-comina ni

4. The accurd o makerasslsted seleatlon (MAS) Is very hlgh, moleciular marker ls not fected by

the enyraamen* 1/condition.

Vpemetis
1. trpaelhes spphitipoy ahd well equlpped laboratory

2. tisveryeypémski /
it requirésw!l ranedíanpower,

'************ ****as* *totheengpden-eega svaeeeesenos apee.* g *************** ***

DMappingpopulätiön(10-11N2212)

hplant breeding and genetics varlous types of plant material which are Used fof gene mappng or

Eie tagging or for constructlon of genetle linkage maps are.known as mapping populatlons

he most commonly used populations for gene mapplng include- recombinant lgbred lines, near

gEIC lines, F2 population,Backcrosspopulation, bulk segregant analysis,& double haptoid,



Types of nappigg popuetion

1.
Recombinant Inbreci i

or inbred lines are fe

2. Near lsogenic line:
3. F2 Population: the

as F2 P.

rto crossing of Fl with either of its parants
4 Back Cross Population

*BulkSegregantAnalysis.- iis technique compares bu:ks of DNA Of Inividuais h.ving the

Sarme genotype

6: Double Haplold: these are individuals or plants which are produced from haploids

through chromosome doubling.

Southerr sloting'is a methad whicn is ušed todeeitpresente ofspeciñcDNA :wquetu.

This met-odis named fter Its inveritor, the Brltlsh blolog!st Edwln Southern.
Steps in southrn Blottlng

I:: solatlon & purification of DNA

.Cutting of DNA Into Fragments
3.Separation of Fragments by size. Denaturing of DNA

Transfer intomenbLane..
Advantages

1. ne technlque ls very simple

2. Fhasveryhigh degree of accuracy
8. can detectsingle gene from the entire genome
4. an analyse DNA from specific DN clones
5. can use CQNA genomlcsequeñce,pCR products.
6. It can us both DNA & RNA probes

Disadvantages
* .1. 'Jtistime consuming method

2. is an expensive method

The restriction enzymes are also called as molecularsclssors

Thesa act asfo undationof recombinant DNA technology

These enzyme:.are present In bacteria & provide a type of defense mechanism

t was discover=d when that phiage A intects E. coll

Bacterium protects itsell through
1. Rastriction Mechanism

2 3dificatión System"

A reçombinant NA molecule is a produce ofjoinlng together two or DNA segments 1sually originate
from different"rganisms

'

.

Test tube fertiliuation: Transfer of the pollefrerianther tò stigma of ovaries cdltured invitro is called as
in vitro pollinaton or test tube fertilization or invitro fertifizatlon

Procedure oftest tube fertilization or in vitro pollination:-



1. Flower buds vh:ch to be used as female parent and are ermascul t! before antl9is and bagged In order to

prevent undesired pollination

2. The buds are brougii in laboratory for pollination & the ovarie ne are steiled by 70% alcohol and wash

with distilled water.

3. Thus oveties collected from emasculated flowers 1-2 days afte

Wetting of ovules and stigma should be avoided for the better

Collect polen from the anther In the aseptic condition and kept

ilter paper until their dehlscence.

5. The polen is en aseptically deposited on the cultured ovules or

experiment

thesis are cuitured to éxpose placenta.

en tube germination,

terile petriplates containing a presterilzed

depending on the nature of

ERELPE

It eler to variations found within a specle ngth of DNA fragneris generated byspedjfic

erdonuclease.

F-LPs are useful as molecular markers

kLPS Sie ihe first typeofDNATarkersd lo distlh

Advantages

1. Itis simple & cheaper techniqua of DN

2. It does not requlre speclalInstrumenta

Majority of RFLPmarkers areco-domln: hlgh loctu

4. RFLP are poweriul toolsfor omparativ

5. Numercus sample can be slmultanegusly screèned

Disadvantage

1. Developing sets of RF" probes& markers Is labour into

2. Tnis techrique requires hlgh quality of DNA,.

3. The multiplex ratlo Is low

4. RFLP finger prlnts for multlgene familles are oftef complétáe dlficultr9score

5. Tne genatyping throughout Is low.

divitals atthe DA1a

uencing

ynteny maP

Cryopreservattön 13:14)/

The princiole underlying thls technlque baslcallyJvolvesbinghigalant cells anc tissue culture to à non-dyldlng of.

ero metabollsm stage subjectingthe tosupérlow temperatTfe In the presen e ofcryoprotectánts

In this technique the plant material is fozëizod tolntaned at the temperature of liquid nltrogen.whlch i araund

196 C: Frllowing are thedifferent techiqbes

1. Sovw Ireezing rnethod

2. Papid freeting method

3. Stepwise freezlng mehoa
4. Cry- freezing methos

S. ld -storage. vx.
6, w p/essuréant{oyóxygen storyge

S9nheNGkeed[11-12]113-14)

synlhekeedsz are the livlng seeds lhike sructures which are made experimer :ally byjà techniqúe where somatic

embayoids arederned from PTC are encapsulatedby hydrogel & such encapsualetd ermbryolds behave like a true

eedsgron ngolr& can be used asa suDstlute for fatural seeds

Seveal tepsdxe followed for making artlicial seeds as follows:

sabfíshment ofcalusculture

Anducdon ofsómatcembryogenesis In callus culture

maturatlon ofsomatiembryos



4. Encapsulation ofsomatic en:
After encapsulation, the oi. i seuds are tested by

1. Test for, embryoid to plant c

2. Green-house and field plantin

1. Mechanical Method
In thls method by Klercker (1892), first the (issue is plasniolysed which Increassthe gap between plasmalenmaand the cell wall; at the same time împroving the chances of getting a Hlgher yleld of protoplasts. This methc d isbased on cutngof the plasmolysedtissue byarazorblade orsharp edgedknife. However:thismethod hasnlytheoredtattinporrance rathertnan practical one. Ihus, abette approach having practical importance has

emerged In theform of an enzymatic method.

2, EnrymaticMethod
The ldea of emyinatlc solatíon of protoplasts was conceived br Cocking in 1960. It basicallyImplies the'usefcellwall dégrading ènyrne like pectinase and cellulase for lsolatio; of viablëprotoplasts:Thismethod can be ap>pliedIn lVO ways:

a)Seguentlally:Initialy;macerated plant tissue is treated witt pectinas to dlssolve mlddle lameila, follovwe dbyIreatment with'tellulase todlssolve the cell wall in order to isoiate protoplast.

.b] SImultaneously:_

Both the enrymes (pectlnase and cellulase) are employed In a ingle step to lsolate protoplasts in the samem ediacomposjtion Now-a-days, thls method is extensively used beca-se lt is time saving as well asit decereases thechances of contaminatlon by micra-organisms.
The enzymes enplóyed forIsolation'of protbplasts are extracte: frorm wood-eating fungl. These fungí growOnroots and secetean enzyme "cellulase" and also contain lipase pèctinase, pepslnase, etc

**

Eamotanke 2limitatioiöfärtificlälšeda
lmportance /uses ofartificlal seeds

1 Artiflclal seeds can be produced withinamonth
2. Productlon oftrue seeds in not season bounded
3. Reduce the life cycle of plants
4. A.S can be produced in any desired rop
S They can be used for sole as well as mixed croppiug
6. It gives pratection to meiotically unstable elite genotyp+s
7. A.S coatihg used for delivering beneficial adjuvants like ahizobacteria, plant nutrients
8. A.S. helptostudy the role of endosperm & seed coat formaion

Limitaon of artificialseeds

1. Largescale production ls costly
2. Poor germinatlon.of.artificialseeds
3. Chances of occurrence of somaclonal variation
4. Specjat skills àre requirèd to handle

***|****************************************************************************************************

MEApplicatfon7Advantagesoantherorpolen cultüre
1. Developmentof homozygous lIne: The chrornosome number of haplold plants 1s doubled by using

colchicines, the plants such obtain are called as doublehaplolds(DH).They are completely homorygo&s
and produced in two years where as by conventional breeding method It takes 6 years, Thus DH lines 5ave
A vears for ohtainine hnmnryeous inns



2. Hybrld Sorting: The het

homozygouscombination.

uscd as a parent in hybrid:

combinations prescntn the hybrl0S .J

i YgCuS Strain may be released as a new V :i :ilorms well or

E"mme.

ardselection

3. Induction of mutation: i

of mutants with desiretd i:

de aconvenfent systen for the indaci.c

han diploid cells

4 Analytic breeding: Extraction of he dihaploid frcm the tetraploid species and then ciromosome

doubling ofselecteddihaploidinesto obtaintetraploidvarietiesis called as anaitic treeding.

5. Use in genetransfer:-pollen embryos are hlghly regenerative therefore they can be used for gene,

transfer by Agrobacterium or by a technique lii partide gun method.

Production ofexclusively male plarnts- by the prscessof androgenesis it is possible io produce

androgenic haploids followed by chromosomeoaubling to obtain exclusively male plants

7. Used In evolutionary male plants: used for the :omparison of dihaplolds with diploid wildplaqt spécias.

8. The steps of androgenesis can be observed stareig from a singl cell

M

DDICaionsiDNAgEr iintinglE

K
-.

1. In medlcal science
Diagnosls of genetlc disorders

Developing cure for genetic dsorders

ldentificatlon of paternity & matérnity

Confirming legal nationality

ldentificatlon of exchanged child

vi. ldentlicatlon,of bodies of soldiers killed Iidwar

Iv.

.

2. forensic sclence

DNA testing is very effecive in detecting crimipgfasésjuçh ds murder, rape, robbery, assaul

kidnapping, car accldents, extortion & blackma

3. Genetics&plantbreeding
I. In gene mapping

i. . Harkers assited selechn
lil Identificatlon of trzrsgenes

iv. Protectionoflegalajghd

***************

0240efihe thetoloving

BlotechnologyBiotecháologyAthdpontrolled uss ofbiologlcal agents.such.asmicivarganlsmsorcellular

Somponeasofcells(orwelfareorbdman being

Aplapt:-gaYplantmaterialvehith 5uedtointi:athetissue culture is called. Explant

tenstoxmadton:The processby which aparofforeienDNAintegrate in the Cheomosome of recipient cell.

a pxoceseoftcombination is called transformaton
ne Chrompsome of recipient cel.

Sothembloting- is a method which s used to detect presence of specific DNA sequente
Plasmlds:yrcular DNA other than bacterial chromosome capable of independent replicàtion& transmisslon

ed plasmid

hocipotency- genetic potential of a plantcelto produce the entire plant is called as totipotency
Morphogenesis. formation of multiple shootfromExplantinvitroiscalled Marphogenesis

********** ****** -. .*********

89



8. Vector:. vectors arè thecarrier of forei9. Callus: unorganizedmassofprolifera:
.i: called ascallus10. Qúantittivetraittoci-genesgoverning niative treits are called as Quantitative trait loci.JSynthetic sced: -are thelivingseedsle res.whlghare made exnedmeatallyby a technique ».ho

somatic enmbryuids are derivecl trom PTC * :apsulated by a hydrogel & such encapsulated e:mbiyoids
behavelikea true séeds if growninsoil &:an is: used as a substitute for natural secds

12. Organ culture: Culture ofisolatedplit.. , suchas root tips, shoot tips,lealprimordial,imn:iueparts
of flower etc.

13. Ovuleculture: culture In which ovule are aseptically detachedfrom theovary &are growin on chermically
defined nutriénf indercontroled condition

14, Batch culture:-cultured which are maintained continuouslybypropagatlnga'smallliqugtofinorulun iatb.
TTOyiriglqutd medium&rtFansierrrgtintotresh mediumat regularIntervals5. Asymmetrichybride.

16. DNAprobes:- are very short pieces of DNA used to find speclfic sequence of letters in avery long pieces-DNAfromachromosome
17. Double haplojds. 1

18. Ditferentiatlon:- proçess of biochenical& structural changes by'which theunorganlzëd'calus becomespecialized in form & functlon
19. Dedifferentiaton:The resunptior sf meristematic activlty by more or less mature cells thirough a reversai ofthe processdl ell of tissue dilferertiation
20. Cybrid-itisacell çontainingnuçless lrom one species but cytoplasm front both the species involved infuslon:
21. Subculture: transfer of Explant/lalus from old niedium to new mediüm
22. Sömaclonal variation:- it is the gerstic vasiability which is generatedduringtissue culture
23. Oyganoids;- in'soime tissue culture an error occur in development programming or organogenesis & ananbmalous structüreis formed called as Organcids
24. Axptic it means free from all mic 3 organisms
25. hitros culturing Explant under ase ptic condition literaly In glas, medium
26, Cohtinuous culture:A suspension culture continuously suppliled with nutrlents by continuous flow of fresn

medium. The volume of culture mecium is normaly constant
271: Passpgetime:The time interval between two successive sub culturés

28. Meristem:A group of actively divid ng cells from which permanent tissyle systems such as root, shoot, lea.
flower etc are derived

29. Agipifecation;Creation of many ces nes of a segment of DNA byPcR /Duplication of jenes within a
chonosoma segment.

30. 1eterokaryon:Acellin which two cmore nuclei of unlie genctic imekeup are prescent

31. Homokaryon: A cell with twoor me e nuclei of similar genetic make up

32. Synkaryon: Hybrld ell produced by 'uslon of nuclei In Heterokáryor

33. Hetroplast: Cellcontaining foreign rganelles

34. Plant tiosue cuftare:-is the ašeptic method of growing cels nd orgánssuchas meristemis, leaves, roots et.
either in solid of licuid mediumund-r controlledcondition

35: Plántblotechnology:is a branch of siotechnology which deals withallsuehactivities that imat either

improwing,genetik.makeug.pheroyieperforhanceor hiültlplication räte
****************

of economic plants or plant cell
36. Mteropropagatlon: Clonal propagar on through tissue culture is called micropropagatlon

37. Transgenic Phnt:- A plantinwhich gene has been transferred through geietic enginering is called
trahsgenic pant

38. Somatic Embryogenesis:- the proce: by which the somatic cell ortissue develop into dillerentiated embn s
and each fuly developed embryo is :apeble of developing into a plantlet.

39. Anther cujture- culturing anthersot precise & critical stage whichlsto be isolated from unopened flower
buds & cultured on artificial nutrien: medium

40. media:î is a substrate used for plart growth such as soil, sand, agar-agar
41. somatic hybridizatlon:* production cf hybrid plants through the fusfón of tiwo diferent plant spp is called as

somatic hybridization

ch are used totransífer the recombinant DtA

************** ** *



chromo

4Z. Molecular Markers:- A molecular marker may be defined as a DNA seque ice used tt.
mapping as it can be located at 3 specific site In a cheomosome

43. Organogenesis:- the development oladventitious organs orprimordialf

tissue culture by the process of differentiation s
called organogenesis.

4. Caulogensis:- development of adventitious sthaot buds in callus.

5. Rhizogenesis development of adventitious roots in callus.

46. Suspension culture:- it is a type of culture In which single cell or is of aggregatès of cell multipleswhile

suspended lo agitated lquld medium.

47. Single cell culture:- it is a method of growing isolated slngle ell aseptically on a nutrientmediym urder

conttolled condition.

nifferentiated cell mass in.

"4S7Embryoids- these-are-smal-welkorgBARSdsteucture.comparahletaseiualembrva.which Isproduced In:

tissue culture.

49. Marker assisted selectlon reters to Indirect selection forà desired plant phenotype basedon the pEtern of

-inkad maleulhr (0LA) markars-
50. Mapplng population:- In plar: breeding and genetlcs various types of plant material which are used ygéne

mapping or gene tagging or r construction of genetle lIinkae maps are known as mapping popujen
31. Sauthernblottlng: is a method which is used to detect presence of specific DNA sequence

$2. Noithern blottlhg technlque is a method whlch Is used to determlne the presence of aspeçi mNATrom

a mixture of RNA.

S3. Western blotting techniqye is a method witich is used to detect the presence of a spgdikepdotef issarple
by uslng antibody specific to that protein.

54. Testtube fertilizations-Trarrerofihepollentromantne TU3tgmaofovarjesytturetimitrd caiedsin.
vitro pollinatlon or test tube tertlization or Invitro fertiliatlon. .

55. Synthetie šeds/ Artiflclal seeds are the Ihing seeds like structures whieharemadkexpenmehtaky by a

technique where somaticer oryoidsare derived from PTCareencapsulztedbxahydrogel & such.

-.

. V

emtryoids berave like a true seeds if grown hsoll &canlbeuSed aa sybsttute for rafural .
seeds V

56. Clonal propagation: mutipl.cation of geneticallyldéntea coplsof aeuliórby asexualreproductan is
called CP

57. Cybridisatign- the process cdprotoplastfuclonresultinghthe development ofCybrlds ;
S8. Gene clonlng:- refers to the orocess of isolating agegeHan prie ofbyikm & then insertng lt Intoanother

.

organism resuktlng into the ormation fGMO.53. DNA finger printing:* Is än a 1alyais ofnitrogen base shuenseinyebNA of an Indivldual

R
25:contribution dffollowingseienlistarkeanowdatëln'exäi

1. Xary mulls:* Devloped solymskechal regEtiontechniquein1985
2 AlexanderFlemming:-producedtheyntblouepenlcllin.

moral developed shartig / NeIBJATCUIture technlque first time to-obtaln virus free plars
4. S.Laibach: used embre clturateckhiqve to rajse viableplantsfrom unsuccessful crosses

iL Dergmann 8rei Rest shaglecell,frstuslng Petridlsh platingtechnlquee

EM. SoutherEtDNADHAhybridliratlontechnlaue

Alec Jaffreynscovered theDNAlngerprintlngtechnique
&.Hargoblnd Khoranz-tedokelópetprocedure for artRclal gene DNA synthesis
GuhaQMaheswár-ottanedháploidla) Dhaturg plantsbyculturlnganther & pollens

Ppt, Staqford:-discoveredSolisticgenetransfetmethgd

.

.múrashigez skoog: dcoveredMSmedium for tissue culture mivopuBrownnvityo culture of crown gall thisve

karl Eeky The term BiotechnologY was coined by karl Ereky

14LAWaite: he maintaia long term culture of tomato roots
1Fdwatd Cocking" worked onenzymaucsolatlon & cuture of protoplast

6./w.H.Muir: inoculate the callus through callus technique
17 G Hahedandmade 1"ttomnt t



1. Thermoliable cdmpounds arè sterilized by filter sterilization. Why?
Ans Thermotable compounds are sterilized by filter sterilization because the;yunstableat high
teinperature

2. Wny inus free plants are produced from'shoot tip cultureAnsvirusfreeplantsare produced from shoot tip culture because of fast mitolic actvlty of
neristematictissue present in shoot tip3. Sub-culturing lgessential for in vtro culture. Give reasonsAns:-Sub-cultufing

ls essential for in vitro culture to ensure undlsturbed supply of nitrdents to grovwngculture
4. What is a shuttle vector?
-f+hevector-designed+torepticattrcellsut

tvwdifferentspectestscalzdasverrarshuteS: Why RAPD marker Is not reproducible & conslstentAns- RAPD marker is nat reproducble & consistent beècause it is moresen#tive to experimental

*

Toiiions---
6: Mansol s used for lsolation ofcels. Why?

Ans-Manitcl Isused.for Isolatión of cells because manitol sugar provide enetgy to cell & malntanosmticpressure
7. Ph o tissue cülture medium is adjusted to 5.8 before autoclavingAns: Ph of tissue cultyre medium is adjusted to5.8 before autoclaving as it help in better nutrietuptae, the sàlts remaln In dissolved condition

8 Whz is dijarming of Tl-plasmld ?
Anss the deletlon of gnes governlng auxin & cytokinin production from T/DNA of Ti-pläsmldIsKndvwr nasdisamaing ofTl-plásmld

Why'suspension cultures are constantly shaken.
Ans: suspenslon cultures are constanty shaken to keep cèlls in suspensión & to.make the citurehom-genous

10 Browning ol Explant occurs during mlcroprogatlon. Why?
Ans Browning of Explant occurs during micropiogation because of oxidatien ofphenollecompounds

1 The rrocess of organogenesis sesuting In the formation of shoot is known a: Caulogeisis.
2. Friabre callus is sultable for suspension cu'ture
3. Theating culture for culturlng cels or protoplasts is developed by Bergmann
4. Com18eraalexploited technique oftissueculture is Micropropogotion
S. Disesse íee or virus free plants are oblained by shoot tip culture
6. Embros isolated before Globular stage are most suitable for embryo culture
7. Soma:ic hybruds plants which retain the full or nearly ful somaticcomplementsof the two parental

specisare called Cybrids

8 Primër i533hört seqüënce that pairswjth one strand of DNA & providas free 3* off end at whlch DNA

polyr etase starts synthesis ofa deoxyribonucleotlde chain.
9. Leaf Mas9phyls are commonly used as Explants for the protoplast culture

********************** emsess asa*es*s************

******

Q285GivERhoOI ormslongnhEadduanesoffallovwngResearcicentrakanirationforBiötechiófog

- Indiah Agricultural Research Institute, New Delh
--Jawahartal Nehru Unlversity, Ne Delhl
-- Indian Veterinary.Research Institute,lzatnaga

: 4. CF1R Central Food Technology Research Institute, Mysore
S. NDRI National Dairy ResearchInstitute Karnal-Haryana
6. MRC. .-. Malaria Research Center-New Delhi
7. RRL -Regional Research Laboratory-Janmu
8. CORI Central DrugResearch Institute- Lucknow

1. TARI.
2. JNU -
3. 1VRl: ---

9. CIMAP:- CentralInstitute of Medicine and Aromatic plants- Lucknow and Hyderabad



i ndian Institute ofTechnology -np,wDelni

S ndian Institute ofsciences-BJi, r

12. 1tTECH. nstitute of Microblal
Technologyhg3r

iiCelhi
12 I/N * Natlonal Institute ofImmunol0gi

--National Chemical Laboratory - fi*

-Center for Cellular and Molecular 9iclc;
-Hyderabid

*- Center for DNA Finger Printing an: i stics- Hyderbad

--Center for Plant Molecuiar Biology-7 centers

-BabaAtomicResearch Center-Mumbai

15. CCMB:

i. Cf0.
i. CrMd:.
13. BARC:.

19. .UNEP- Unlted NationsEnvironment Programme

ateratiena4CellReseareh0rganization-

Internatlonal Institute of
Biotechnology-Canterbu-y Kent in UK0CRO

21. I8:-- ****

~********** ****************

Kaonsdtolommgaboteflai,
-Poly Acrylamlde Gel Elestrophoresis

2. RFLP:Restriction Fragment length polymorphism

3. RAPD:- -Randomly Ampliffed polymorphic DNA

4. cONA-Complementary DNA

mt ONA: -Mitochondrlal DNA

-Polymerase ChalnReactdon

1. PAGE:

5.

6. PCR

Hgrowth hormonePerfgrmance Liquid Chromatog aph

Poly Ethylene Glycol

--Higrowth Hormone Fructose Corn Syrup
10. HEPA -Hlgrowth Hormone Efciency Particulate Air

- Genetically Modifed Organisms

-Marker Assisted Alded Selecton
13. EUSA: EnzymLinkedImnuno Sorbent ASsay

Naphthafene Acetic Acld

Indole-3-Acetic acld

-Indole-3-Butysic acid

--Bcnzyl Amino Purihe

-Benzyl Adenine
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