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' Abstract

Cryo;?resenratinn offers a viable and safe storage method for germplasm in
conitrest to more traditional gevmplasm conservation metHods, but can be
techajcally diﬂ‘mﬁ& an-ﬁ can jnvolve tl;ex use of cxpénsive sqquipment. The present
study achieved .:¢ préduction and \;ﬁaintemce of callus and suspension

cultives and somatic embryos of Dassens Carota. L., for use in cryopreservation

_expevimentution.  The effecis of dehydration and the use of the cryoprofectant

glycerol on the cryustombility of carrot callus using an ultra-fast freeze technigue

was alse expigred. Successful cryopreseﬁatian was achieved using this

'technique without dehydration or cryoproteciion of the callus material, bui with

§ relatively;- Iow efficiency of 23%. Dehyirating callus material im;pmi*ed
cryopméﬁatinn efficizncy to 38%, but the highest efficiency (65%) was
observed when callus was dehydraizd in conjunction with cryopreteciion using a

glycerl solution,
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1. Introduction and literature review.
1.1 The importance of germplasm conservation,

Incfeasing human population size and increased peeds of industry have led to
escalating and indiscriminate clearing of forest and agriculiural land. This has resut&gd
in the extinction of many plant species, and it is believed that many more speties face

extinction. Apart from the negative impact the loss of species may have on the

ecosystem itself, these extinction's result in the depletmn of the naturally occumng '

genmplasm pools of the medicinal, forest and crop plants (Sen and Giles, 4.983)

Modemn agricultural practices, selection breeding and land clearance have resulted in
the loss of many wild species and primitive cultivars, which are the traditional sources

of genétic variability (Rao, 1981). The emphasis placed on agriculture today is

‘increased yield, which tends to resuli in production and cultivation of crops with

restricted genetic diversity. This approach satisfies the immediate demand for food,

but the consequences of a disease outbreak, pest infestation, or climatic perturbation
vould be devastating to a population of limited genetic variability and consequent
narrow response range to challenges (Rso, 1981),

Advances in biotechnology have allowed for the production of novel transgenic plants
(e.g. Monsanto's herbicide resistant cotton). The future usefulness of the transgenic
product is therefore dependent.-on the maiﬁtenance of the genetic identity and integrity
of the vroduct in question, which could be a cell culture, organ culture or whole plant,
This consideration also applies to agronomically important strains which may be prone

to genetic variation (Bock and Marsh, 1988).
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All the above ‘reasons have created /%tu:;tmn where the availability of a reliable,
afﬁurdable nmfﬂ«mpm&ﬂﬁofesmbon is of ntmost importance, =

1.2 Methods of gemplasm "i::jnservatienlpreservation.
1.2.1 Seed storage

Storage of seeds is the traditional method of gefmplasm preservation. However the
storage of seeds is limited to these species which are said to show “orthodox" viability
characteristics. Retention of ﬁaﬁ}iﬁty of these seeds can be increased by storing them

in sealed containers at ~13° C or leﬁs, and & moisture content of between 5 and 7%

: " (Rao, 1981). Seed storage of orthodéﬁx seed type species is, at best, effective only in ' 5
. '_ the short teri, and it is not without nsk ‘Seeds of certain species deteriorate rapidly _ o
due to seed bome pathogens whilst sef;éi_ll;gx\__:_ of other species are heterozygous and, | |
therefore, not suitable for maintaining true.{:'t.a{hty'pe genotypes (Rao, 1981). Severa!
staplé' root and tuber crops, anit -a numbér"”\*?f tropical and temp_erai:e fruits are
| m vegitafively propaggted. In some of thess catseskthe material is sterile and in others
' gene coinbinavions would be lost by conversionf-‘i;o swed (Rao, 1981} -
2N | 1.2,2 Growth of plants in Yield banks
N
O _ _
1 il A number of species produce seeds that are sensitive to low humidity and temperature,
f and are termed "recalcitrant”, in contrast to orth_pdox. Even if recalcitrant seeds are
_ h li stored in a meist condition, their longevity is selatively short, varying from a fow
'_' ": 11 ' weeks to a few months (Bewley and Black, 199%). An example of this is the coconut
! \ - ’E (Cocos nucifera), with these species there is no efficient method of propagation, and
? N {g the commonly used method used today for reproduction, i.e. - by suckers arising from

the bass of the main stem, is slow and unreliable (Dodds and Roberts, 1985).
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For the plant species where seed banks are 'mp’ \ or ﬁnpractzcal gmnplasm

" preservation is achieved by thie maintenance of these plasts in ficld geno banks. These

are expensive to run and are pronie to catastrophic losses“due to attack by pest and
ﬁath&gen,'climatic disorders, natural disasters, and are in. some cases dependent on

polisical asd economic stability (Dodds and Roberts, 1985).

These probems have crented the need to develop altsr: tive methods for the storagé; |

rogintenance, and conservation/preservation of germplasm, and to explore the

possibilities of the creation of genﬁplasn banks of more rare plant material (8¢ .and

Giles, 1983). A partial solution to the problems associated with traditibnal methdds of

germplasm conservation was provided by the development of in vifro teclmulpgy
. JI :

1.2.3 In-vifro growth of plémt matefial_-

"
Y

Based on t' phenomenon of totipotency of plant cells, G.e.- all ing cels contairing

& normal compliment of cprmif;gsomes should be cagabl_e of regenemﬁng the entire
plant). tissue culture techiiiques""have been exfensively used it cloning and rapid
propagation of many sconomically important plant species (Bhajwani, 1990).

Plant tissue culture is thgﬁnl'; of growing plaj}it cells, tissues, or organs isolated from the

-mother plant on artificial media (Georgs, 1993). There are two categories of tissue

culture, ie.~ cultures of unorganized tissues, and cultures of organized tissues.
Although the term tissue culture is commonly used t0 describe all kiuds of in vitre
plant cultures, strictly sneaking, it should only refer to cultures of unorgamzed
aggregates of cells (George 1993)

The existence of higher planis depends on the organized allocation of functions to

different parts which in co_nsequeﬁée become differentiated (i.e.- modified and
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specialized to endble them to perform their specific functions). Unorganized growth is

seldom found in"nature, bui occurs fairly frequently ‘when pieces of whole pl;;nts are
| cultured in vitro. The tissues which are then formed typically lack any recognizable

. struciure and contain only a lmuted number of the many kinds of specla.nzed and

d:fferenttated celis found in an intact piaz-t (George 1993),
f1] Unorganized cell cultures. | .

Cultures of unorganized tissues can be divided into four different types. -

By
L
-l

1- Callus (or tissue) cultures. This is the growth and maintenance of largely
l;nor]éalﬁéed cell massos which arise from the uncoordinated and disorganized grmwth
of mall plumt organs, picces of plant tissue, or prewously cultured cells.

2- Suspension (or cell) cultures. . This is the growth of piat;t' cells and ‘smali csli
clumps, dispersed in an agitated liquid medium,

'3- Protoplast cultures. The culture of p?aﬂ.t cells that have been isolated without a cell

wall.

4-  Anther culq.\res The culturé of complete anthers containing immature pollen
IRiCroSpores. 'fhe objective is usually to obtain \haplold plants by the formation of
somatic embryos directly from the pollen , or _som"tlmes.b} organogenesis via cal_!us
{George, 1993). |
Germplasm conservation - ¢ unorganized celitissue culiures hes the major
disadvantage of unacoeptabie genetic instability usually being associated with the
methodology, and consequently this is seldom the method of choice (Rao, 1981).
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" bud is grown fo provide a single shoot.

11

121 Cultures of organized stryctures.

Organ culture is used as the general term for those types of Lulture in which an

organized forn of growth can be continuously maintained, For the purposeq of plant
propagatmn the nmt ﬂm?;tant types of organ culture are the following:

" ; o | : :&I
1- Meristem éplﬁtf&s:'s-‘i‘hese are grown from very smali shoot apices, each consisting
of the apicat meristimaticcdome with or without one dr two leaf primon.hi—;.; The shoot

apex is wmcaily grown te: Five one smgle shoa:
= : : ’]

4]

2— Shoot tip, o shoot cultures. These are initiated from shoot tips, or buds, larger

than the shoot apices employed to establish meristem cultures and have several leaf
pmnordta These shoot apices are usvally cultured in such a way that each produces

.' multxple shoots

~ 3- Node culiures. These are of separate lateral buds, each caried on a small piece of

stem tissue, stem pieces carrying either single or multiple nodes may be culfured. Fach,

\ ]

4« Tsolated root cultures. This is the growth of roots, unconnected to shoots.

5- Embryo cultures. These are produced by dissecting out developing seeds or fruits
from fertilized or unfertilized zygoﬂnf{'embryos, and culturing #» vitro until they have
grown into mature seediings. Embryo culture is quite distinct from somatic

embryogenesis,

Complete plants can also be derived through the formation of somatic embryos, which

-r7;oqmble the seed embryos of intact plants, and which can grow inio seedlings in the
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in-viv: manoer. This proeess is called somatic embryogenesis (George, 1593), [see
later], |

o
Lo

1.3 Nutrition and growth of in vifro plant material

1.3.1 Culture Media ;-
. . Lo

Nutrition was the earliest aspect of plant tissue culture investigated. The development

of 3 high salt medium (Murashige and Skoog, 1962), and derivatives theteof paved the
way for the culture of the vast number of plant spééie's‘-uo far achieved (Bhajwani,

11990}, In contrast to animal cell culture, plants ces generally be cultured on defined

media, containing 5 classes of substances, na. ‘inorganic macro- and micro-

nutrients, a cafbo:xfenprgv source, 4 reduced Zrm of nitrogén,' some B vitamins and

phytohormone- to achisve growth and organized devdiopment (Eajwani, 1990).

. : “‘\\
Plants absm‘\ the nutrlent‘ﬁ they requn'e from soils, a]most entirely as ions (ie. -
atom, of grcup of atoms, which has either a posmve charge Feation), or negative

charge [anion}). Macronutrients, (and most micronutrients) are provided in plant

- culture media in the form of salts. In"weak aqueous solutions, such as plant media,

each soluble salt dissociates into t\i?q_‘_ ions, one positively charged, one negatively
charged (George, 1993), and is therefors éaaily absorbed by the plant tissues

[1] Macronutrients

Calcium, magnesium and potassiuvm are abéd’i-bed by plant cells (normally those of the
roof) as the respective cations (Ca2t, Mp2t, and K™); Nitfogen is mainly absorbed in
the form of ammonium (the cation, NHy™), or nitrae {the anion NO3"); phosphorus as
the phosphate ions (HPO4)2" and (FaPO4); and sulfur as the sulfate ion (SO4)2~
(George, 1953). |

ot T - R AN Y AN T e e i e w“v-\lwmmau TR AT s T e ¢

e



Fa

o

i3

&

3

—

s

U
. 3
3 2

O

in-vivo mammer. This process is called somanc embryopl;enesw (George, 1993), [qee
Tater]. : S !f

1
%\

1.3 Nutrition and growth of in vitrz plant material

1.3.1 Culture Media

0
Nutrition was the eastiest aspect of plant issus euiture investigared. The development
of a high salt medium (Murashlge and Skoog, 196?) and derivatives thereof paved the

way for the culture of ﬂle vast number of plal‘t ;pecleq so far ach!eved (Bhajwam, _

1990). In conirast to ammal cell cultuie, plants ',.an generally be cuitured on dfined
media, containing 5 classes of substances, mm&ﬁ inorganic mecrd- and micro-

nuirients, a cacbon/energy source, a reduced form of nitrogen, some ¥ vitamins and

phytchormoaes to achieve growth and organized dex glopment (Bhajwani, 1990).

Plants absorb the notrients they reqmre from sc.., h aimost entircly as 1ons {ie. - an |
atom, or g.:g.f;b of atoms, whlch has either a pos;ltlve charge [cation], or negative -

charge [anion]). Macronutrients, (and most micronuirients) are provided in plant

culture media in the form of salis. In weak aqueous solutions, such as plant media,
each soluble salt dissociates into two ions, one positively charged, one negatively

charged (George, 1993), and is therefore easily absorbed by the plant tissues
{1} Macronutrients

Calcium, magnesium and potassium are absorbed by plant cells (normally those of the
root) as the respective cations (Ca2*, Mg2*, and K*); Nitrogen is mainly absorbed in

the form of amimonium (the cation, NI'-%,_;*;), or pitrate (the anion NO4-); phosphorus as

the phosphate ions (HPO4)2~ and (HPO4); and sulfur as the sulfate ion (SQ4)2—
{George, 1993).
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The most important step in dexiving a plant tissus culture mediom is the selection - ©

macronutrient iong in the correct concentration and balance. The salts normally used “
to provide the macroclements in tissue culture media also provide ions of the elements
sedivm {N;z) and chloride (C1). Because plant cells tolerate high councentrations of
Nat and CI* without injury, thesa ions are irequently given 5ttl: importancs when

contemplating media changes {f&;si‘-:nrge, 1993).

Y

12} Micronutriesis o

In addition to, the macronutrient elements, plant cells require traces of certain
micronuirients. Most modern ~uliure media use the relatively concenirated mirtures
' found in the tsedium vecommended by Murashige and 'Skoog {MS] (1962).'
Micronutrient slements required by ail hipher plant cells include iron, manganese, zinc, |
boron, copper, molybdenum, and chlorine, Sodium is not generatly required by higher
plants, but this element may be a micronutrient for cultures of halophyte tissue, plants
with C4 photosynitietic pathways, and plants with Crassulacean acid metabolism
(CAM) (George, 1993). As mentioned above, sodium and chlorine are usually present
in large amounts from the macronutrient salis. An iron stock sblutian is prepared
separately because of the probiem of iron selubility. Usually the iron stock is prepared
in the chelated form as the sodium salt of ferric ethylenediar-"e tetra-acetate (Na-

FeEDTA) (Dodds and Roberis, 1985).

in addition to the known micronutrients, some media contain traces of cobalt and
iodine. Whilst the possible requirement of nicks!, tizanium, beryllium, and aluminum
remain questionable (Dodds and Roberts, 1985), one unresolved prcﬁiem is that even
the purest chemical reagents contain traces of inorganiv contamhmnté, and these
clements constitute a hidden source of ﬂﬁc;pnutﬁgnts. Agar is also a source of

numerous xnincral elements (Dodds and Rt)herts; 1985).
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Growih and morphogenesis of pla:;'ﬁ\issue enifures can be improved by small f[uaﬁ*ities
of sutie orgaiic nutrients. These arc\namly v;t.amma, {xm!udmg smr-e substances that
arg not sirictly animal vitamins), amzm acidg smd ceﬂ@m undeﬁned suppiaments
(Georgsa 1)‘1‘%) \\\_ \\ b

Voo, o
Vitamms \‘a\re compcund;: requirad by iunmals m very smalt amounts 48 necessary
amllary fo ~d factors, Abserce from the diet {eads o abfar-mal growth and
aevelopment and an © .ealthy: condition, Many mf" *be Sanie suhsmnces ére also
needed by plant celis as essential intermediates or mMahoha catalysts, but § .ntact plmts,
unlike amma‘!s, are able to pmducc. \h@ own req{axrements \Lultured plant cells :mfi
tissues can howwer become deﬂcxent in some fhctm'q gmwm and sumval is then

itnproved by theu‘ addttmn to the medium (George, 1993)

Certain authors consider that thiamin (vitamquBl) may be the.cnly essential vitamin
for neary all plant tissue cultures, where::s{f’?'tiicetinic acid (atacin} and pyrodoxine

(vitamin Bg) may stimuiate growth, Thesﬁ three compounds and myo-inositol ars
h

almost always included in media - and an*: mgnﬂdlents of M3 medium (Dodds and

Roberts, 1985)

Some other vitamins that have been used in plant tissue culture media include p-

aminnbenzioc acid (PABA or vitamin By), ascorbic acid (vitamin C), biotin (vitamin

"H), choiine chloride, cvanocobalamin (vitamin 3;12), solic acid (vitamin Bc), calcium

pantothenate, and riboflavin (vitamin B2) (Dodds'and Roberts, 1985).

With the exception of “ycine (aminoacstic acid_i), which is 2 composent of several

media, amino acids are seldom added to plant cultpre media,
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The trend io modern plant tissue culture has becn\‘\to attempt ta df,ﬁﬂe lhe constztnﬁm{]s

ofa giwn medium and climinate the use of crude \\{atvral sxtrml:s {f. g. yeast cxtﬁasﬂ

potato sxiract and coconut milk). However, these miqeﬁned adcﬂtwes gre still wsefldl if

i
k|

hemmaﬁy defined med'ra fall to produce the desirad reu\u i5 (Geouge 19*3'3) ' '.f

¢
&

1.3.'2_Carbon soﬁrc&s

Only a limited number of plant col lines -ﬁave been isolated which are' autatrophic whot, &

cultured in vilre. Autotrophic cells are capabie of fully supplying their c»mn = .

carbohydrate needs by carbon dioxide assnmlauon during p}mtosynthws Nurmaﬁv

for the culture of either cells, fissues or organs, it 1s necessary G mf'orpome a cm‘hon -

source inio the medium. Sucrose is almost umversahgf vsed {usually at 3 conoenmmon
of between 20 000 and 30 000mg/1) for mlcmpmpogatipn purposes as st is 50 gthrai(y
utilizable by tissue cultures (George, 1963). ;

A partial hydrolysis of sucrose takes place dusing the autoclaving of mqﬁia, giv o
sucrose is heat labile. This results in a combination of sucrose, I)-glucq}ﬁe and D-
fructose (the extent being greater when the compound is dissolved togethor with the
other medium cotstituents ian when it is autﬁc}av;ed in pure aquedus. solution
(George, 1993)). Such an autoclaved medium may give completely diﬁ‘em’ﬁat results
contpared with 3 medium containing filter-sterilized sucrose (Dodds and Roberts,

1985),

1.3.3 Osmotica

The uptake of water by plant cells in culture is governed by the velative wat: . potential

values between the vacuolar sap and the external culture medium, which in twn is

determined by t... relative concentrations of dissolved substances in the external and
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~ 1.3.4 Plant grow

| internol soiptmnﬁ. a&\;d by the pressure exerned by the re&trmmng celt wall (Dodds and
an% Aﬁs Gg;;m‘ 1993) : '

| \\ | \ |
One kuﬂmdal a,haitactemtc of the gel state c“’ agar is the imbibitional retention of
'||I
water w:ﬁ*m the i)nmlies \of the gel Ca:'bohvdrates, as well av the soluiions of
morgamc\sa‘ts nm only\ﬁ..nctmn for the datbon source and other nutritive

1cqmmnentﬂ metabolisi, Rut they also play an imporiant role in the regulation of

the; exteral &Emum‘ patmna} -Often weakly melabolized sugar, c.g., mannitel or

sochitol, is useé 48 an exterml dsmot.cum (Dodds and Roberts,1985).

' RTINS TV
Somatic embryo, \enes:s can be-‘inﬂuenceé; by alterations in osmoticum as can the

proper develupnk\lt of e.-mhryos‘ A low osmotic potential is oﬂ:en (althoa.gh not
diways) favourable George, 19?-:43)3l ‘
\ W
|
\v reguiators \

Some chemicals ocmurhng natur ly v)\\;thm plant fissues Ge.-endogenously) have 2
regu!atcry, rather - thm‘z ] nutnt:onai\mie in growth and development. These

: compounds, which are gmemily active :i very low voncenirations, are known as plant

gmwth substances (of piant hormones). Synthetic chemicals with similar physiological
activities to plant growth substances, or compounds having the ability to lﬁodify plant
gﬁbwth by some other means, are usually termed plant growth regulators, (the term
plant growth regulator also implies that the substance has been applied exogerousty -
and can thmeﬁ:t’e also refer to a natural growth substance prepared through
fermentation plﬁcesses) (Georwe, 1993), |

The five | ‘ncipal classes of plant growih substance are:  Auxins, cyto!dnihé,

gibberilling, ethylenc and abscisic acid.
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Auxins and cytokinins are by far the most important for vegulating growth and
morphogenesid in -plént tissue and organ cultures. In these classes, syntbetic regu_!htors
have been discovered with o biological activity which equals or exceeds that_}_;f%nt‘ the

couivalent growth subsiances,

No chemical alternatives to the natural gibbesilling or abscisic csid are commerciaily .

available, but some natural gibberilling are extracted from culivred fungh ind are

availab!e for ueg. as gxogenous regulants. However, several <lasses of chemicals,

which ate hlgh’{y effective in blocklng the synthesis of glbbereihns within the plant ars

very eh,.)ctwe f,zrw!h regulators, They are usuaily termed antl-gibberﬂhns or growth

retardants.

Exogenous cthylene can be used ag a.g:owth regulant, but, being a gas; 1t is difficuit to
adzmmster and control the available concentration. __,;',f'

il
i

) . ' - if '
Growth and morphiogenesis # vitro are regulated by the intgféwtion and balance
between the prowth regulators supplied in the medium, and tlf:';a growth substances

produced endogenously, The effects of growth regulators are_éenerally not absolute

and specific - the responses of cells, tissues and organs in vitro can vary according to

cultural conditions, the tybe of explant and the plant genotype*((ieorge; 1993),

{1} Auxins Ve

/4
/.
These are very widely used in micfbpropogation and arefircorporated into nutrient

media to promote the growth of callus, cell suspensions or organs and fo regulate

morphogenesis, especially in conjunciion with cytokinins (George, 1993).

Compounds are called auxins if they are capable of controlling various distinctive

processes such as cell growth and cell elongation. Auxins are capable of initiating cell
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- division and are involved in the formation of mesistems giving rise to either

unorganized tissue, or defined organs. In organized tissue, auxins are responsible for

bt
N
iy
o
P

the maintenance of apical dominance (George, 1993).

TS

‘Fhe most commonly detected natural auxin is IAA (3-indotyl-acetic acid), whicl is
. formed from the amino ackl Trvptophan (L-tryptophan can act as an auxin
‘replacoment in some plants) (George, 1993). | B

Auxins dgre thouglit to promote the growih of plant tissnes in two ways. Firstly, by
inducing the secretinn of hydrogen ions into and through the cell wall,  Potassium
ions are taken into the cell to counteract the electrogenic export of HT ions (protons)

and this has the effect of decreasing the water potential of the cell so water enters and s

vl

the cell expands. Secondly, binding of auxin to the cell membrane may lead to lipid
E T -

breakdown and acidification of the cell h. _licressing its extensability. The first

explanation however is now commorly accepted as a more favourable explanation for

the rapid growth stimulating effect of auxin (George, 1993).

The second mechanisim by which auxins ate thought to promote growth is by an offect
on RNA metabolism, possibly by inducing uanscription of specific mRNA moiacules,

which are thought to encode proteins wiich are required for sustwined growth

/5 -

VY,

(George, 1993).

[
O
} H Applied auxins seem to be capable of erasing the genetically programmed physiology
; of whole plant tissues, which had previously determined their differentiated state.
-:L | I Cells which respond to auxin revert to a dedifferentiated state and begin to divide (how
@ | I this reprogramming is achieved is not completely understood) (George, 1993),
|
i The auxing most commonly used in tissue cultures are: _2.4-1'} 2,4-
' dichlorophenoxyacetic acid), IBA (3-indolybuiyric acid); NAA (1-napthalene acetic
ol a

]
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acid) whicih are synthetic; and TAA (indolyl acetic acid), which is natural. Together

with cytokinins, 2.4-D is used 'primani'iiy for callus inductios and suspension culiures,

being repiaced by NAA and IBA when morphogenesis is required. NAA aud IBA are
favored auxins for shoot culture... The process of somatic embryogenssis is often
initiated i media containing high levels of auxins (especially 2,4-D), but embryos do
not develop fusther until the auxin concentration is reduced (George, 1993).
]2]Cytokinins

Cytokinins are often used in conjunction with auxins to stimulate cell division and
morphogenesis in tissue cultures. When added to shoot cu!tureé, these compounds
overcome apical dominance and release lateral bids fiom this dominance, therefore in
this respect, they appear to have an opposite effect to endogenous auxins (George,
1993}, Kinetin was the first cytokinie to be isolated, aithough this does not appear to
be a naturally occurring cytokinin, but is believed to have been formed in the original
isolates by siructural rearrangement.of another compound. To date at least 25 naturzil
cytokinin plant growth substances that are structurally related to kinetitr have been
identified. Two- suqh compounds routinely used in plant tissue work are zeatin {4-
hydroxy-3-methyl-irans-2-butenyluminoputine), of which only the trans configuration
has cytokinin activity, and 2-iP (Néfn-isopcntyl)adenine). There are sevéal chemical
analogs of natural cytokinins, apart from kinetin, that are highly active as cytokinii}s.

Along with kinetin, most cormmonly used are BAP (6-benzylaminopurine), and PBA |

{6-(benzylamino)-9-(2-tetrahydropyranyl)-9H-purine).

The mode of action of cytokining is uncertain, but in fissue cultureé, their effects
appear to be necessary in plant cell division. \\E‘Callus proliferation from the tissues of
most dicotoledonous plarits is usually thought te require the presence of both an auxin
and a cytokinin. A low concentration of cytokinin (typically 0,5 - 2,5 QM) is ofien
added to the media for the induction of embryogenic callus, especially in broad leafed
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plants. There is however, some evidence to suggest that cytokinins may inhibit
embryogenesis in monosots. Tn fact the presence of endogenous cytokining may be
responsible for the inability to obtain'embryogenesis in soms genotypes. Cytokinins

. are very effective in promoting direct or indirect shoot iritiation and are routinely used

)

in commercial micropropogaiion.

1.4 Initiation and maintenance of callus, suspension
cultures, and sematic embryos

" 1.4.1 Callus,

o

A callus, consisting of an amorphous mass of loosely arranged thin walled parenchyma

cells, arising from the proliferating cells of the parent tissue, can sumetimes be induced
to-form as 2 result of wounding, (e.g. at the cut end of a stem or root). Callus can also
be induced by certain microorganisms (e.g as a result from infection by ;

Agrobactersum }hizogenesis). Callus formation has been observed to occur naturally . '

.=

in gymnospeﬁns, ferns mosses and fiverworts. - . .

if

In vitro initiation of callus can be achieved by placirg small pieces of the whole plant

n . AP . .
" L. . . L
. e = . X .
h ) ot = .

PN, {explants) onto a growth supporting medium under sterile conditions. Under the
;l H

stimuius of endogenous growth substances or growth regulating chemicals added to

the medium, the metabolism of celi’é is changed and they begin active division. During

; . this process, cell differentiation and specialization, which may have been occurring in

”MIE

the intact p}ant, are reversed, and ithe esplant gives rise to new tissue which is

L~

composed of the meristimatic and {mostly) unspecialised cell types typical of calius

(George, 1993).

’/‘"—

fF
S e e b L e i SRR T R T T —b M N AT AT B e T A xx —“«‘w“-m"" TTONTLSE AT SR e, T e L R



S T

21
# y
Many parts of a whole plzat may have an uitishate "botential to prpliferaie in vitro, but
it is frequently found At callus cultures are more easily established from some organs
than others. Young meristimatic tissues are most suitable, but meristimatic aress in
older plants, such as the cambium, can give rise to callus. ‘The chvice of tissues from

which callus can be started is grestest in dicotyledonous species (George, 1993).

The general grawth characteristics of & callus involve a complex relationship between
the plant material used to initiate the gallus, the composition of the medium, and the
environmental conditions d;iring the incubation periogi. Establishment of a callus frbm
the explarit can be divided roughly into three deveinpmental stages: induction, cell
division, and differentiation. During the initial induction phase metabolism - is
stimulatéd as the cells prepare for division. The fength of this phase depends mainly on
the physiolog_ical. status of the explant. ceils as well as the cultural conditions

.. Subséquent!y, there is a phase{:of' active cell division as the explant cells revert to a
meristimatic or de-differentiated state. The third phase involves the appesrance of
cellular differentiation, and the expression of certain metabolic pathways that lead to
the formation of secondary products (Dodds and Roberts, 1985).

In regard to callus anatomy, there is considerable variability in the exient and type of
‘::ellular differentiation. A homogeneous callus consisting entirely of parenctivma is
rarely found. Cytodiff‘erensiatibn dccm's in the form of tracheary elements, sieve
clements, suberized cells, secretory cells, and trichomes, Small nests of dividing cells
form meristemnids, or vascular nodules, that may become centers for the formation of |
shoot apices, root primordial or incipient _eﬁb:yos. Vasculat nndules tynically consist
6f discrete zones of xylem and phloem separated by a dj-hnbium. The location of the
nodules within the callus can be modified by altering the composition of the medium

{Dodds and Roberts, 1985),
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The catlus formed on an original explant is called the primary callus. Secondary cailus
cultu?es are initiated from pieces of tissue dissected from primary callus. Subculture
can therefore be continued over time {sometimes over 2 number of years), but the
longer callus is maintained, the grodter is the risk that the cells wﬂl suffer genetic
changs (George, 1593).

Generally callus tissue is not of one kind. Strains of callus differing in a;ﬁpearance,
~ colour, degree of compaction and morphogenic potential commonly arise from a single
explant. Some callus growths are heavilz; lignified and hard in te.xture;ri»-';&-eés others
break sesily into small fragments. Tragile growths that readily separate are termed
friable cultures, and this type is us.:fly selected for initiating suspension cultures
(Dodds and Iéabens, 1985),

The first successful prolonged cultures of esperimentally induced callus wefe achieved
almost simultaneously in 1939 in the laboratories of Gautheriet in Paris, Nobecourt in
Grenoble, and White in Princeton. These cultures were originally derived from the

expiants of cambial tissue of carrot and tobacco (Dodds and Roberts, 1985).

_.‘
‘
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The most important characteristic of callus, from a functional vieWpoint is thut this
abnormal growth has the potential to develop normal roots, shoots and embryoids that
* can form plants(Dodds and Roberts, 1985).

1.4.2 Suspension culture

Cell, or suspension culture;i are usually initiated by placing an inoculum of friable caﬂus'
in liquid medium. Using agitation, single cells break off’ and, by division, form cell
chains and clumps which fracture again to give individual cells and small cell groups
(George, 1993).
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~ A suspension culture originates with a random critical event - in which some celis

undergo » uansition in metabolism and growth, to produce a cell line. Some of the
characterasucs of a cell line include: a high degree of cell separation; homogenous celi
morphology; distinct nuc!ei end dense cytoplasm; starch granules; relatively few
trachery. elements; doubling times of 24 - 72 'ws; loss of totipotency, hormone
habimation and increased ploidy levels (King, 1980). Suspension cultures vary

considerably in the expression of these and other cell line characteristics.

Plant cells have a natural tendency to adbere together, and this makes it impossible to
obtain suspensions which consist of only dispersed single cells. The proportion and
size of small cell aggregates varies according to piant variety and the medium in which
the culture is grown (George, 1993)

The degree of cell dispersion in eultures is particularly susceptible to the concentration
of growth regulators in the culture medium. For instance, auxin increases the specific

activity of enzymes which bring about the dissolution of the middle lamella of plant cell

walls, Thus by using a relatively high conceniration of an auxin and a low .

concentration of a cytokinin growth regulator in the culture medium, it is usually
possible to increase cell dispersion. However, high auxin levels will also ensure that
the cells remain undifferentiated, and this is not always desirable (Narayanswami,
1977).

The growth of plant cells is more rapid in cell suspension than in callus cultures and is
also more readily controlled because the culture medium can be easily amended or
changed. Organs can be induced to develop in cell Suspensions: root and shoot
initiation usual commences in cell aggregates, whereus somatic embryos may arise
from single cells (George, 1993).

he A AT R g My e s -2 R R gt T ey T T e p e o s —eaern




ey F

24

Many different methods of suspension qjﬁlmre have been developed, ang gencelly fall

into two main ty;:iqf_’“--;l.] Batch cuitures, in which cells are nurtured in a f:ad volume

of medium until gréwth ceases, and 2.1 Continuous culiures in which cell growth is

maintained by continuous replacement of sterile nutrient media. AY techmiques utilize

- some method of agitating the culture medium to ensure cell dispersion and adequate

gas exchange (Ceorge, 1993).

Tg,\initiate a suspension culture, approximately 2 - 3g of callﬁs is required to serve as
the. inmocutum, per 100mt suspension medium, When the plant material is first placed
in the medium, there is a lag period prior to any visible signs of cell division.
Thereafter there is an exponential risél in cell number, which usuafly becomes lineay,
followed by a gradua‘l derrease in the cell division rate. Finally the cells enter a
stationary or non dxwdmg stage. In order Yo maintain the viability of the cells, the

' culture should be subcultured early durmgﬂ%e}statmnaly phase, or during the phase of
. decelerating celtular division (Dodds and Roberts, 1985). |

1.4.3 Somat__ic embryugenesis

New organs such as shoots and roots can be induced to form on culfured plant fissue,

in a process known as morphogenesis. Tt is also possible to obtain embryos that are
structurally similar to the embryos found in true seeds, from cells or tissues of the plant

body. These are known as somatic embryos and develop via the process of sorr£nc
embryogenesis.

Morphogenetic meristems (from which organs or somatic embryos fofm) cai
theoretically ocour in either of two distinct ways: 1.] from the differentiated cells of a
newly transferred piece of whole plant tissue, without the proliferation of
undifferentiated tissue, and 2] from the unspecialised, uﬁorganized and

dedifferentiated cells of callus tissues and suspension cultures, These two methods of
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- morphogenesis are described as direct and iudireet, respectively. In practice, howeyer \?
it is not always possible to distinguish detween the two methods (Ficks, 1980).
N Ny |
Embryos can be distinguished from adventitious shoutsxbu\ use they are bipolar,
having beth a root and a shoot apex and cotyledorﬁ pr a coleoptile and a scutelium in

<t

monccotyledons) of a similar wnat:on to that found in zygotic embryos of ihe spec;es
in question. Somatic embrycs neariy always avise superficially on callus and, havm’g no

vascular commectioy mth the undefri** harental tissue, are detached easily from the

"c_.

surrounding cells (Geor 8, 1993) - "

i}

1

It is generally agreed ihat somauc embryos are formed from cells wlnch ane typically

.mensfﬂ'mauc and are merefom umllke the characteristic vacuolated parenchymatous

 cells found in callus and suspension cultures. These embryogenic cells have denge -

P

cytoplémn and large nuclei and often contain many starch prains (McWiliiam ¢! ol.,
1974). It has however not yet been resoived whether embryogenic cells, anti heitce
somatic embryos, always originate from single determined cells, or if they sometimes ~ °

have a multicellular origin (George, i993)._

: AN A R o RO o .'.'\.'.. g
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Somatic embryogenesis was first observed in suspet n. cultures of carrot Danii>
carota L. (Steward et al, 1958). In that species the pmces§ reguires some callus -

proliferation before ?mi:rf;os arise from induced embryogenic cells within the callus

ur, .

(Hicke, 1980). Although individual carrot- cells are totipotent and therefore carry all .

——

the genetic templates necessary for the de"e!opment of the whole plant, isolated single

cells do not generally become transformed into embwos by repeated divisions,

Embryoids are initiated in carrot callus from superficial clumps of cells associated with
highly Vacuolated cells that do not take ;art in enbryogenesis (Dodds and Roberts,
1985).
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Each developing ambryoid passes through the sequential stages of embrye formation,

ihat is, the globular, beari and torpedo stages. Two critical events are involved in the -

early programming of this process - the induction of cytadifferentiation of the
proemt ;oid cells, and the unfoiding of the developmental sequence by these

proembryoid cells  Although a given culture may differentiate these cribryogendy cells,

their further dovelopment may be blocked by an imbalance of chesnicals in the culture

fudiom.  Abvormalities known as embryonal budding and embryogenic clump
formation may occur, if differentiated embryogenic cells are subjected to relatively high
feve!s of auxin, Consequently, two distinetly different types of media may be required,
one medium for the initiation of the embsyogenic cells, and another for the subsequent
development of the foﬂs into embryoids. The inductior medium must contain an
auxin, whilst the -ﬁecbnd medium gencrally consists of a mixwre with a lower

concentration of the same auxin, or lacking auxin (Dodds and Roberts, 1985).

Suspensior: cuitures of carrot mainiained in a liguid medium (MS), containing the
auxin 2,4- D, continue to grow as undifferentivicd collus cells, but when subcultured

into the shae niedium without auxin, differentiation begins and embryiods develop

{McWilliam ¢7 af,, 1974). Tt appears that the most important chemical factors involved

in the carre . Juction medium are auxin and redured pitrogen. The role of cytokinins
in embryogenesis is somewhat obscute because of conflicting resvlts - although zeatin
{0,1 uM) stimulates embryogenesis in carrot cell suspensions during the auxin free
subculture, the process is inhibited by the addition of  cither kinetin or
benzylaminopurine (Dodds and Roberts, 1985).

Supplementing the madiut. with activated charcoal has facilitated émbryogenesis in
several species, including carrot where the addition of 1% w/v charcoal resulted in
embryoid development where previous auxin depletion had failed to produce the

desired results. This may be due to adsorption of a variety of substances inhibitory to
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embryogenesis, in particular phenylacetic acid and benzoic acid derivatives by the

"-chareoal (Drew, 1979).

In general, embryogenesis ocous's most readily in short terin cultures, ang this abiiity
decreases with increasing duration of culture. Embryoid formsation begins in carrot
cultures about 4 - 6 weeks after isolation of the tissues, and an optimum embryégc—.nis
potential is reached after about 15 weeks, ...v the embryogenic potential has

apparently been lost following 36 weeks in vitro, the carrot cultures can cace again be

induced to produce embryoids by transfer to an appropriate medium (Smith and Street, »

1974).
1.4.4 Strategies for extending culture nreservation times,

Germplasm conservation using tissue culture usually invelves the culture of shoots'or
whole plantiets. The planté cannot be maintgined in-culture indefinitely, as after a
period of time the material will have 'to be subcultured, Submlturixig becomes
necessary when the physical size of the-plént becomes to great for its container, or
when ioxic meiabolites, resuliing from the growth of the plant in a sealed container,
becomes deirimental to the grdwth. After a period of time the medium will become
exhausted, or will dry out, which also necessitates rep}gcement of the medium. The
interval (or passage) between subcultures primarily depends on the rate at which the

culture is grown. The interests of germplasin conservation are best served if the rate

- of growth is minitized {George, 1993). This is because each subculturing iniroduces

s risk of contaminating the stock, and the labour costs are reduced by increasing the

interval tinie between subcyltures.

The interval time between subculturing can be exiended by making use of two

anproaches, viz.,- usicg growth retarding compounds, or applying growth retarding
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- conditions, A variety of growth retarding chemicals, for examp!» maleic hydrazide or

abscisic acid (ABA), have been used to reduce the growth rate of i vifro plantlets.

Afternatively if the tissue cultures ave grown at reduced temperatura, (above freezing)
jor example 1.9 C, the growth rate and oging can be significantly slowed but not
stopped. This however is not possible for all species (Bhajwoni, 1990). A similor

effoct can sometimes be achieved by providing low ¥ght conditions, low oxygen

conditions, or simulating water stress by adding osmoitically active, but otherwise inert

compounds into the artificial medium, {e.g. polyethylene glycol or nuunitol). -
This approach can reduce the labour related costs associated with subculiuring,

aithough one problem may exist in that over time the stressful conditions may select

for particular strains better equipped to tolerate the stresses, and thereby deféatii}g the

ubjéct of germplasm preservation. This method of germplasm sfomge is congidered a
short term solution, as cultures usually loge viability after o time cheracteristic to the
species, with 10 years being the Jonges: culture time achieved so far (Bock and Marsh,
1988). Additionally, some risk of loss must accrue at each subeulturing operation and
during each storage interval. For truly satisfactory long tenn storage, methods are
needed that efiminate renewal operations by suspending growth(Bock and Marsh,

1988), and this is one of the aims of the present exprerimentation, 3}_-

:»;:;i

15 Cryopreservatioﬁ

The fiveze preservation of plant celis and tissue is a relatively recent approach to

germplasm conservation which may provide the means for long fterm and stable
germplasm storage. The principle underlying the freeze preservatioa basically involves
bringing the cells to a state of inactive metgbolism or “suspended animation" by
subjecting the relle/tissue to super low temperatures, i.e.- at or near the temperature of

liquid mitrogen 196" C). This is known as "crycpreservation” (Sen and Giles, 1983).
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At this temperature, cell division is completely arrested aid metabolic activities

[

immobilized. ' - BRI

The chances of successfully freezing, and then thawing bivlogical tissue whilst still
retaining viabﬂity appear to ba inversely related to the;size of the tissue specimen. This

fact makes the successfil freeze preservation of cell suspensions or cell culiures the

easiest 10 achieve. However, suspension cultured: plant cells or callus are less than

ideal material for the purpose of germplasm presetvation because of genetic changes
which may occur duriné growth befors and after ficezing. For this reason, the
emphasis has shifted / the storage of shoot &:pzces, asexual embryos, ‘and young
plantiets (Bhajway 96). : |

Dy seélds remain ‘dormant because living cells become metabolically inert when
deprived of water-in the liquid phase. Biochemical teactions which ase dependent on
the presence of water are then sus-2nded, especially if the seeds are also stored at low
temperature. In iheory, the withdrawal of water should permit plant tissues other than

seeds dnd zygotic embryos, to be stored (George, 1993).

Nearly all the ﬁamage that may result from the transfer of cells o very low

temperatures, or suhséquent thawing, is a consequence of their water content, or, more

sprcifically, intracellular ice crystal formation during cooling and thawing, A possible
exception is the damage caused by interference with biochemical or biophysical
pathways during te:nperéture reduction (George, 1993).

Intracellular ice formation oceurs at random temperatures during cooling and, in soine
systems, at.ran¢pm times in an isothermal system (Pitt, 1992; Macfarlane et /., 1992).
The possibie x;igcharﬁsnls by which. intraceliular ice formation can occur are
homogenous nucleation, hetemgeneous nucleation, o seeding by the extracelluiar ice.

Homogenous nucleatlon of i me is the spontaneous generation of new crvstal nuclei in
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the liquid without the assistance of a foreign surface. Hé_terogelmtus pucieation on the
other hand refies on the presence of intracellular nucleating agent.s. and this can be any
biomolecuie. The molecular sis for seeding by the extracelluar fce is not well
understood, but it has been prn;n\\i:seq_ that the intracellylar ice formation occurs ag a

consequence of ice crystal growth through aqueous channels in the plasma membrane,

Living cells are seriously damaged by the internal formation of ice crystals which
rupture cell membranes, notably the plasmalema and tonoplast. The mein objective of
cryopreservation protocols therefore must be to change the physical state of water
within cells to a frozen, glass like condition (which will not cause membrane damage)
without crystatlization or excessive cellular dehydration. The transformation of water

from a liquid to a solid glass like phase is calied vitrification (George, 1993).
1.5.1 Slew/stepwise freezing

For a given set of cell characteristics there exist a range of cooling rates above which
intracellular ice formation becomes probable . At lower cooling rates, a different
mechanism of injury, often ascribed to cell dehydration, becomes predominant. Hence
there exists an optimum rate o:” cooling for cell sucvival (cooling rates far zbove this
optimum rate can also be sufficiint to avoid lethal ice crystal formation - see ultra fast
freezing). The devel.opmem, -aerefore, of a conventional cryopreservation procedure
for a given cell type includes a determination of the optimum cooling rate which

minimizes the intracellular ice formation (Pitt, 1992).

_The response to the rate of freezing is dependent on the size of the sample being

frozen, and great variation in response is shown by different species. To date, slow
cooling (bringing about protective dehydration), bas been the most successful
approach to cryoprotection, This involves a freezing prograni with cooling rates of

between 0,5% and 2.0° C/min to between -30° € and -40°C, and holding at ilmt
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temperature for beiween 10 -« 60min, before plunging into liquid nitrogen. There is
little evidence to suggest that the rate of freezing below ~40° C has any effect on the
success of the procedure (Vasil, 1984).

One of the problems with the slow freczing appmak:h is that expensive equipment is

required, and a universal fieezing protocol does not exist for all spacies - requiting new

proiocols to be developed with each species to be stored. Additionaily; not ali plant

species can be stored using the slow freezing appreach - for example, recalcitrant seed

embryos which are wet and desiccation seasitive (Berjak e al., in press)

Other freezing methods include rapid stepwise reductions in temperature until the
tissue has reached -40° C, or rapid freezing by direct immersion into liquid nitrogen.

Neither of thesc techniques have been as successful as the slow freezing approach.
1.5.2 Cryoprotection

At present it 8 very difficult to freeze biological specimens to sub-freezing
teraperaturps without adversely affecting the viability. The utiiizati%n of chemicals
with cryoprotective properties paved the way for the development of effective
cryopreservation technigues, the most important of these "cryopreservants® being
glycerol and dimethyl sulphoxide (DMSO) {Withers, 1979),

Substances acting as cryoprotectants are said to depress both the freezing and
supercooling points of pure water, thereby reducing the amount of water available to
freeze (Mycock, Watt and Béxjak, 1993), Often these cryoproteciants are more
effective if used in combination. Ancther possible advantage to using the
cryoprotectant DMSQ (by virtue of its fiee radical scavenging activity) is the

arotection afforded it against dumage from free radicals. This may be important over
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time, as free radical formatien is ono of the processes which can occur at the

temperature of liquid nitrogen (George, 1963).

The various chemicals used as cryoproteciants have Little in common except high

solubility in water. Although their mode of action is not ectirely clear; it is believed
their action may depend on an atylity both to reduce the concentration of salts within
Y9

ihe cell, and reduce the growth of damaging ice crystals (George, 1993),

However the use of cryoprotectanis has some important disadvantages, in that they

can be poisonous to plant tissue (e.g. dimethyl sulphonde), the extent of toxicity
varying with the type and cuncentration of the cryoprotectant, and. the plant species in
question. Additionally, it is often necessary to remove the cryoprotectant from the
tissues after wetrieval from the eryogen, which complicates the procedure by adding an

additional step, at a point which the plant material is very fragile (Berjak et al., 1993).

!

L53 Iﬂtrs;»f_ast freezing

" An alternative to the conventional, slow freezing, procedure has been attempted with

Braited success: This is vapid freezing, which is achieved by direct i wersion of the
plant material into liquid nitrogen, ¢.g. Mycock, Watt and Berjak, 1993, The theory
behind this approach is that if the tissue passes through the temperature range at which
lethal intracellylar ice crystal damage cccurs. sufficiently quickly, intracellular ice

crystal formation is either prevented, or only smali discreet, non injurious ice crystals

4]

form - and the intracellular contents pass directly into a vitrified state (Berjak et al, -

1995).

The limited success of this approach may not be due to fanliy logic, but because

sufficient cooling rates were not achieved in the wrperimental work, (nost commonty,

cooling rates of approximaicly several huadred ° € wore atiompted ). Following the
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ohservation that the more rapidly plant tissue can be frozen for elixstr{ih microscopical
* obsetvation, the better is the preservation of its ultrastructure, the idea was proposed
that similar cooling rates should bz atiempted for the rapid freeze pmtoéois in
cryopreservation, {in the region of hundreds, cr even thousands of © C p'er

second)(Berjak ef al, 1995)

The ultra-fast cooling rates achieved for the prepatation of tissue for eleétt.'on
microscopy (EM) are made pqssible by the extremely sinall volufnes prepared for EM.
The, plant material most uset‘ui in myopresenﬁtion is usually of a significantly iarger
volume, and therefore the negative effects of this increased volume must be
counteracted m some way. Sufficient cooling rates m:ght ‘be achieved if thf: rate of
inmerzion into the cryogen is increased, and the insylation (provided by the“vefgsei in
ﬁhich the plant materia;\is contained), is minimized. These ends may be achieved by

: rapid propulsion of naked plant tissue into the eryogen (Berjak of al,, 1995).

Aside from sate of cooling, ancther very important varisble to consider concerning the

survival of plant material subject 1o sub-zero temperatures, is the moisture content,
Previous research involving direct immersion of plantlets into liquid nitrogen has

shown that the desiccation of plantlets was very important, The extent of desiccation

was also critical, with certain limits of moisture, above or below which the plani will

Ty

not survive (Bajaj, 1987; Mveock eral 1993).
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2. Aims and objectives

2.1 Aims

The aims of this project wore the familiavization with the initiation and culture of

callus, cell suspensions and sématic embryos, and the development of a rapid freeze

protocol for the preservation of carrot (Darcus caror) gemaplasm.
2.2 Objectives

The objectives 'underlyix;g this study were:
11 Initiate and maintain a calius culture of carrot.
2] Initiate and maintain a suspension culture of carrot.
3] Initiate and mainizin a culture of somatic embryos of carrot.
4] Determine water content of carrot callus
S) Preserve catrot germplasm by ultra fast freezing, (to -195 degrees C).
6] Recover viable germplasm by fast thawing, (to 23 degrees C).
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3. Materials and Methods
3.1 Initiation and mvintenance of callus culture - .

Callus was induced from a primary explant excised ffom the taproot of carrot (Daucus
carota). The explari was derived from the vicinity of the vascular cambium - ag it has

been demonstrated that derivatives of the cambivm divide vigorously to form exiensive

callus (Dodds and Roberts, 1985),

Alt Imateﬂals and solutions (where possible), were sterilized in the autociave machine
before use (at 121° C and 1.2 Kpi), and sterile laboratory t{echnique was employed
throughout the duration of the experiment, to minimize the possibility of infection.

The callus iniiating medium was based on that described by Murashige and Skoog
(MS medium), in 1962, The MS basal salts and vitamins were supplemented with
indotacetic acid (IAA) at 10mg/); Kinetin at 0.1mg/k; Sucrose at 3% w/v; and agar at
0.8% wiv (pH = 5.7).

The carrot (from which the external 1-2mm of tissue was removed), was sliced
transversely, into slices approximately 1,0cm thick, which were then transferred into a
beaker containing siesile, double distilled water, A 300cm? Hypochlorite solution
{prepared by adding 40%v/v commercial bleach to sterile double distilled water. - to
result in  0,5%NaOCL solution) was added to the beaker for 10min. ‘The slices were
then rinsed for approximately 30 .in 3 separate rinse beakers containing 300cm3 stesile
double distilled water to remove any NaOCL from the tissue. Short cylinders of tissue
were removed from the cambial zone of the sﬁces with & sterile cork borer, (0,5cn
diameter). These cylinders were temporarily stored in sterile double distilled water.

The final explant preparaticn step involved trimming and discarding approximately

W
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2mm of tissue from each endJ: of the oylinders (using sterile, flamed forceps and -
scalpsi), and the slicing of the rémaining eylinder into three pieces approiimat'ely 2mim
thick, These explants, measurihg approximately 0,5mm in diameter, and 2mm thick
were placed in sterile double distilled water for temporary storage while the rest of the
explants were being prepared. The explants were tinzed once more in sterile doubie
distilled water before being placed on thﬁ}f_fsurﬁme of sterile Whatman no1 filter paper -
where the bottom and top surface of eaci; expla:.t was blotted. The explants were t?’_ |
immediately transferred to the surface of the culture medium (one explant per tube).
The culture tubes were then sealed and placed in the tissue culture room, where they __
= maintained in the dark at 25°C, |

The callus was grewn for a minimum of 4 - 6 weeks, as it has previously been
determined that this is the minimum culture time necessary for the callus to develop the

potential for embryogenesis (Reinert ef al., 1971).

To optimize callus formation, and minimize bacterial and fungal contamination, this
basic protocol was modified w assess the effects of :

1] Treatment of the mother plant material with antibiotic.

2] Growth of the explants on callus initiating medium supplemented with antibiotic,

3] Increasing the duration of surface sterilizatio: time

- 4] Increasing the concentration of sodivm hyperchlorite during sorface sterilization.

These assessments were carried out in a series of separate experiments, designed to
individually assess the parameters intro~uced above.

3.1.1 Experiment 1,

To nssess the effects of extending the surface sterilization procedure, as well as

treating the explanis with antibiotic, material prepared according to the original
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In order to assess the effects of the antivictic streptomyacin on callus growth, a
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protocol (Dodds and Roherts, 1985), (cuiture group 1), was oompared with cultures

baving the following mowbatmns Culture garoup 2- The surface sterilization step
| was extended from 10 min to 20mm Cultare group 3- After the external 1-2mm of

) tlS.sUb was removed from the taproat The plant material was immersed in a solution

of disiilled water coniaining streptomyacin at iomg,jl for 1hr, after which the standard

protocol was followed.

These three cultures were compared with each other, and differences in callus
initiation, storile callus initiation, and callus growth rate were assessed at 14 and 28
days. | | |

3.1.2 Experiment 2

il

comparison of sterile callus initiation and callus growth mte was made between culivre §

group 3 and culture group 4, In the latter (culture group 4) the explants were growﬁ
on callus ipitiating medium supplemented with 10mg/l streptomyacin,

3.1.3 Experiment 3.

The same comparison of sterile callus initiation and L’}allus growth rate was made

between culture group's 3 and cultures group's 5,6 and 7. These cultures were grown

to assess the effects of increasing exposure time o, and concentration of sodium

hyperchlorite. Culture group 5 was exactly the same as culture group 3, except for the
surface sterilization treatment being extended to 20min. Culture group 6 was surface
sterilized in 1% sodium hyperchlorite for 10min, whilst cu® re group 7 was surface

sterifized in 1% sodium hyperchlorite for 20min.
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All comparicens made of calius growth were carried out 28 days afier the initiation of

-

the cultures the time at which the cultures are believed to be competent for somatic
embrvogenems, (Remm ¢t ol 1971). These comparisons were made accordmg toa

"alwlated “growth index". The iargest cultures were cunsndered optimum in terms of

::;. parameters ¢uplored,.and were awarded a value of 3 (corresponding to 100%).

Those cuttures vwhich exhibited no eallug formation were coizsidemd failed cultores and

were assigned a value of 0 - contaminated cuituges were not considered in assessing

callus growth. Callus cultures which were relptively small or medium at the time of

,_‘ _ measurement ¢i.e.~ 28 days), were assigned values of 1 and 2 respectively. The values

were totaled far each culture group, and expressed as a porcentage (or callus culture

growih indey  All eultures were assessed at the same time.

?, iy

The results obtained from callus culture experiments 1,2, and 3, expressed in termss of U

4

percentage sterile calius initiation and the nurericai representation of growth (i e. the ~

]

-

W

gmwth mdex) were then represented in graphical form, The data was evaluated for

o sagmﬁcance using a student’s t-test, with a confidence level of 95% (p = 0.05).

R

After 4 weeks. of growth, the largest, healthiest, and most fiisble cultures were-

selected, and either sub-cultured out, or used to initiate suspension culfutes.

/
£

i+
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C 3.2 Initia'ion and shaintenance of suspension culture

A
i

The jnitiation of a cell suspension culture required a retatively large antount of callus to

serve us the inocutam, for example 2+ Bg for 100cm? suspension medium (Helgesén-
1679). The callus obtained from the ;nwmus step “wrved as the inotrtah for tha, &

suspension culture.
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Carrot cell suspensions wer: initisted on an M.S, basal mediuta supplemented with the
auxin 2,40, 1,0mgA and sucrose, 3.0g/t (517 = 5.7). xogenous oytokinin was not

required.

! i
S !
1 /

The msspension cultues was préparcd by adding 25l suspension inedium into 1253

Ehslemmeyar flasks.” The callus was resioved from the culture tube:; with forcegs and
transferred to n Pewi dish contoining Whoiman not filter paper.  The callus blocks
were trimmed with a sierfle scalpel, and only the young actively growing callus was
used £ the mocuium, __Eacil flask received an inoculum of about 500 - 750ing of
callus in ordet to ensure the initiation of the culure. Suspension medium was
iniroduced into the flasks which were then weighed. The flasks were weighed again
once the moculum had been introduced, so that the exact weighi Jf inoculun could be

dete~~ined while maintainiay; sterility. The incoulaied flasks were placed on a rotary

. gha. s a speed of 100rpm, under light conditions at 25° C.

”.
After suspension culture initiation, a daily assessment of cell number was made using a
haemocytometer.  Cell scparation was assisted with o chromium iicxide solution
one volume of the cell suspension, (care waé }aken to remove gny residual inoculum or
larger clumps of cells by filtering the aliquot of celis through a nylon filter, pore size
100 um), was combined with 2 volunes of 8% uqueous soltion of chromium trioxide.
The solution was heated to 70° C for 5 min, and was further macerated by repeated
pumnping through the orifice of a Pasieur pinette once the solution had cooled. The
mzcerate was thea placed on a haemocyt&heter for counting.  The rusulis were used
to prepare a growth curve of cell number vs. time, which could then be used to assess
the optimum times I‘or sub--cuiuiring of the suspension culture, as well as the optimum
time for initiation of somatic embryogenesis. According te (George, (1993), this
corresponds to the progressive deceleration phase of growth for sub-culuring, and the

exponential pliase of growth for soniatic embryogenesis.

L

.
o
%
g3
3
e
e
3
i

S IR

4
.

u

ol
e
e
T,
)
%

22

-t




& X J[ &i?e Yo o
| *
! Prior to subculture or initiation of sotnatic embryogenesis, the suspension culture was
filtered through an industrial aylon filker, (100 pm pore size) to remove the residual
@ inoculom and larger clumaps of cells, x,a

Somples of callis and suspension cultwes were examined using phese contrast, and

Mamorski interference microscopy so that the cells could be evalunted for average cell

sizes, relative deasity of cytoplasm and overali morphology of the cells it culture.

.

3.3 Somatic cmbryogenesis

Petri dishes, in which somatic embryos were grown, were prepared to accept the cell
suspension. The embryo generation medium comprised of MS basic salts and vitarains
supplemented with zeatin, 0.2mg/l; sucrose, 2% wiv; and agar, 1% wiv [pH = 5.7},

(Dodds and Roberts, 19§3). This mediom containzd no endogenous source of euxin,

Aliquots of 2ml carrot suspension culture were added to 1)~ surface of the medium in
the Petri dishes. The dishes were sealed with parafitm aud left to incubate at 25 ° C, in
the dark . ,‘ "

i s

Observations were made on the developing embryos at weekly intervals, using the

— dissecting microscope and representative photographs taken of each developmental
- stage, progressing from the induced embryogenic cells to the globular/casly beart shape
o :

stage.

The embryoyeizic potential of the suspension cultures was determined 6 weeks after

initiation of embryogenesis by visual inspection of the embryoids. The number of
embryoids present was determined by placing the Petri disk over a black card with

1em? grid lines to pid in counting, This information was used 1o calculate the average
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3.4 Cryopreservation.

: | ' 4i

embryogenic potential per ml. of suspension culture, which in twrn was used for

expressing the posential per pram of calius used for suspension culture initiation.

Somatic embryogencsis in catrot can also be induced divcetly from caltus. This was

attempted 80 as to contrast the viability of embryogenesis directly from the callus with

enduvogencsis from suspension cultures.  Healthy blocks of callus wreighing
approximately 500my were troasforred onto fresh wedivin, consisting of (e same

ingredients as calius induction medium, oxcept wiih no auxin. This callus was lcit 1o

incubate under the same conditiens as tha prévious callus culture.  The amownt of

embryoids formed was determined visually, and scored as the amount of embryos

formed per gram of callus,

I

3.4.1 Determination of ‘water content and establishment of drying
curves. | o

o
Lo
-

Blocks of callus (5 - 10mg) were trimmed from the stock callus culture, these were
then left tu dr-y, in the laminar flow hood. The sample weights were determined at 10
minuie inturvals, and - the loss in weight at each interval was considered equivalens to
the water lost during dehydration. These callus blocks were then placed m a
convection oven at 80° C for 24 hys (after which time the tissue was devéid of all
freezable water). The callus was then weighed again, and the difference in weight
fiom the hydrated callus, {d.e.~ the weight of 100% of the freezable water), vvas
determined. The percentage water loss due io dehydration can then be worked ot

and a drying curve set up. " R
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3.4.2 Cryooreservation of callus without prior treatment (controd),

_.,“_

Blocks of callus (5-10mg) were trimmed from the stock eallus culture, which had been

—

plac__ed on the non-absorbest surfece of a sierile perspex disposable Petri dish lid, ;i
i which served as the cutting platform, éf

Tmmediately after sepavation, the individual callus blocks were placed inside wire mesh

baskets and thrust into the liquid nitrogen cryogen. The wire mesh baskets allowed for

instant exposurc to the cryogen, and the baskets further assisted in the maintenance of

a sieep temperature gradient by acting as a heat sink, (because of the heat conducting

nature of the 1ﬁt3ta.l baskets), for the insuiating layer which would tend to form arcund

the tissue (Mycock ef al. 1991).

The callus was left in the dryogen for 5 minutes, after which time it was transferred

directly into liquid callus initisting medium (identical to the M.S. based medium used in

callus culture, without agar) for thawing. The thawing medium was mainiained at 25 Ve A

degrees C, and was subject to vigorous ngitation during the thawing process.

t After 60 seconds in the thaving medium, the calius samples were removed from the, ' % &‘” .
{I wire mesh baskéts and placed on Whaiman no.1 filter paper, to remove the adlering | §
s layer of thawing medium, and were then transforred onto solid callus culture medium, f
P ! in tissue culture tubos. .

R The callus was then placed for incubation at 25° C, in the dark.

To control for the effects of cryopreservation, additional callus blocks were _f“trﬁated in

! exactly the same way as described above except for the 5 minute immersion in liquid

nitrogein.
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This experiment. as with all subsequent cryopreservation experiments, was performed

on 25 individual caltus blocks and repeated twice,
3.4.3 Dechvdration and Cryopreservation of callus.

Callus blocks were prepared as describext above. Prior to immersion in the cryogen,
the callus blocks were placed on a drying platform (again the non absoibent lid of a
perspex petri dish), which was placed in front of the air filter of the laminar flow

bench. The air flow rate was maintained at a constant rage.

- Three separate dehydrating procedures were performed, at 10 minute, 20 minute, and
| 30 minute exposure times. After dehydration, the callus was czyopreserved and
N cultured out as riescribcd.abwa. Again, the experimental controls differed only in that
they were not frozen in liquid nitrogen.

3.;3.4; Cryoprotection, dehydration and Cryopreservation of caltus,

This experiment was carred out in the same way as the dehydration and

- "Cryopreservation experiment except that prior to immersion in lquid nitrogen, the
callus blocks were soaked in a cryoprotectant of glycerol. Thus the efficis of
cryoprotection with glycerol, as well as the effects of debydsation after treatment wiii

giveerot could be assessed.

The treatment in glycerol was carried out in two steps © The callus was first soaked in
an aqueous solution of 5% wiv glycerol for 15 minutes, followed by 2 second soak of

15 rinutes in arcaqueous solution of 10%w/v glycerol.
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! 3.4.5 Assessment of Cryopreservation Experiments, §
: » [ / . N - AT
'I Continyous observaiions were made on the cryopreserved material, as well as the 4

controls over & 4 week perfod. The controls were assessed for percentage survival and
the time taken for the control calies blocks to double in volume - to provide a

I reference for the cffects of eryopreservation on regenerating callus growth raic.
i _ 2.4.6 Data collection.

The cryopreservation experiments were all terminated after 4 weeks. At this point all
!’ cultures were assessed visnally for callus growth, those samples which had definitely
I resumed growih were scored as havisg mcceﬁﬁxll_y survived tim cryopreservation
il procedure (or, in the case of controls, survived the isolation procedure) - and this was

expressed as a percentage survival.

Since the other samples may Lave survived cryopreservation, but not yet resumed
growth, for had not yet grown enough for visual detection), these samples were
subject to a determination of cell survival using the Triphenyltetrazolium Chioride
method (Towill and Mazur, 1975). This test is based on the fact that living cells
produce formazan as a resuli of the reduction of triphenylietrazolium chioride -
resulting in the release of a pink colour.  The tetrazolium reagents accept electrons
from the electron transport chain of the mitochondiia; resulting in conversion of these
oxidation reduction indicators being conve\_:__cted formazan precipitates. There is a close
correlation between the amount of ﬁirma;an produced and the percentage of viable
cells in the sarhple (Dodds and Roberts, 1985). This test was performed separately on
esplants which had been determined as having survived the cryoprotection (above), as

well as those explants which were either dead or in lag phase, Explants from each

separate cryopreservation experiment were pooled and then subject to the test.
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The procedure involved the following steps'

17 Place 30 mg of tissue sample per 1m! solution of ¢.6%" triphenyl tetrazolium
chiloride in & bufler costaining 0.05M Na2HPO4, 2120 and 0.05M KH2PO4,

21 Incubate for: 15h af 30 degrees C. | '

3] The TCC solation is drained off and the tissue washed with distilled water.

.41 The tissue is then exivacted with 2 volumes of ethanol (9324) in a water bath at 80
degrees for 5 min, |

3] The extract is ther cooled and diluted to 3 original tissue volomes with 95%

ethanol. °©

6] The absorbency {of the formazau) is measured with a spectrophotometer set at -
530nm.  The amount of formazap produced by the frozen cells is expressed as a

percentage (survival) of formazan produced by the control {unfrozen) callus.
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4. Results and Discussrion |

4.1 Callus culture initiation and maintenance,

4.1.1 Coallus initiation,

The first culiure to be initiated was conducted according to the published protocol of
Dodds and Roberts, {1985) and was completely unsuccessful. There was no indication

of callus formation after two weeks, and 100% bacterial contamination (obscrvable

after ﬁppmximately 1 week). The ﬁeshhess of the mother plant material used in that

experiment could nov be guaranteed, with the possibility that the plant matesial was

| senescent, consequently the results of this culture group were disregarded. In all

. subsequent experiments, only mateﬁai which had been harvested on the day 6’[‘_

culturing was utilized,

A sccond culture (cuiture group 1) was iniﬁated, also according to the published

protocol of Dodds and Roberts, (1985). FHowever problems with bacterial
contamination .persisted, aﬁd therefore- in an attempt to improve the sterility of the
cultures, the effect of increasing the exposure time 1o sodium hypochlorite (culture
g;'mm 2), and the effect of soaking the mother plant material in streptomyacin at
10mg/1 for Thr {culture group 3) were compared with the unchanged protocol in terms
of callus initiation (experiment 1). |

[}

[1] Esperiment L

The results of experiment 1 gte Suzamarized in figuret.

S
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Figure 1. Percentagé callus initiation fi- 11 carrot root material

cuiture grou;i 1: Standard, unaitered protoéol (Dodds aﬁd Roberts,
- 1985)
culture group 2: Surface sterilization time extended to 20min, 0,5%
Qodium hyperchlorite.

culture grou_p/}: 1hy pre soak in streptomyacin at 10mg/ml

* tndluites significat differencs to pervious culture groap (3= 0,05)

After 14 days, there was ej;idence of callus formation in 15% of culture group 1, this
figure was not significantly different from culture 2 (17%), in which mother plant
material had been exposc:d to sodium hyperchiorite for an ad&itional 10 minutes. |}
However, a marked improvement in the percentage callus development was observed
in culture group 3, with 100% of the explants showing signs of callus initiation.
Bacterial contamination still presenied a large problem. Contamination developed in

culture groups 1 and 2 along with the initiating caltus, which can be seen in plate 1,

(iii) - where callys formation can be seen in the infected culture, A more meaningfil
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consideration in th. present expatimentation would be of sterile callus initiaticn. The

three culture grouy's were thesefore compared in terms of sterile callus initiation, fig. 2.

* indicater signiffcast differsnce to pevvims cultave proap (p=10.05)

It was evident that increasing the exposure time of the mother plant material to sodium

hypeich]oﬁte did not confer any advantage to achieving sterile callus, with neither
~eulture groups | nor 2 yielding any usable callus.

Treatment with Streptomyacin was very successful in terms of the initiation of sterile

callus, with the optimum result being observed.

100
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| 1 5 -0 ) : . : T,
fulivre group
h | ! Figure 2. Percentage stevile calius initiation from carrot root
' ! material, w
_ | y |
. ! culture g@up 1: Standard, unaltered protocbl, {Dodds and Roberts,
198%) ] _
‘ ! culture group 2: Surface sterilization time extended to 20min, (.5%
) ! " sodium hyperchlorite.
o g culture group 3: 1hr pre-soak in streptomyacin at 10mg/ml,
1
5
|
i
1




WA ews s wRE | s e oW

a

- L, s CoLoE

i  wE

[2] Post contamination sterilization

h [3] Pre contamination sterilization,

 results, especially in light of the resuits of group 3.

[l
3

An attempt was therefise made to eradicate the bacterial infeztion in those cultures in

bl

‘which callus initiation had occwrred by soaking the explants in 0,5% sodium

hyperchiorite for 5 minutes. However the callus cultures were very fragile, (with very
thin celt walls), and this treatment proved foo harsh for the cxplants, alt of which died.

-

This supgested that prei:ention of bacterial commtﬁnq/c;h, rather than cure is a
Cund _
favouraz‘.aié approach to yielding sterile callus.

It was observed thut the bacterial infections were almost certainly a result of an
endogefious bacterium resident in the plant material, since it occurred in 100% of
culture groups Vand 2, and had identical growth characteristics and morphology, (see

plate 1, iii and iv). An ex vifre « .otamination could not account for the observed

b

Ty

“Another argument for the contamination arising from endogenous bacteria, was the

failure of sodiva hyperchlorite (a very effective surface sterilant) to eradicate the

contamination, whereas a 1 hoar soak in streptomyacin was sufficient for the antibiotic
. 1
L

to penetraie the plant material, and resulted in 100% sterility.

[4] Experiment 2.
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growth suppressant effects of the antibiotic on the plant material. This phenomenon

the production of sterile callus. To test whether streptomyacin supplemented medium

AR

observations through time would be necessary.
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© stnrite callus

- material.

L 2

Figure 3. Percentage si. “yile ca&lus formation from Larmt root

t(

culture group 3: 1hr pre soak i’n streptomyacin (10mg/mi)
culture group 4 1hr streptomyacin soak and grown “tm streptomycin

suppleraented medinm {10mg/ml)

* indicatey significant diffirence fn perviou udfure group (pe 0,05

The streptomyacin supplemented medium resulted in a number of apparently failed
cultures at day 14 after initiztion, (25% of the culture group) [fig.31. It is believed that
this was ot due to contamination (bacterial or fungal), but most likely due to the

has been obser %:n a number of other species (George, 1993). Supplementing the

medium with streptomyacin, in terms of calius initiation, was therefore deletetious to

confet:red any other advantages (e.g. assisting in the mainteniance of sterility), fusther
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Figure 4. Penfcen'ta_ge sterile callus initiatios fresn carrot root

wmaterial,

culture group 3: 1hr pre-soak in streptomyacin at 10mg/ml.
culture grmip 5: thr streptqmt_acin pre-soak, 20riin exposure to
- sodium hyﬁéri”hlurite at 0.5%.
culture group 6: thr streptomyacin pre-soak, 1% sodium
hyperchlorite.

culture group 7: 1hr streptomyacin pre-soak, 20min exposuze fo

1% sodium hyperchlorite.

*» indlcatey significant difference to pervious culfure group {p=0,05)

Incressing the time that the plant material was exposed to sodium hypemhloriie had no

S

significant effect un sterile calius initistion, (fig. 4). However, the increase in
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concentration did exert a negative effmt demamu rating the plant {issues sensitivity to

ligher conus:ntrat';om of sodium hyperchlorite (g 3.
4.1.2 Callus growth.
m resms of suspension vulture ﬁﬁtuatnm: the most importatt consideration in terms of
tile igml g,oai of the cdll;ua experiment iz the amouvnt of callns formed afier 4 weeks of

cultute. - : __ “

“The effects o the protocol ulmgﬂs perivimed in e-;pemmmtb 2 'lnd 3, expressed in

crms of the caliug growth i muex, are summarlrcd it f‘lg,s % and 6. .

{
L
\ "
\
Y
calius 50
niowth : A : :
: . _
culture group N
Figure 5, Caltus growth index of sierile caltus from carvof root |
material. ;
culture group 3: 1hr pre: wak in streptomyacin at 10mg/ml
cultuxe group 4: 1hr s sptomyacin scak, grewn on streptomycin B
supplemented medium (10mg/ml) :
* fndicutes signitiesme  fweRce (o peevlous euftars group {p= 6,0%) ‘“
£ - % & e g o D “ @ ’
mﬁ“ % - Y w-ﬁ 2y = 43 !\ ) §/ - v: m §
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Supplementation of the callus medium with 10mg/mt of streptomyacin conferved no
additional advantage in maintaining sterility, as no additional infections were vbserved
(Fig, 5). However us with the negative effect in callus initiation, the antinintic excrted

a negative effect on eallus growth rae (Fig, 5).

caflus
growsts Snidex”

. ’ . culture group

Ii"igure\s'. Callus growth index of sterile callus from carrot root

material,

cuiture group 3: Lar pre-soak in streptomyacin at idmghal,
cuiture group 5: 1hr streptomycin pre-soak and 20min exposure to
| 0.5% sodium hyperchlorite, |
culiere group 6: 1hr strepiomyacin pre-soak and 1% sodivwm -
) ayperchlorite. |
culture group 7: 1hr streptomyacin pre-soak and 20min exposure to
1% sodium hyperchlorite.

* Eadficates sheniflesst ifereree to pervlous velhwe groap p< 0,05
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Increasmg the surface sterilization time froin 19 to 26 minutes had no s:gmﬁcam effect
on the growth of the callus cultures, in both the standard concentration of 0,5%, and
the increased conventration of 1% {ffig. 6). . However, the increase in scdium
hypcrchlét'iter- concentration had & negative e!i‘ect; on callus groﬁvtl's, agein
demonstrating the seasitivity of the plant material to the sterilant (Fig, 6).
The most .E?cces'aﬁ;l approach {0 obtaining sterility was therefore coupling exposure of
the plant material to an antibiotic {and allowing the antibintic to saturate the plant
material), with the surface steritization procedure. The surface sterilization procedure
outlined in the standard protocol was sufﬁcient, and any increase in the concentration
| uf mdmm hyperchiorite was in fact defeterious to the initiation and growth of cailus.
| Plant matnrml was completely stenhzed by this pmcedure and any further exposure to
~ztreptomyar,n§«pmved to be disadvantageous,

v

it

Yt was mtmstmg\\to note that the original protocol was completely successful for
* Reinest ef ai, (1971\ but was totally unsuccessful presently. A possible-explanation |
for this was that the\__mntalmnants those authors had to combat were all surface
sontaminants, &"aei'e;s:"ﬂthe slant material used presesly, (grown in the warmer
southzrn hemispheric chmate as opposed to that found in England), had a dzﬁ‘erent

contaminant profile andfor endogenous (internal) contaminants.

The growth of a representative culture from oulture group 3 was recorded
photographically ot weekly intervals. This was the most successfil culiure group in
terms of number - sterile cultures initiated, as well as the amount of callus formed at
the end of 4 weeks of culture, Plate 2, §i - v represent the best callus yields achieved in
this series of experiments at weeks 1 - 4 respestively, Plate 2, 1 and i are of the same
alture (.. at week 1 - after which time callus formation is only just visible around e

edges of the expiant), and is included to deronsirate the original explant size (both
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height ang circumference), when comparing the amount of callus formation through

. M
e,

At week 4 (plate 2, v) there was little or a0 senescent callus present on the cultures,
which alloweo for the entire culture to be used for subculturing (1 : 4). The callus

uitures were maintained by wabc-ulturfhg out every 4 wecks thercafier,

A callus consisting whoily of uniform pareachyma cells is witnessed only rarely
{Reinert and Bajaj, 1977). The cells in a callus may consist of a variety of cell types,
sizes and shages; differiiig in their vacuolation, cell contents and wall thickening. Plate
3, v demonstrates some cytodifferentiation (tracheal element formation) which

occurred in one of the cultures, although generally the callus was parenchymous in

type (plate 3, v and vi), The avefage cell size (largest per cell diameter measurement)

was 60um (3D = 1 lum).

Achieving optimum results in tissue culture is often a matter of optimizing numerous
parameters (George, 1993), To manipulate each parameter individually can be
extremely time consuming, the present experimentation on callus culture was done
simultaneously. However, in hindsight it can be seen that culture group 3 achieved

adequate results. such as to render all fyther experimentation redundant.

4.2 Suspension culture initiation and maintenance.

Although suspension cultures are initiated from supposedly sterile material, the rate of
callus growth on solid culture medium can in some cuses be high enough to exert
growth suppressive effects on trace bacterial and ﬁmgal contaminants. Upon initiation
of @& suspension culture, these growth suppressive effects are removed - and
contaraination can ensue. This, G(}{ipled with the risk of wtroducing contaminants

when initiating the cultures, makes suspension cultures especially prone to infection,
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OF the 30 cultures initiated, 4 were ost to booterial contamination and 7 due to fiungal

contamination, {Fig. 7).

!# a
L | I ¥igure 7. Percentage infection in suspension eultares
:il . [
. “w.‘ T
i -
® +
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'r rumher
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Figure 8. Cell number of carrot s(quension culiure vs. time.

S T
As is true of most cell cultures the growth of the carrot suspension culture followed L

sigmoida! pattern (Fig, 8). It was detersnined that the optimum subculturing time was
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7 days after culiure initiation, and the time at which somatic embryogenesis should be
* initiated was after 6 days, (cotresponding to the deceleration of growth phase, and the

= -éx;',lanential increase phase of growth respectively).

The microseopic evaluation of the suépension culture revealed a high percentage of
-¢¥fe in various stages of divisien (see plate 3, ii - iv). Micrographs were taken of a 5
sy old culture, which had just entered the exponential stage of growth, at which time
a peak in mitosis would be observad. Cell morphology was extremely variable,
sonsisting of spherical, slipper shaped, gourd shaped and oval ceils, (see plate 3, 1 - iv).
These differences had no correlaiion to the stage of the cell cycle, which can be seen in

plate 3, iit and iv, showing latc mitosis. The cell size was also variable, with the

diameter ""p_er cell ranging from 30pm to 120um (the average cell size was 70um, SD

14pum).

4.3 Somatic embrysgenesis.

-1

[

Suspension cultures were initiated frem 28, 35,42 and 49 days of callus culture. These

s gensions were then used to inoculate plates for the initiation of somatic embryos, |

(somatic embryogenesis was always initiated from freshly initiated suspension cultures,
at day 6). No somatic embryogenesis was observed from the 4 or 5 week old callus (8
plates eachi were inoculated ). However, of the 8 plates initiated from 6 week old
callus, two demonstrated somatic embryogenesis, but in all twenty plates initisted
fiom 7 week old callus, somatic embryogenesis was observed. Reinert ¢f ol,, (1971)
observed that callus only became competent for somatic emhrj?ngenesis between 4 and
6 weeks ofter inidation of callus ¢altures from fresh carrot material. The ;resent
observaiions are therefore in agreement with these authors, afbeit the results were fir
more favorable after 6 weeks of callus culture, and i light of this it is recommend that
eallus cultuie times of at feast 7 weeks are used for initiating somatic embryogensis.

It was interesting to note that botn failed and successfiii cultures covld be initiated
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; ' from the sdme 42 day old suspension culture, This observation cannot be explained :‘
] .- . f . ' ;
since there were no apparent differences botween cultures. The average number of 3
}-- g embryoids observed fiom the 6 week old cailus was relatively low when compared to :
, tiwﬂplates imttated from 7 week old callus, table 1, |
o s ’ Table 1. Success of emblyag@msis ¥5. time. '
! ' Callus culture age (weeks) - successful embryogenesis (werage no of embryoid
;. (success/plates initisted)  per cuccessful plate
' ' Aweeks 0/8 :
> Swoeks o8 - =

Gweeks 2/8 L =4

2

T weeks - 20/20 . 24(8D=10)

~ From the average weight of inoculum for the suspension cultures ( 620mg) it could be
calculated that the average number of embryoids formed pe: + of 7 week old callus
iﬁnculugl was caleulated to be 483, This result demonstirated the power of somatic

- embryogenesis via suspension culiure for plant 'reprodudﬁon. However, thers were

!

,_ very large deviations in the number of embryoids observex! per plate. There was e
nevestheless an even and comploie range of developmental stages of somatic
ewbryogenesis. i should be lwtedl that this experiment was designed simply te obtain
somatic embryos for the next intended stage of the experiment (cryopreservation), and
to evaluate the amount of embryos formed per gram of callus inoculum.  The cbserved
variations had not been anticipated regarding calius age on somatic embryogenesis, and
therefore statistical evaluation of the effects of callus inoculum age on the success of
somatic embryogenesis was not conducted. It may be that more favourable and
consistent resulis will be observed for callus inoeustum older than 7 wecks, but this will

have to be the subject of another appropriately designed experiment.
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The process of somatic embiyogenesis goes through stages reminiscent of in vivo ]
zygoti embryogenesis, a‘= 'hough there is no one single manner of progressing from the

first embrvogenically dc?ermmed celi to the Iater stages of ewmbryogenesis (Bhajwani

% "w‘ﬁi‘.ﬁ;u‘h\,‘ i .

and Razdan 1983) In some cases, somatic embryngenesns was proceeded by the

P

development of a suspensor {plate 4 1 - vi), and in other cases no evidence of a

suspensor was present, (plate 4, vii - ix). Plate 4 i - iii show developing suspensors of

varying Lengths, Plats 4, iv demonstrates the first aticling! division whick later results

o .

in foﬁ:iition of the -preuglobular' and carly g!obuiar embryo, shown in Plate 4, v and vi.

. Piste 4, «ii - ix show developing embryos lacking any suspensors, demonstrating pre-

" g!obulas early heart skape, and early torpedo stage respertively (aﬂel Wetheral,
1978).

- So;nat:c emblyngencs:s dxrectly from callus was also nnﬂated to contrast the rate of
embryogenesns and amount of embryoids formed per gram of callus with. the results
pbtmned via suspension culture. The résults from that experiment were not intended
for crfd%reservation work, as there wes inswfficient time to grow up the volume of
callus reqmred to produce: 2 usable amount of embryos. The average anount of

embryos formed per gram of callus was 18, and should be contrasted to 483 embryos P

per gram when initiating from suspension culture. However, the speed of development

of somatic embr,ros via suspension culture was slower than from callus. = Such

s L P T "

d;ﬂ‘ercnws were net detegtable iu previously pubhahed work  (Bhajwani and
Razdan, 1983). @i similar speeds of development were achieved, approximately 25
times the amount £ plantlets per grara of callus innoculum can be generated from

suspension cultures,
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4.4 Cryopreservation.

4.4.1. Percentage Survival , visual determination.

The initial mtention of the present research was experimentation on the cryostovage
of both callus and sowmatic embryos. However, in view of the projéct deadline, the rate
of somatic embryogenesis was too sloﬁv for this work to be included in this project.
Although somatic embryogenesis was suceossful afler 6 weeks in culture, there were
very fow embryouds at the intended developmental stage (heart shape stage). Reinert
et ul., (19?’1) repoited the presence of the more advanced torpedo stage embryoids
after 3 weeka of mcubatmn under identical conditions. The reason for this discrepancy

in rate of embryogenesis is therefore difficult to determine.

The overall aim of conserving any germplasm is vltimately the production of whole
plants after a peﬁod of conservaiion. In terms of micropropugatibn sotnatic
embryogenesis often yields higher multiplication rates than other methods, and the
“embryoids preduced are easy to handle in terms of cryopreservation. Conversely,
indirect somatic embryogenesis (via cailus) has the disadvaniage of somacional
‘yariation, which can wield genetic variability. K is also possible thai the
¢ryopreservation process may select for an undesirable genotype, altheugh this would
be a more uniikely problem when working with the genetically more stable somatic
embryos.
N IR

Somatic embryos howevér, would be far more difficult than callus to successtitlly
cryopreserve, as they consist of organized tissues which would be far less tolerant of a
significant proportion of damage/death of the tissues due to freezing. However there
are ivany plant species for which cryopreservation of zygotic embryos is the only

alternative for long term, reliable germplasm conservation (see earlier), The successful
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cryopreservation of somatic embryos of orthodox plant species would provide a modet._
for developing a germplasm preserv'aticn' protocol using eryopreservation for these
recalcitrant ﬁlant species {Mycock, Watt and Berjak, 1991). For this reason, a
eryopreservation of somatic embryos of carrot would have relevance, even if it is not

the most efficient method of gerraplasm consetvation for this specific species.

parcentate
water
content

-

0 (. 1 " 20 26 30
dehydration time

Figure 9. Drying curve for callus from carrot root material,

Determinations on the effects of dehydration were performed on untreaied callus as -

~ well as callus soaked in the cryoprotectant of glycerol (figure 9). No significant ~

" difference was obscrved between these two determinations (p = 0,05), conaequentljr

the standard curve demonstrated above was constructed using a pool of both sets of

data.

The results of the cryopreservation experiments are summarized in the following

tables:
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Table 2. Cryopreserved, no cryoprotectant

Dry time

Ominutes 10 minutes 20 minutes 30 mimsies
o . %
% murvipal 23 30 38 32
% survi
Coontroh 100 100 98 95
Youve. h20 _
cofttent 100 70 43 28
Fable 3 Cryopreserved, with cryoprotectant
e %
Dry time Ominutes = 10 minutes 20 minutes | 30 minute=
% survival 46" 59 b 56 65
% survival :
(controf) 96 920 86 72
% ave. h20 ' '
b ave b2 100 74 4 31

The two poiential sources of cell damage during cryopreservation are the formation of
large ice crystals inside the cell, leading to the rupture of organelles and the cell itself,
and the intracellular concentration of solutes increasing to toxic levels, Cells may also
suffer tiﬁ,te loss of vital solutes through leakage during the freezing process, (Bhajwani
and Razdan, 1977).

Dehydration, both in unprotected as well as cryoprotected callus led to an
improvement in percentage sun}iv"al, although the results suggest that the optimum
dehydration levels differ depending on whether cryoprotectant has been used or not.
Dehydration of the plant material before or during freezing results in an increase in the
concentration of solutes before the ficezing of the. protoplasm ocecurs, and

cryoprotectants offer protection from this toxic solution effect (Bhojwani and Razdan,

1977). This proteciion aiforded by the glycerol may be one explanation as to why
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cryoprotected callus withstood increased levels of dehydration. The cryoprotectant

effect due to prevention of large ice crystal formation may be an independent

protedtive_eﬂ‘ect, {Bhajwani and Razdan, 1977).

- The uncryoprotected, undehydrated callus perfornted poorly next to the other

experiments, suggesting that the freézing rate was still ‘o dow to disclude dehydration
and eryoprotection treatments. The simplification of tne cryoprotection protocol
through abandoning these ireatments may still be possible if evei: faster freezing rates
(and therefore a faster transition of cellular water intoy the vitrified state), were
achieved. Some possible approaches o this end would be subfreezing liquid nitrogen
to temperutures just above solid nitrogen (sbout -210° C) by maintaining ti.e nitrogen

under & vacuum just prior {o immersion of the plant material. Fasier freezing rates

~would also be provided if a method for increasiu # the speed of introduction into the

cryogen was devised, such as forcibly pr.;jncting'the g4 ‘yie in  -the cryogen (Wesléy-
Smith et al,, 1992). A steeper temperatﬁre gtadient could also be provided by using
liguid helium (sbout -230° C), although the expense of this material defeats some of

the object of revising the cryopreservation protocol.

Dehydratiné the caltus for 20 min or more {corresponding to 57% deir,.rdrétion) had an

- adverse effunt ok survival of the control samples. Increasing the dehydration time from

20 to 30 min also lowered the rate of survival of the:. cryopreserved material, indicating

that 20min was close to optimum. However, in the case of cryopreserving with
cryoprotection, dehydration up to 30 gﬁn {69% dehydrated) provided the highest
percentage survival achieved in all the exj}eriments - however dehydration to this p

also resulted in a very low survival rate for the control (just slightly above the frozen
sampies)- It is highly unlikely that the cryopreservation treatment will increase the
percentage suwi§a1 observed in callus subject to the glycerol exposure and

dehydration, and 50 70% dehydration must be close to the optimur: dehydration level,
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The pre soak in glycerol had a significantly favorable effect on the percentage .srt-zrviy'al

m‘_ L=

- . I
of frozeén callus (Table 3). Historically, the most suceessful cryoprotectant has boen

ammethy! sulphexide (DMSO), however there are serious problems associated with this

——

’ compound - at higher concenfrations it reduces respiration and inhibits RNA and

PR

protein synthesis of the material to be cryopreserved, it can aiso be toxic o the

q experimenter { Reinert and Bajaj, 1977). It is ofien necessary to pre-chill the DMSO
! solution before exposing the plans materin], (as exposure of cells to the cryoproiectant
\ ;! at room temperzture adversely effeats their viability), and rinse the cryoprotectant off

the tissue, However, both these additional steps put the tissue under increased strass

! (Reinert and Bajaj, 1977).

g

' “Glycerol has all the advantages of DMSU as a cryoprotectant, in that it has a relatively

| : F low molecular weight, is easn'y miscible with the aqueous solvent, and permeates |
. effectively into the cells, Further it is non toxic and does not need to be washed from
. !s the cells, and it was for these reasons that glycerol was used in the present
experimentation, |
| [F‘ | DMSO has been used in the achievment of a '?0% survival rate for cat ot Fell
,‘ gsuspensions (Bhajwani 1990), frozen using 2 siow freeze technique, and this is
‘ | o El comparable with the present result of U5% (d difforence 1 conld not test for
_ significance as [ tacked details of his work).,
(A o
& ;l The rate of callus gmwth in thos:; czyopres?rved cultures in which regeneration was
| §6E11 10 OCCUE Was Very slow in comparison with the con'i_rols. The volume of callus of
li g! the controls doubled after approximately 10 days (glycerol treatment or arving had o
-_: |l o | effect on_ Jthis), wheress at the time the e:_:!periment was tem:iqgted (4 weeks after
' !{g cryopreservation), none of th.: cryopreserved cultures had doubled ia vol- ve, with the
\d: (! la;xi'gest increase in volume estimated tobgappwximﬁtely 26%. The new t.allus growth
- !E was éienerally focalized to a very small point on the culture. This is because ¢
I ;-
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cryoprasersyation affects different pmfts of the tissue in different ways, and much of the

callus wa;iéﬁ in ag re‘pau phase (or iiras dezad),.and so comparing the time taken fora

change in volume between the cryopreserved cultures and the controls did not prove |

1.i be a visble method of regenerated callus growth rate, It would be more desirable to

oonipare the growth rates of isolated resenerated callus with control callus of the same
volume.

4.4.2 TTC viahilit; test.

Table 4. TTC viability test - uncryoprotected and cryoprotected

- gallus,

sample: Omin® Ominl, 1OminR i0minL  20min K 20minL 30minR  30minl
uncryoprotected®  9.4% 4% 121%  84% 11.1% 3.5% 130% 66%
cryoprotecied* 10.3% 114% 176%  l.6% 380% 145% 249% 116%

* Values ¢...cr to the amonnt of formazan produced, expressed as a percentage  of the con(tﬁl
(unfrozen) sa’lus. o

- The letters R and L in the sample row refer to pooled recovered cultures, (R) und pooled
cultores which are eithor dead or in the lag phase, (L). ' |

The resulis of the TTC test indicate that for each separate cryopressrvation ireatment,
some callus tissue was able to produce formazan precipitatzs. This is important, as this
suggests that if the individual explants were allowed more time to recover, a higher
rate of survival may be obﬁerved for each different treatment.

h

The results obtained in this experiment indicote the amount of formazan produced by
pooled samples, and therefore these values cannot be compared to the percentage
survival of the explants from tables 2 and 3, since varying amounts of tissue per

explant may have survived, and this has not been accounted for. The test does suggest
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Hiewever, that a higher proportion of tissue survived in thc cryoprotected samples as

opposed to the uncryoprotected samples.

‘The staining method cannot be used in determining the regenerating abitiy of slent

waterial immediately after thawing, as a false positive result may be obserwed o

celis showing o weak ~taining, but which might eventually die in culivres. it skould

alsc be borne in mind that the same may be frue of cells showing viability at the four

week point presently tested. 1deally the experiment should be left to run until one ean

be cgttain that the plant tissue has either 1agenerated or died.  After thawiag, the cells

may be partially injured, or in a state of cold shock, and do not divide but still retain

some physiological activity i.e. respiratory and enzymaiic. In such cuitures a low

survival rate, and a relatively long post thaw lag sase can be observed, and during this
period, the TTC test not detect potcnitial survivors. Therefore any data on the viability
of celis based on the staining reaction alone would be insufficient and misieading.
Bhajwani and Razdan (1983), re;iorted such a case in which the TTC test gave a
negative result, and cultures staried to grow and divi e after a lag period of between 4
and 6 months. This also suggests fhat the perceniaée survival figures quoted above

might have been improved if the experiment were lelt to continue.

It must be noted that the overall aims of this project were, firstly the initiation and

maintenance of callus and suspension culits=. and the production of somatjc embryos
- and secondly tc successfuily cryopreserve Daucus Carota using a fast freeze

technigue.

‘The parameters tested in the callus culture were done so only to establish a sterile
culiure with which to procesd on ta_fghg__gg::\h:t stagéf Labe project - less than optimum
resulis would have been accepied. Thase\;ﬁ“rﬁﬁié'té;s tested in the experimenis ;:m
dehydvation and cryopreservation, and cryopreservation with cryoprotection were

conducted in the hope of achieving a successfill cryopreservation with the simplest
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pt ocedure possnble Frnther work ‘would be required to optimize the protoccl for the

lnghest yield & pexcentage survival, The exper.ments shouid he considered prel;mmarv

in ackieving that goal - but importantly serve asl an mdicator on which aspects of the

. eryopreservation procedure would warrant further aftention, and which would not. It

would also be interesting to assess the effects of cryoprotection with varying

concentrations of glyceroi and varyind exposure time, the present @ﬁiixﬁum being;

exposure to 10% giycerol for 30mins,

The problem with work of this rature is that there are many pararaeters which should

be tested, aid which can be very time consuming. Although previously pubfished
work ¢an serve as a guideline, there appears to be no relationships in how diﬂ“erexjt
plant groups {or even differen: species in the same genera) respond to these many

variables. For this reason, each set of parameters must be re-tested on each new plant

species for which a cryqpreservation prhcedure is ta be dfpternuned This is another

reason nfor developmg‘ the snnple.,t protocol possible @i.e. lultra fast. freezing with no

B cryopmtectlor)
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Plate 1. IR

1.1 heshly explaiited enftare, showing relative djamcter of culture tobe

and volmne of catlus c,ulture media for culturé quuumg subculmre every 4

weeks.

2] n,xplant 'n wafro after 1 w’eek incubation, uﬂwwmg early callus
formauoﬂ arounﬁ ﬂle edges of the explant. B | K:ﬁ’

4§

)?'

- 3] Iniected callus ewnlant after 1 week mcubattoqi, showing characteristic
bactenal infection spreadmg aronmd the base qif the explant, Despite

mfechon callus formatmn can still be observed ofn the explant
_J',-" ' ,’I

| )
4] lntect?d callus culture after 2 weeks mquoatlon, with the’ medivm

mvadgd by the bacteriii At this point callus 'was irretrievably lost with

attempts at surface stf-nhzatlon of contaminated callus with sodmm_

hypemhlmte being futile.
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"1 and 2] Callus dexplant“ at 1 week of incubation, showing early callus

formation and relative size of explant to callus growth at later stages.

o | o | |
T ! 3.} Callus'explant at 2 weeks ofineubation. -~
. -'-.:I ] . | - .- .. ..{3 .I ) .
. . . &.' . i ) Lo . . vy
| !, _ . 4.] _Callus%xplant at 3 weeks oi_mcubatnon.
S Loy
5] CaHus explant at 4 weeks of mcubatmn At thls pomt the callus "
showed no signs of senescence or jpcalized dehydration, and-the ent:re
culture could be used for subculnn‘e r initiation of suspension cultmes
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1-4. } Namaz ski mterference mmrascopy, of a xepre‘:entatwe sample of

cells | ina suspeq{ >wof 5 days old, showing variation in' morphotszy and

size. At this pomt in the culture, a kigh proportion of celis were in vaﬂous

stages of mltOSI:;, and cell number was increasing expenentiaily. C‘ell it

morphology and swq hf{d Lo correlation with cell oycle phasc (iii and-iv). ;

¥ Light phase” *ﬂfl\rosaopy of callus showmg cytodiﬁ'erentianmn, and
1’  celiular morph{;;;. g“’@‘ ba]ius Callus tissve contains cells of a more

i\ consistent sn..é/ and sheipe; ‘than cells in ouspension,

?‘. e
‘! i ' ‘-‘, '\

6.] Namarski interference microscopy of alquash preparation of callus, -
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Plate 4.

hY i
7

Scalebars consistent ivith Iast marked bat.
1 - 3. Developing suspensors of varying lergth, W

4.] Virst anticlinal division, and start of embrve formation.

i ,i-

5.1 Preglobular stage.

'6‘_] Early globular sfage. © i

7.] Preglobular stage, no suspensor visible.

8?] Early heart stage.

9.1 Early torpéﬂo stage.
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