I develOPing Countr.ies the i important challen
“nd fueLfor the continously increasing Population

Bes are tg

o o e f‘[Om in( 1_ i
r elast e uod,
gbf-;lr , offers excellent opportunities of mass propagation of of.. - land arez. P,

Produce syfj

WCent food
. ) o 1 hsspe
L iw_te/nfl_has been the foundation for tissue cultyre techniglamtsl”m s e

1 . . ues| Tiscue

1= <hereby gtmalllp.leces qf living tissue (explants) are isolated from plan - d

] L;;ptically for ’m_g_g—f_l_m_t_e__penods on a semi-defined or defined nuiriens -:1: :n; s
q B - . LU Diplants

{ e from large seedlings and organs (as in ovule and embryo culture) to smal sngle ce

. mdoprotoplasts‘ In short, tissue culture is in vitro cultivation of plant cell or tissue un
1 gt and controlled environmental conditions in 2 defined nutrient megium for the

1 pmduction of primary and secondary metabolites or to regenerate the plant )

HISTORY OF PLANT TISSUE CULTURE

about 100 vears old but its importance have been
1 di ; alsp. The prindples o
1ds including pharmacy also. 1n€ PrE=rs

Pa— )

iGea of
culture is the pre
£ pr

2 1Inter

4  The fechnique of plant tissue M@e isfi
§ ised in the last two decades in various uew =
plant tissue culture can be traced in the cell theory _p@go
4 18 They proposed that each living cell of an organ==
- ment is capable of independent develop

4 In 190
potency predi bv Haberblandt. 19 =
cy predicted by le palisade cells from leave

A Spqnn

sed bv Schleiden and Schwrans 1

§ ture of isolated sing : > one month as :
s s remained 2% uptrgte totiPotenCY led 1 ras made bl
- hiled to divide. Efforts to demons ions. ThiS W2 IV by others ;
defined c© vhite in US- . o4 He
and P \ .4 out bY Hanning * 1omdra, K
was Cam s x"ﬂ":"sﬁL Rz:.';"ﬂ“'“‘-, it ared ¢
h -Cl'Ud . (C{;{h?u ul. i lﬁ.‘pe;:i’ﬁn: the
am o 1S Y e inTeR e pab-
: 4 t‘ur]l}' T su&?:" ;\i o .\
I R N them up 0 mgi;ﬂﬂ" achuet thus h -u&\\\:‘fﬁ o ‘J:,,.‘
WR. CaudatuS) and grE‘ e In 1906’ m-eﬂts aﬂd ’p&:anoﬂ‘ }“.“\.,_ré‘t‘i} of
n using an in VIO techniqt™ " om S25 JJco micTF T Ty using # - nds
: and to Sodn gfe“' it fﬂrd \-;mf“f‘ e ‘ “ 4
fpe? ?011 glucose ~
u
s SO )
- % P
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. W : e m addition of auxin, it enhanced the prolif,
+ proliferation of callus was ceased but on addition of & ’ prolife

. : - 2 A » ite’ F
»tinic acid and was able to maintain the cultures of tomato roolts. Later on White's Syntheti

- culture. He isolated the protoplasts of pl

SRR Ser P PHARMACOGNOSY AND pHYTOCHEMISTR
156
By this, Kotte achieved .\tnv\\i.\‘v' |
Al ) “‘\"\‘l‘\" l‘:‘l”\‘::'i Alus cultures depended on the disc()vm-y duriy

\ ::t;‘\\:“::\:‘ ?1‘\"‘!]\:;::::“:\ auxin .n?d of the n»ylv ul. l‘i‘ v:la‘l.n‘lllhliﬂ'lln]'|.)|n.nl ;;.rnw”l ang,
et il < The first continously growing callus (‘ll“lll(.h were eslablished fropy, cam,
oo “\"‘I\l\il“‘¥:;l\tlt‘:lll\"l\\' Gautheret and White. (‘}gy_!l!gyg_lﬂm 1934, successfully Cultureg mnr:
;::::: ‘l:l{ll I‘“' various tree species (Robinia V""’fl!nmw(.‘m, Acer /l)*‘("""_h’/"I;’I‘Il”’lL‘»‘, Ulmtls" Camp,
vtc). on the surface of the media solidified with agar and observed that Mlerﬁ"é.,m;;mhs
TR _ m”(mof
cambial culture and was possible to prepare ,.-;ub_cullur_t."_ \White m ] )3' carric g ou i
technique by changing the nature of mcdu\.Q'_Ig“r_;_cp_!g\gp‘;_i t!m ycast '0>§'l'rdcl in a mediun g,
taining inorganic salts and sucrose with three vitamins viz thiamine, pyridoxihe ang ic-

oA 8 o and he reported (hay o
yproach Lo tissud culture | that 1y

O I
» meristematic cells (root tips or buds) Vil
\]

B g

media proved to be one of the basic media for cell and tissue culture . In 1941, Van Overbeg
et al used the coconut milk for development of embryo and callus formallc_m in Dnlum,}ms

R E——

became the turning point in the development of embryo culture and later on proved to b
helptul in development of various hybrids.

In 1945 Loo, succeeded in developing the (whole plani from stem tip culture by using te
stem tips of Asparagus and ‘Dodder, In 1946, Ball identified the exact part of the shoot mer
istem, which give rise to whole plant. This method is used now a days for plant/propagai |
at industrial level. Later in 1955 Skoog rp0§}_l;\kllé$gd) that adenine derived from nucleic acds | |
enhances cell proliferation and bud formation in callus cultures. Skoog and Miller in 197 |
proposed the roles of auxin and cytokinin on shoot and root induction in tobacco calls |
cultures. High proportion of auxin promoted rooling whereas proportionately more cylok

nin initiated shoot or bud formation. In 1960, Bergmann developed the plating technique fqr
clmmg a large number of isolated single cells by using callus cultures of Phaseolus vl
and Nicotiana tobacum. In the same ‘

year Cocking introduced the protoplasmic plant tissue
ant tissue by using cell wall enzymes like ccllula;:;
ase. Steward and co-workers in 1966 raised large l;{“’l‘:‘e y
ool suspension culture via somatic embryogenesis. In 1968, R
s P ok , ' yogenesis. In 1965,
;’:{:‘:f';ﬁo”“‘ Somatic ‘gmbfyogenesxs in callus, cultured on a semi solid medium ;;ll :::
* discoveries contributed to the i b " aid b
Haberblandt the (t:\stabhshment of concept of totipotency. as lai
( |
) oltr
monstrated the intra and interspecific fusion between the [;fm
g ant roots, Carlson ang co-workers in 1972 produced the first 5.01 '
tl):e 2?;2&::]“1' fpr otoplasts of Nicotiana glauca and N. langsdorfii. V““ke.n;};bﬁdi |
o cattusion of protoplasts, Since then many divergent somatic Jfined

; . r(_
ey following years the technique of plant tissue culture W3
Velopments were made.

hemicellulase, protease and pectin
of plantlets from carrot r

Power et al in 1970, de
Plasts of different pl
hybrid plan

‘ rop®
g tissue culture technique have made a 8‘“’15 g, V1
que now fings . “¢monstrating the totipotency of differentiated plan g

applications in both basic and applied reseafchves
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- remaining activities 3 to 5 gre
] Precautions should be taken :

mm heaters; higher or lower temperature ma
:'ji.f-"-"‘;}“c‘ﬂmre racks.fitted with light (generally 1
mf tubes)

| % A shaker for agitation of liqu 2
| Providing electricity to the culture ro°

e Cheaper, reusable and autc

SLANT TISSUE CULTURE

M/B&ironv REQUIREME )y

S Fo
R
 Laboratory space- The Organizyy: PLANY
n Y Qi - " " C I .

n.ltll“‘—““‘d the scale of activity. Ol of Sug ¢
L . . L‘nQral o

JANEIINE, drying ang Storap “Pace the £ ’ dey

35 dye g o ]0 a7 ”@“ds .
2-Preparation, Slerili;{atim\ ang Vesse)g Wing i Recdeg Mainly o the
d . §

& . ) s
3-Aseptic handling of Orage
4-Maintenance of Cultureg g Cultyreg
r c
5-Observation of Culturesg

In the modern laboratorieg the

The working area should pe physically o
. ysically [sepa
that used for medium preparations. Y fseparateq/
- The weighing balances should be kept in
Refrigerator, Deep freeze, Incub

For aseptic manipulations, lamin

€ven by 4 temporary Partition from

a separate Space.

ators and Autoclave may be kept in corridor.

ar flow hoods are commonly used which can be housed

in culture-roem. A small table having a ’St'e?@éts?@nﬁcroscope may be adequate for culture
. observation. gk

fB{;,‘Culhn'e room- The culture room should have the following facilities- AC

olled x i of airconditioners and
. 0+ 2 degree C with the help
-ﬂ‘ Contr temperarure (usally at 25°* 2 deg S e "

000 lux or lower light generated by fluores-

et for
desirable to have generator s

] ity failure o cuts:
when there 15 electriclly essels are used a8 they
Generally 8125 Cu}we(:rzsﬂicate or pyrex glﬁf ‘
: 5 washing- &< to use OMY PP s of plastic ar
S-Culture vessels and thelr " 5 jegiable 0% 0 e vesas o P00,
toclavabic. ¢ to someé t1ss lly pres rilized and ==r
, v be toxi o genera
Ware as ordinary soda glass 1::: pse Vessels ::usgable. In gener
Wailab iety of purpo~ erefore |
le for a variety of pu! ble and th?f?f 150 mm OF 17B% o ned
t certain types are autoclava®€® - f 25X il

id cultures. It is

Is 25
! () eSp Qe
long rup are costly than glass ¥="_ e m.b(:tes; put e ften € °yeile1§ng
' in culture 7 PP i botdes ¢ ginained
dis g Neck or even ordw e Clllmres fren WT
Ml o used -vWide. wor h cotton plo® ™
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$\/ PHARMACOGNOSY AND I’I{\’]‘OCHEWS | -
s ‘ av be time consuy TR\Q
- LV Y t X }‘\“P‘"“\ sty '!\ ‘\‘\\\:\“ (R4 ‘n‘-‘\:.(‘ Y -'“(‘ 1mayn ' (Y 11“““1“}: ‘n‘d “
Jhoaaeed bk Dt e Ny =i 3 \
Y RO VR : :

I, M ) A AN SENEY Sdoene or g P ‘\\\jv‘.‘.
t Lers wse caps made up of either polypropy lene or a metal g, this 1y,
mrent Many WOTRSs U . 5 . \ ‘ ‘ 2 "\
0L, & fective t\\\t n“\“\ '\h\‘;-“‘\“ may aftedt ”\:‘ t\c\'l fornmandg
X bl N

\
AR AN
POy

These caps are f .
LAWDRT ALY .
A . X DN EA s 8 by a N RISITE :
el and other labware are generally soaked ina saitabl NONtonGe
kLr\\ \x NNR A \1‘\\‘ A l l . ) ) 1 .l i W “."\‘N‘
‘l‘t \\K \\‘kl{\‘ \\.it“ ‘\ ‘\'\‘it“t\l(\ 1““\_‘\1‘, ll‘\“‘\“l‘k‘ ‘ \ 1““"‘ W _(“-”\ \\‘tl\ L\i\ N L\ b
A N "

e

'\\\?F
aehy
by

| . AR B
seaiion oveng ) o . Aty aven (75 RO
followad by rinse with distilled water and dried inhot aie oven 78 1o 80°C)_ Uty Vi
SN 3

. . ; o 5 ; WAV ¥ -3 \_l -“lllll\.‘\ \~(\$5‘\1:‘ "‘l\‘\“l 1 l\ . &
having contamination are frst antod laved. Washed « d be stopyg N
ably in a dust proot cabinet,
D. Sterilization- All the materials like instruments, vessels, plant Materaly .
etc. usad in culture work should be free from microorganisms, This is achieved One ol &
following method-

-

.

of 1
Wl

() Dry Heat- Glassware and Teflon plastic ware Eempty vessels) and INstruments can by
steriized by dry heat in hot air oven at 160-180°C for 3 hours. But most Of the worke,
prefer to autoclave glass ware and plastic ware and tlame sterilize nstruments ke fore
ete. More recently glass bead sterilizers (300°C) are being, cmploved for the sterilization 4
forceps, scag}%s‘. ete.

(i) Flante Sterilization- The instruments like scalpels, needles, forceps ete. ar o
narily flame sterilized by dipping them ini_?;;'iz’{;_algg_tggl tollowed by flaming, These fnes
ments are repeatedly sterilized during the operation to avoid éout.-x(iiixiixii(ﬁf’l'hc moths o
culture vessels are flammed prior to inoculation / subculture,

D) Autoclaving- Culture vessels ete, (both empty and containing media) are gener
sterilized by heating in an autodlave to 121°C at 15 p.ad (Pounds per square inch) for 15
30 ml of medium) to 40 (2 L medium) minutes, the time being longer for larger madis
volumes. Sterilization during autoclaving depends mainly on g-é;x;\l_w_g;ii ture, Cortatn tpet
plasticware and instruments like micropipettes ete are also autoclavable, All the vessdshd |
be stoppered during autoclaving, |

(iv) Filter Sterilization- Certain vitamins, enzymes and growth regulators like 7 :
GA3, Abscisic acid (ABA) and Urea are heat lable, so these 'x:.\m\pmxmi; are filter st
E)’ passing ttheir sol}ntit)n through a membrane filter of 045 u or lower pore size. The ::, ]
b;“:ﬁ&;::; held in a suitable assembly; the assembmﬁ?tlwr with the filter i s ¢

- g before use,

Laminar air flow cabine

sterilized aj i : o

i ’acn:k th‘r:mgh an enclosed (on al) sides except one) space. The air 1 f e

s m:;; ;m n;xz'r P_reftlter 0 remave larger particles; it is then passed lhmug?; ‘ ‘;_-‘ o [
o pariculate air (HEPA) filter, which filters out all particles larger than 0.4

Sterilized air blows through the cabinet keep the “1“::‘ 1
working area aseptic. Inside petat 18 km/hr w hich is sufficient &

tube fitted on the ceiling of y}
tion, A

1%
ath
.

> o i oy ‘; {'l:“( ¥
'S are used to create an aseptic working area by blow ":‘F.-.,_ﬂw-\
r" 3 ‘1‘\ j

M
.

o : s ) ‘"‘-ﬂiff ' ”.-t"f'
the cabinet there is an arrangement of bunsen P "

e L‘ﬂbh\e[ which hﬁlps the ﬂf’éﬂ to be ll’“‘ from e
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55UE CULTURE

. . =09, Ethanol- The surfaces that |
ing with 70% Ethanol- Lhe surfzces that cannot be sterilized by cther ech-

» = £1 el . L.
Jatform of the laminar flow cabinet, hands of the operator e are swerlized o

8 aques €- e g £
' mglf/g}thomugldy with 70% E"ZI'LY]. alcohol and alcohol s zllowes @ &w.

{v) wip

-

(;i,ysurface Sterililaﬁon~ In this method all plant materials used for quibure 8 THE

i an appmpriate sterilizing agent © inactvats the microbes present on DD SIECE I8,

erilizing agents used for surface disinfection are sodium hypecklorie (2%), Glcum -
Pochlgrite (9-10%), mercuric chloride (0.1-1%), H,0, (I_L‘-LZ%P, bromine wiater{1-1% :L.

ghiotics (4-50mg/litre). AmONS these sodium or caldum Bypectiont: £ very &

Edan ts and mercuric chloride gives satisfactory results and ese I g

b i ries from 153 o=

. The duration O —_—

f treatment V&I :
2 ) L o i SR G e SO

: — CL no Cr?iﬁ"ﬂ: used 3

tissues the duration-an co ok B

e s ‘ » o5 o o e OF €
}1 - .’ -:-';:_.’-C and VT or ZERd
: dea : PR the RITL= < — . An
o : . ends mainly OB BEZ== o enfimny 22270 13
: 111 rOt OI a T = oy 6 s 78

ce sterilization protoc €p BIGEW,
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160
Piils
soliition for 10 idnte il
AR ' 1Y
inderi finniie . ‘ e St ' ) _
Wash the explant thoroughly wilth ranning tap waler and rijge viitl,
\ anR e v

_ vpochlorite solution for 15-20 minutes and wasly 9.1
Dip into 2% sodivin hypochlovite solation

walei

i ko 2%, g0
s alcohol and then dip o~
qih absolite a :
Rise the il W

- vith sternle wale I
5 Hinally wasl ”""”“HMV with & f dhid 'Lum-n;, !m‘

l““.
Sy l )

”’I]l_‘}.‘ ‘//]” p
lf.']} .

PRODUCTION OF CALLUS FROM EXPLANY

The sterilized explant is translerved aseptically (o a “H“'.'("" medium in g s 1]
flasks are incubated in BOD incubator for maintenance of culture af the 1(:,”‘)“ "

bk
,ﬂhj“

25+ 2°C, Little amount of light is also essential for (he production of {””'h Y

: R i < iy Y e . { y A é‘.,,_ﬂ[“nl”;f/’d
mass of cella), After 3 to & daya of incubation, sufficient amount of callus is

i s,
Prodiee,

Proliferation of callug
When callua {8 well developed it should be cut into pieces and transfe

fresh medium, This medium containg an altered composition of hormones

the growth, The medium used for production of more amount of callus is
eration medium,

rred g Al
vhich f:l){/’/.r;.lr

e
known 25 pujy

Subculturing of callus oA\
: »

After a period of tme, it becon
due to nutrient depletion and me
every 4 to 6 weeks.

Gl neceessary Lo transfer the callye

dium drying, In peneral, callyg
ot 4

b ‘

s to fresh medis chidhy

‘Suspension culture
Tissue and cells cultured in a ljc

& cultures are subeyly.
/

Y FHARMAGCOGHNOSY AND Bi{y ﬂfilil:ma V
" 9

B A A A B R T R

€ | Juid medium produce 3 suspension of single cells ¢
a'ssiléngnsdiggggl_%tﬁfgﬁj For the preparation of Suspension culture, callus is transferred 1% |
Iquid medium, which ig constantly agiated by a rotary shaker at 50-150 rpm. This facliss
93%99_9&;&1\(! keeps the cells separate. After the production of sufﬁcierrrl)t number of ¢
- Subculturing can be done. Tr; general, suspension cultures are subcultured every 3t0 144" |
 The plant Hseues o organs o g — :I . —
isfactory growth. no - 8rOWINg in vitro have different nutritional requirems™,
saﬁsfas:thsfactoryn growth, But there is no single medium which is entirely sufficiert f;;;f
need to be worked Lo 7% Of Plant asues and organs. Hence details of culturz 2%, |
 Various culture megis y hit a‘:id,__tﬁal method for each plant material %P:;;#;w
- Haller(1953), Murashige ang oy 0INg last few Gecades are Gautheret(1942) ey
ot i i 4 ; ﬂwdnm‘ rg'rj §
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(4T TISSUE CULTURE L& 8
ol —"

TAUH?‘ NO. 161

f’/ﬂ—-‘\\\
| Ingredient White’ T
| Ing ite's Hal s .
‘ mt‘dium - \‘ l“‘l s MS e ——— N
’r"l"-t jent ‘\dll”“ medj IR

i S N
{ L\wmnu nents \1\&\ “\l‘(“mn Bs

mediyy

NG — T

1650
= \\
NaNOs - | 1w

Ca(NO») 2.4HO 30  TT———| - —
MgS04.7H:0 T\‘J F B—

1200 [

1900 | e

KH:PO4 R e S 0 | ues

| CaClo2H:0 8

NaH:PO:.H:O 19 125 T
(NHy) 2S04 - _
Micronutrients
“MnSOs.H.0 - - - : 10
MnS04.4H0 5 0.1 223 2.23
CuS04.5H:0 0.01 0.03 0.025 z 0.025
CoCl.6H,0 - . 0.025 0.0025 0.025
ZnS04.7H.0 3 1 8.6
Fe;(SOg)s

‘| FeS04.7H,0
NaMo0Q,.2H.0
KI

KCl

MoO;
FeCLOHO
AICI

HBO;
NiCL6H0

| ZnNaEDTA,
NaEDTA2HO |
-O\P&lnic nutrients
 Vitamins v :
| Pyndoxine HCI
-ﬁi.r)tinic acid
m_ﬂq .
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P PHARMACOGNOSY AND PHyrq .

HE, ’
STR‘{_{
162 I = T
TAmino acids 2.0 2.0 \\__
30 .

Glydine — |
Carbon Source - 3% 19 2\
Sucrose o —\_\

. Growth regulators — |

| Growth regu : - e = \

I TAA .

1 8 0.1 | 5

|24  Dichlorophe- - \

:‘ . . | |

| noxyacetic aad | |

—— ) T 4 |

NAA : ' i :

——— | |
Kinetin . 0.04 10.0 0\02
- - - \ d
J Ph 35 - 5.8 '5\5|
b\\;

MS-Murashige & skoog
ER- Erikson
B5- Gamberg et a]

'..fv'r‘hgeg_l,ia constituents- The m

Ajor constituents of medium that 4,
the Vital functions of culture are

€ essentja] to mains..,
I- Inorganic nutrients

2-Organic nutrients

3-Growth regulators (Hormones)
#Gelling agent (Agar)
I-Inorganic nutrients- In addig

Onto C, H ang Oall
for the growth of plant tissues. Out of th i
Potassium(K), i

OWN as micronutrients.
i : . ST el TR T
ture mediym 1S the jons of different types rather than sil £
than one g, For e.¢ in Murashige and Skov’ b
ons . -8 g ) .
NHNO, and kg, gy riouted by \NO, and KHLPO yporest NO* ions are contribud?l ¥
ity of th, L . various cultyre Media differ mainly jn quantity rather than mi B
1 \ € Media provide different concent®

7 5e vell

’ UM the concentration of K and N L\ |

was later et and B3 Medium, The ite’s m edium though widely wed f:‘

Provides the A °US Investigators because the inorganic numen!fr i |

Culture meg, sowth were 7Y less in quantity. Hence mast of the l‘;nq!s 3
's 2:1)1‘ e e Widely (Table no-1) are richer in minerd:
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P
g1y A vavl T . e b N AT S
: i el sl

& uLTU QoS-
\4 NT TlSSUE C RE 4 DF)\ | ‘- L r r’ v T é" ’.: f»-}

ost of the medium, iron is now 4
. 1ar DF . sed as Fep
at highe? pH (>5.8). FeEDTA m, d[ as FeEDTA
& y )c l)].
ep

163

« S

I
ared by ygj
y using Na EDDTA.2H O and
2

n
1able
. 1]“1’
.1‘J l O.
fe (504)‘7l i nitrogen i
A , P ~ - > ~ o .
* rhe ,norgdl;lk \l/l/llm;.,Ln 1s supplied in the , i
3. > 1 - 1 > me I ?
S 1en nitrate is used alone, ¢ llulm in the
» the ph of (]
e

. n] C ) [N . p .
it 6o, 10 check this drift small amount of

forms of ni

5 of nilrates

) es and

‘ | mediium ahi amino-

ammonium C()m])ound’].] shifts towards alkalin-
15 added alun;; with ni-

tion to the above mention
ed
elements | the various med
media are als |
> also enriched with

Na), Cobalt (Co) and lodi _
( ' nutrients- Th ine (I) but their necessity has not b
»! a i e Or 1 1 o] IIO J;} AQ g
2-01% ganic nutrients can be broadly calssifi 5(.11 ealzlighied
ssified into nitrogen sources

nd carbon sources.

2 ¢

i . 5 | |

1 Nitrogen SOZ‘TC S _;‘;é 5&‘? optimum callus growth it is

| Cmmreh;ne .la i 't’ggmqr“mgregyitamins and amino acizzc?fs}:ary to supplement the

: . thiamine, nicotnic - e e B P e are
Pantc;thenic ac-; (?1d and inositol. Of these thiamine js ess ;:23 qudulrcd are

’ id is also known to be prombtofy b’ut is not mcluzrgd ff:tn{;z:

of the recipes-

Other comp
nilk, corn milk,

s (,, C COHUl

g
q{ = growth of tissue c.ulture. However it is recommended to avoid their use and replace each
m single amino acid, as these substances may affect the reproducibility of results because

of variation in the quantity and quality of growth promoting constituents in these sub-

]lex nutrie

d carbon source for all cultured plant materials

stances.
C ources- The most commonly use

sucrose/ It is used in the concentration of 2-5% Ball demon-

Stter e because autoclaving

srated that autoclaved sucr filtered sterilized Sucros
| causes the hydrolysis of sucrose which enhances its availability to plant cells. Generally,
| monocots gTOW petter with glucose whereas dicot Jedonous roots do best with_sucrose.
. Plant tissues can utilize other sugars also like galactgsey»lawa 1) even starch,

| but these are_ rarely use

| YBrowth regulat’ rs(Hormones) - The

| awdns, cytokinins and gibberellins- =S

- Awins- rosxins are mainly used © f2¢ '.ta'ts,c_eu dw;f;:;iﬁyric e A (naph

Rk aupdds 20 a2 (ingge.x?f:ét:icca:l' ) p CPA (Para-chlorophe-noxygc):e;ig :c;ig
a oXYy © ol etic ac1d/-

(napt sy and (mchlorophenpgy?cfor 20 prolifere

i ;hﬂl:[;le acetic acid),'NOA' ad 24 5T
J; % 4D (24 dichlorophenoX ‘acetic ac%) = y 97" cigh cytokinil :
& NAA are widely uspedfor);oohng and (in ‘fzom;?;;i:lc‘::gl %d growth of callus. Auxn
e e vy ciscie (2 a

| tmenally dissolve in ethanol or dil NaoH-
| Cytokinins- Chennically, cytokinins A€
% Eﬁte cell division, regeneration ofshé‘?t*’e
_p::? tion and growth of awdllary buds-*>
| one), BAP (6-benzylamin® PY
A on). 2-ip : and Zgaﬁﬂ are

green shoots is(suc

including even R0
ose 1s better than

included in culture media are

growth hormones
ot differenﬁation. Com-
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P ' ‘ x [ N W
derived synthetically. Cytokinins generally dissolve in dil Hel or | N ‘

Gibberellins- Of the over 120 gibberellins known, GA, 1s almaost exey,,
. - 9 Al e » v . ‘. ( } £7rer 4 s . ./ .."\
promotes shoobelongation and somatic embryo germination. Cibberely,. ORI :

water up to 1000 mg". -

4,Gelling agent- Another C_‘_’,,TEQ_'_‘.S’I_[,,M culture r‘m:dlum 15 the gelling |
makes the medium solid becauseé in liquid medium the tissue submerges 4.4 dic s oy |
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