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IN1&ODUCHQN

Plant tissue culture* a procedure whereby plant parts axe excised and
cultured muter aaaaaia awl artificial amvUcta versatile
A IFmitei fif pornhnimnBBU.  The niwMk nprt widrliaweci oo bw frav>dbrina
single calls, cell-aggregates, organa, or whole embryonic plants. D »
procedure has bam employed advantageously in studying rftp T~vI regular
dm of call growth aad organ, sn*MTiffa'ftfflii ~ piomt-ia.

Experiments primarily with tobeeoe by a*fTtgand Miller (1957)
hiyp exposed a fossfer mechanism at rHB division aiid jer-ant **r* root
yif f>«y* H» rim HadiB]jw hy Shm” «:vl mIIBTj fSfh
of these P Sro,(r:AJeXsls is i:oucroli&J oy Q_Aoéca,l’q;taace’\? a”ryiqs,,g < fety
must be areeenelot cell dhlgiOBand enlargement to occur. Furtfoernore.

a h*<aM* la the two compounds xeguloses organ formation. Rf |stfy ]y high

levels of auxin aad law levels of kinin isidiiue root ialtiatioe, ‘whereas the

A consideration fay Muraahlige (1961) of the role of glbberellln In Skoogfa
syetem lad to die dlscovery that this substance, wbereea markedly stlmulatlng
;m . élor;g;a;b;lm. strongly inhibited tbe |n|t|;t|on process UnfortunateI;, *t )
virtually all tsvwdm iau involving resrulationelwm nmem . no«*m»*»
baa bean to support Oboavwwetttmi ol cultures with data of the develop*

mental anatomy of tisspes. *iw tnwrtnw a.m.. phwawmdiim »s L300Pp

of enao "<s»r«irtBHmMi whhout the «iii«ip if® data la ofter* misleading. Roots
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or shoots become visible to the naked eye only after morphogenesis has
progressed beyond die differentiation level. For example the Inability to
observe organs externally following treatment with gibbereilin Murashige
(1961) probably indicates repression of the outgrowth of differentiated
"R WY A N .

prunordla and not prevention of differentiation itself.

Since organogenesis in tobacco tissue culture is readily regulated

w wr B 4} we . Los |

by manipulating suppliesl of 9r_ovvth substar]ces in the nutrient medium, this
culture provides excellent material for studies of the biochemistry associated
with organogenesis. Biochemical interpretations also must be aided by
data or anatomical events.

In this study tobacco tiSSLrJe cul.tlepré |t used to (1) exarﬁine critif:al.ly
the gibberelUn-inhlbition of shoot formation, (2) dispose clues to the
probable mechanism underlying this inhibition, and (3) establish the critical

period during culture when biochemical analyses of shoot differentiation

mi#it be best achieved.
1] , .l_V S _( 1] 1]
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»4 independently ifamMMwtnn” for tht first that vrrtTirrt tissues at
certain species cm be cultured ia vitro a* undifferentiated callus ladafl-
uitekv . SoetttMMWUF differentiation of roots or shoots k «*ainta cultures
was frequently observed, and ia 1944 Skoag (1944) discovered that cha
differentiation of these arsons in toiscco cultures could be reaulatfid tov
manipulating the composition of the nutrient medium. facluston of auxins.
either indol#-3-acetic acid (hereafter IAAO car 1—nsphthalgaeacetic add)
(“gfuUMhllhr WA™), prevented the appearance of shoots and stimulated root
initiatioa. Increase ia the "oy ft«w n«» of Inotgnic piwspliate nr
sucrose reduced the effectiveness of auxin.

Subsequently, itoog sad Tsui (1948, 1931) disclosed that adenine or
adenosine, especially when supplied together with inorganic phosphate,
markedly counteracted the auxin inhibition of shoot formation and stimulation
of rooting. Infnct, n reversible system involving auxin and adenins was
apparent. Adenylic acid, guanine, and arginine warn also effective, hut
net nearly as effective as adenine or adenosine (Skoog and Tsui, 1991).
Miller and Skoag (1953) observed still other substances. Including folic acid,
giutaalc acid, sad glycine to give a response similar to adenine.

S t I m* mm,,

mmm m m&Mm atmt-m&f m *s of me* immkmz



Following the isolation of kiaetia (Miller et *1., 19560, a gmnrtmtw
study by Skoog and Miller 0957) revealed that kiaetia and not adenine
was the basic substance which interacted with auxin to bring about the
control of organogenesis. Kiaetin, but cot adenine, wtwn conibixtsd with
auxin supported indefinitely the growth of tissue cultures. Suitable
amounts of both kiaetia and SAA in the nutrient medium permitted almost
unlimitad cell division aad growth of callus. By varying dm proportion of
each, differeatiatioa of either roots or shoots was achieved: Ugh klastin:

low IAA bchctd shoot formstioa sad ths rovers# root ialtiatioo.

ah—tw* —ft other substances wore now faist only to ths high

The nﬁphsraism cgntrlq,!Ubg grQV\{ﬂ‘! aa_ld organ C_Sr_inajigq i;_;mi1 t}ta}g a
halaace haa bean wiwwift to bo operatlv# ia lyfky* species, In-
cluding Convolvulus (Torray, 1958), Cyclamen (Mover, 1956), bade tinctora
(Dankwardt- Lilliestrom, 1957), Begonia (Schraudolf and Raiaert, 1959), aad

the moaa Tortelia ceapltoaa(Gutna aad Bakla, 1958),
The fibbhaaeilia tsitMH— gb <v—n Formation

Usiag aome of Skoag'a tobacco cultures, Murashlge (1961) obssrvod
**» inclusion of WithnadH IS (hereafter GAg) ia theathWBmthi range
0.5 -10 mg/1 drastically prevented Che abearance of ahoom or roots under
otherwise favorable conditions. No retardation ia callus growth was obssrvod,
—h In foot o stimulation woo detected. & woo dwt# concluded that glbberettia,

addle dramatically stimulatiag organ enlargement, particularly ths scam,

functioned as sa inhibitor of ths early stages of atom initiation.
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Observations with cuttings of a number of species have established that
glbbereUln can dee inhibit regeneration el roots (Brian at el., 1960; Kato. 1955;
Schraudolf Reinert, 1959)+
&Nanxil tnhf.-nfigin of Orgd" Forn adon
kuxaafaige (1961) provided so data to suggest e probable mechanism by
which fnt M&MmM atetdme Or rw fswVitffoii ywiwited. Neither
anatomical nor chemical analysis of tissue wee presamad. (Brian et al.» 1960
resorted that die M»iharlkmof rooting in bean (fhasaolus vulsaris L.) —<
(Fleam sativum L .) cuttings, was associated with prevention o( the cell divisiona
WHM | yrtHfffrfti Sprimftrr . Tliit ~MMrinn til butriyg w »
. aaeociatad with an increased elongation of the hypocotyl end stem segments,
rato (I7*"l) nlwarred that giWwirfiiln upplfcftd finf i“a<n»f.
den end cellulose accumulation hi tissues aad iahibited callus formation
end roodna In Viaaa aesciu™euaiia L.
that gibberellin stimulates, as well as tahlhiSB, ~ 1 1 division la wall docu-
mented. the work by Sacha aad Lang (195?) and Sacha at al., (1959, 1960)
with Hyoscyan.ao and Saxnolus that the increased stem elongation
is due largely to increased call division, The same evidence was obtained
for Fhaaodius vgutaria L. hr Qraulacband Haaaloop (1958). Bradlay aad Crane

(1957) raportod a stimulation al cambial activity hi apricot by GAs .



Anatomical Aaalyaia of Or&an Formation, m tbu&ceo tissue Culture,
the only reported developmental analyses of organ differentiation tn
tobacco tissue cultures wore performed by Starling (1950, 1951), The
culture media of iskoog cod Taui (1948) were employed. Unfortunately,
tbeee Investigations considered only cultures efffreahly excised stem

segments, probably because pith callus culture* were not readily available

ihssau Addition nf rogul™&d te of root prtoordia In

SUMEP ) T e Loy '
7*10 dayet these originated bnthe cambium. Sheet primordia under
die ihAmkp” of were localized is the JAW n, with

algos ef differentiation being first visible after abent 14 days In culture.



MATERIALS AM) METHODS

TISSUE CULTURE OF TOBACCO:

Stock Cillua. Stock tobacco callus @M established 1Tmid-1962 from
atorﬁ ﬁssue obtained from the tobacco Nicotians taaaeuro L .t \}ériety
Wisconsin 58. Stems from gremhouse-gprvra plants aot| m tall were cut a few
cm from soil level and stripped of their leaves. Theywars further cut lam
segments 5-8 cm long and swabbed with 95%alcohol Cylinders of the
central tissue were then removed with a sterile No. 2 corkborer and
sliced into disks 2 mm thick. Groups of three disks were finally transferred
to 50 ml of nutrient medium containad in US ml Erieameyer flasks. After
3-4 weeks at F ia near darkness substantial callus developed. This
tissue, subcultured by senatortag te fresh medium at monthly intervals,
served ee stock tor the experiments. The composition of {00 stock medium
was as follows, Inmg/1: NHaNQs, 430 Ca(MQs)2 4HgO, 144; KNOz, 80;
M#Q|*7HaO, 72; KH2P04, 12.Si KC2, 65; ZnSON-THA, 2.7; IfcBOs, 1.6;
KL 0.75; MNnSQ™HjG, 4.9; NaFaEDTA, 25; wtcertelc add, 0.5; pyridoxin-HO,
0.5; tictamla*iK3t» 04t glycine, 2i 1AA, 2) ktaettn, 0.5; Difco Caeamiao
acids: Oy Bacto-aaar. 10.000: aaA sucrose. 20.000.

Experiments with OlbbcrsUie Acid. *INo eeperiments were pexfermed
with glbbereUic acid: o a concenttattan study to determine the lowest level

preventing shoot formation end CO* time course study to examine the eeetotnicel



nffopfiid J[ihhwm f to jum dlId| the critical period Ib
<iia*riwHarlnn

in the firstwpefH iff GA3 wee wwtifd hi nfriawa at0 0.01, 0.1, and
I mg/i, Ta*t mediawere datributed ia aliquota of 50 ml in 12S ml
Srlenmeyer flasks. three pieces of stock callus, weighing circa 50 mg each,
ware cultured ia each Hash. Cultures of 5 flasks comprised each treatment.
After 38 days countswere

=V )
of tisane from —A tannitodni fthid *nr THET**Lictwirffi

made of the shoots producegﬁan%several pieces

The second experiment, performed concurrently with too first, contained
0 andimg/1 of OA3 . the test media were distributed in aliquots of 25 ml
each in 50 ml Srlenmeyer flasks. one piece of callus weighing 30 mg was
setin each culture flask. A total ai 60 cultures of each experiment was grown,
although only 40 were thruushcut™ emerimmtt. At 4-dev
egmeg of Visible sfffttiP were made of all available cultures and random

gl 5 cultures per 1>enmem were Used In Newaschto'e w4uttoiii tor

tn both experfcnants, toe beeel medium devised by Mureshige end Skoog
0962)was ueed* Contents of tola medium wen as follows, in mg/1: NH4ANO3,
1650} KMO , 129i ; Ca(N. OI*4H20, 700} K d, 450; MgBOg~HfO, 370}
K% fQ | * Wto MnSOg.HjO, 16.9} ZnSO4 -7HjO. 8 .6} » . 8.3]
CuSO4 *5Hg0» 0.025; NaaMoQ~IHjO, 0.25} CodjdH jO, 0.025} XAA. 2}
htonhh 2} nicotinic acid, 0,8} ttoamiB'UCI, 0.1; pyridoxin*HQ, 0.5t

glycine, 2j NaFsSOTA, SOt L-tyrosine, 300; sucrose, 30,000; end



Bacto-agar, 10,000. The pHwa* initially adjusted to 5.7 + 0.1 with either
NNaOHorHCI. All basal Ingredients were sterilized by autociaving 15
minutes it IS potiade pur squire inch. Solutions tit QA~ wire cold-sterilized
hv ultra"filtration tad to autociaved media lust ortor to -

The cultures were matatatneri it t constant temperature el 8QPp aad
under 25 foot-caacttes of light provided toy indirectly pieced overhead
fluorescent lim pi. Standarderror via calculated for the mean
lumbers ti shoots.

ANATOMICAL EXAMINATION:

Nawaehin'a solution served as the fixative, and consisted if equal
volumes i f rotation "A” remaining 1 gm chromic acid, 7 ml gtaelal acetic actei,
V|2 yni distilled water, m f solution "P <w”Miirfg 30 ml formalin aad
7Y nil CHistlilw WitvX4 vOlilutim© A ik 0 wiERR BltXod JUsl MOIHIFO US«

Dehydration was accomplished by the uae of 20, 30, 40 and 5096 aqueous
ethanol, **** tertiary Vitffiiftta ethanol* dlatillid water solution! hi The

proportion* 1:5:4, 2:5:3, 3.5:5tiS, rod 1:1: wed 12 haure each la tertiary

imtaaol: 7olutioas in the pnytfttoii 331 wM 1:0 (the littftr np M id
twice).
P&rowutT #n# 9 changes of rottfn "Tissotoiat*l finally la

TiissiArriat necBtsse " tin'W ify ooegjnfstseoBS ® ow fl s6dot pniBordid to



10.
to bo localised fwpmriboo <d die 30*stlctQft sections ia the tan
perpendicular to the surface previously ia contact with the nutrient medium
am wirttmiw nk«na<i.

Tho stiiniBii aroceckir* tido.I",,U from Suss 11961) MHITYYWF *arf

eaerfdWd ia theee onpoi

0) hydrate by soaking 3-miautes ia eaeh of xylene (twice); 11 xylene:
absolute oHwiwii absolute etbaaeli 95, 70* 50, aad 30% aqueous
ethanol; anddiedilet) water (twico)e

(30 mordant s minute* ia % aqueous taaaic add,

(3) riaaa tew minutes ia distilled HW r.

(4) stain 3 minutes ia 3%aqueous FeClg»

(5) aeatos Mtoueea ia aalraato.

(6) dehydrate ay immersing lor 3 minutes ia each of 20, 33, 50, 70,

£ " . e Vr m. w *eV _ iM-rf

and 80" ethanol.

(7) ataial.S mtaawo ia iast-grasa.

(8) deaBHaaad dehydrate fey 3-miattW immersions ia each 0<100%
ethanol, 1U 100%ethanol; xyiaa, dove oil, and xylene (twice).

(9) mount la Canada balsam.



At toast tan ffjfrftffj each *t least live sections, of each

treatment ware studied **vt photo wore preoared of xapre*

aentative nymara rtivM.



DATA AND DISCUSSION
(Hjfifyiifai Cmm BnBMUMI m i Shoot Formation!
in Muraahlge a report (1961) the lowest eoaceatration of GA3 tested
and shown to repress the lumber ot visible shoots ia cultured tobacco
tissue was 0.5 mg/l. la this study lower ccmcwmazkms ware included
and. is flboRiiin table L drastic raductkn In stoat nmtJkrm««m obtainol
by a 0.01 mg/l level. thia concentration is SOtime* lower than Hut

reported by Muraahige and represents a dosage a* 0.5 micxogrmm per

culture, il *”iigm m potency of 889 substance.

D Mii. IdaHiHIlIp «l motor tfvfcMa alm a imtmrfiyiifcaaaa
tissue to CA3 coaeeatratian ia medium after 23 days la
culture.

QAa Coneaotratloa. mg/I No. Sboota/Cultur*
0 faad 37.8+9.1
0.01 4.8+1.8
01 . .. 2.0+ 0.7
1*9 4.5+1.8

la figures | aad s MMphotomicrographs of representative tissue section#.
For each treatment only the periphery of caUua fragments is shown because
shoot prjznordla wur* localized to this region. WeU-deflaad primoxdia were

observed only la tissue cultured on media containing 0 and O.ClI mg/1 GA;



Plgurei-a. No gibberaliin la medium. Note stem apex with leaves. 70 X.

Detail la:

sa [Tkhoot apex

Figure 1-b. O.tamg/l GA3. Note also well defined primorxlum with
procambial strands. 70 X.

Detail las #

pa* MMMM* strand

Piaurei. near surface el Hmm* ~«itiired 28 daws
M« and o0 .01 mg/l OAg,

%

W 4






Pt#m H . 0.1 ng/1GAs. Cells ere relatively krgt and no primordial
organization la evident. 70 X.

ntail j (

L * large cells

Figure JMb. 1nmg/1 GAs . Also no primordial organization evident 145 X.
Detail is:

L Marge cells

Figure 2. Sectkm near callus periphery from tobacco tissue cultured
28 days on 0.1 and 1mg/1 OAs .






nonawas seen at the 0.1 and 1 my/1 levels. Inability to observe primordia
even trrq:;i;l_a Jaw eheot;s Wl'ff\ Avid'it 111 of riw lattsr two triit*
merits is due @ la (mrplinj. The frequency el observed prf*a”*to
was fox ti# gtfewMlla*fww msUuia fox the medium casuii*
ing QCd ny/1 GA3.
Time Course ui So>l. Forcratios:

Oourrts made of r|S|bIe shoots It 4-day intervals are shoan ia table 2.
fa the glbbersllln—free the first shoot isos observed on the 20th day
la culture, whereas la the presence of | mg/i GAa a statistically
IWMmiw nf was not Vci)b\tftlf;sl g 32dday. laeither c'ese aei
shootm t tiQim"ad la cultures Id devs of »»m or votuunx. la Addition to dsLaw
tag the ftm* of appeareaee of shoots, |>hhamHi>drastically reduced the
number al shoots. The gifcfcexwliia-fra* culture yielded a high of 5.5 shoots

oar callus Whereas the treated ilasaa ease aS|n O 3. O’l a 08r*ctlhu basis.
-V *EPEXE , . 2w - A ,

- " - i
the manh*y of produced was substantlally Iess la ﬂ—bbevpe» He

I S A A O

to ’Ye GA coocentratloa studv ThIS |s most nmbaldv due to aSO|Sb|a|eade03|tv

ve T ,Emm - R B |
effgcts} each culture was composed of | callus I* this rjr_]et* whereas each
> .

: 1 4 . - e e - v
culture mu con™jo™ad of thrott f*m to the iniHIiM stiMhr Tbrrev ind
A ASTVIVS oy e Yo e A A S )

Reinert 0161) observed a phenoimeaoo ia closuag of smgle ceils where

the dsgres of coloateation la ylam cultures of free ceils was to s large extent

influenced by the daaatty of calls hi the ianoculi&it,

L



Detailed anatomical eaamtnafiop far primordia la these cultural sub-
stantiated the shoot counts. As sommarizad in table 2, bath a delay in
appearance and a radocttea la the frequency of olimrinl primordia
in tlaaua mctkm* reaultad team glhhenaUin treatment. A trend towards
decrease la thefiafMacir of dMMmbli prinwiUs in eeatfQ ttannwfront tibe
39th day thereafter, ividatt la M>f* 2, la xeesoiiafaiet a large
orooortioa of them have by than amerced mi shoots.

Figures 219 are of rmprwiMnnitwi llaenn y™y"™mf
and shew the aequnnce la devatepmoetaf mm cultures.

Structure of *e callus*

White the tobacco segments used fay Sterling (1950) were cotnpoeed of

Weay BERUHRT comalidita Seooadanyxvtemt
primary xyiem o f pth parenchyma, the «y|i type# p — «wtiy obssrvdd
tn the ajilaaV\ﬂ'M eteiMiitf and pereachy* etetet Phloem calls may
ham tuan awamr. tw» iwJil aflt he bv SS* amine usad. la «>*
tHffly, thff dividing cells ware fagtteftd to * surrounding tfaa xytem
elements. *1101 txachiede «***elty occurred £aymf]f-~u p s mH sometimes
aingily. Nsm-dividiag calla ware located osar the center of the callus (fig. 3).
£atessgdtel.& BB

Along the pripheral legion (figure 4*a) of “»H»w cultured la the gipMagg

of Odd* aoma dividing with large cytoplasm, jjteMI effetel aadgfgaHdl



17

Tfebie 2. Time Cours* la Skcx* Differentiation la Tobacco Timm Culture

Days in No. V|0|U-§ -S SaI5r500nSIum Mp. vis’\/?eg &9 ftaPi'iinordlum
Culture. phw *8 shoots pet* in tissue
n<*ﬂﬂgx . callus secttoni/
0 0
4 0
8 ft
12 «
16 D ft
20 164,08 0
2.540*2 . 0 4
2*240.6 04404 4
22 5.240.2 0*2 404 4

IS"<¥4*r g] '8, abq §



Figures. Section through peripheral region of stock callus at start of
<n i—itnmm*
groups Ot smaller cells with prominent auclai suggest
roeristematic activity. 70 X.
Details tree
J Mlarge cells

m « meristematic region






were mrklent; towards e central region (figure 5-a) clusters ef xylem
elements surrouaded by smell drndiag calls as weil «s Urge oon-dividiug
colls were observed, the cells which were not stimulated to divide were
pyntjly Ut fm  pMsfifHY%oyTM> g | §(

Ac this stage, SO significant morphological wee observed Aw to
di-ihmmmi* mesid «mllaarten  However. tiViddBt VOGS St **«o wurlriMwi
region (fig* 4*b) were pieced cr&cheary parenchyma cells with
large vacuoles, and ec e central segtoa (fig. 5-b) wmi cells with large
nuclei. PjStlds (mi gamM vacuoles.

Cultures after d days:

Hi® common <ML types, (Blim elements, dividing parenchyma cells,
non-dividing parenchyma H 1* **d Hgnifiori parenchyma *W »]
yjifa wtmarnma agyl diwply cytojjdjtsn't »««i wifUil were evident
(fig. 6-a and 7-a) la control tissue.

Cell division was stimulated by a«H camMal-like regions
INneetPff evident (fiat, 6«b 7*b). Plaatids were denselv stained. Sftaw
large, ac«-divkiiBg parenchyma cells and short, xylera (M M tt were also
ebaarved.

Crdenivehmilhdin
Il control tissue call divisions formed protrusions hi the peripheral callus

r#Halon (fin. S*¥al. nod g~ i» awmiiMnl jdMajSNIVINNhIVEXWIIAS qnme. RIEETMMI.VSE



Ptgure? 4-a. Gi~reilin-free medium. Note scattered small culls
with densely straining nuclei, suggestingearly stages Ot
ceUdMrtM. 70X.

Details ere:

c * cell division

L * large cells

Figure 4-b. 1nmy/1 GA3. Virtually same as tleeue from glbberslUB irae
medium. 145 X.

Details arat
X * xylem elements

L * large ceil

Figure 4. Sections showing periphery of call! after 4 days in culture.






Figure 5-a. OiiibereUia-free medium. Note scattered regions with tiered,
small, densely staining, large-nucleaied cells, txn™r*i>g
meristsmatic activity. 70 X.

>
Details are:
m * mariatematic rcgjon

a « xyJers elements

Figure 5-b. 1mg/1 OA3. Note email, densely staining, large nucleated
cells ia riera, indicating cell division. 145X.

Detail 1st

In * Urge nucleated cells

Figure 5. Sections through central region of call! after 4 days la culture.






Figure 6«*. GibberelUa~free medium. Scattered arete of small calls,
suggestive ot coll-division Note also cambium-like zones
near surface. 145X.

Details are:

ca ® cstiddttm-Ufc* zones

1 » small cells

Figure 6-b. 1mg/1 OA3. Scattered regions oi email, large-nucleated
ceils indicative & coll-diviakHk. Note cambium-like zones.
143 X.
Details arm

dT» carabfeurs-Iffce zones

1* cepe

Figure 6, Sections through peripheral region oi call! after 8 days in
culture.






Figure 7-a. Giouerellin-free medium. Note cambium-like regions
xyiem elements. 70 X.

Details are:
cx « cambium-like zones

x m Xylam elements

Figure 7-b. 1ng/1 GA3 Cambium-like regions also evident. 70 X.
Details are:
cz * cambium-like zones

m * meristematic region

Figure?. Sections through central region of call! after « days in culture.






Figure 3-a. GibberaUia-free medium, Note cluster oi meristematic
calls near callus surface. Sub-surface divisions are pre-
dominantly periclinai, 70 X.
Ootatts are:

m * meristematic region

L * large cells

Figure 8Hb. 1 tng/1 QAj. Note meristematic activity is also evident but
net ia patters suggestive of primontium. 70 X.

Detail is:

m * meristematic region

Figure s. Sections through peripheral region of call! after 12days in
culture.






plastida, The sttD-peripheral calls (fig. 9*a) showed intensely dlvidtatg cells
forming groups of "nodules".

The peripheral section (fig. 8-b) of gibbsrellin-treated tissue sbowitd
soma cambial-iike cells, smiU In sin with deeply ;tainiag plsstlds. Some
of these cello were dividing. Sections through the sub-peripheral region
(fig. 9-h) ehowerl the appearance of new parenchyma cells which were com-
pactly arranged in rows and protruding coward the peripheral region. Xylem
elements Hgtfhdd parenchyma were also observed
Cultures after 16 daw:

la gjtoterelUn-free medium, at the peripheral region, primerdle had
formed by the 16thday, aa shown infig. 1ka. the tunica cells (of the apical
two layers af the tunica) were narrow and elongated, due to the predominance
af andatiMftildMMMM* Hhg smell sails cenmdnad leans snolsi and small m
vacuoles, the aacclan through the central region (fig. 12-a) showed xylem
dam—  dividing fed non-dividing parenchyma plaadds.

the dividing parenchyma cells st the peripheral region (fig. 10) of
gihherellin- treated tisaua contained rdatlvely deeply  Inert nuclei ©
.;aleaeld5| the central region (flg 12-b) shovved differentiated xylem elements,
with non-dividingparenchyma *** UgslHtd parenchyma calls.

Cultures after 20 days?

Shoot primordia, with probably two layers of tunica and with the corpus



Figure 9-a. OibixsreUin-free medium. Note nodule-like meristeraatic
regia* just b*low surface of caBus which probably la early
stages ef atom primordiuoi. 70 X.

Detail la:

Ic * localized dlvlaloa

Figure 9-b. 1®2/1Q/L, ScMMrtno mi/«amhinrt- -1tiro wnatoM amf na
«traettira indicative of developing primordium evident. 145 X.

Detail la:

e s« cambium-like regions

Figure 9. Sections through sub-peripheral region of tissue after 12days
lacalXgjjpj™






Figure 10-a. Gibbereilin-free medium. Note well-developed prtaordium.
70 X.

Detail Is:

p * primordiutn

Figure 10fa. 1nmg/1 GAg* Note widely scattered cambium-like regions,
but no primordium. 145X.

Detail is:

cs * cambium-like region

Figure 10. Sections through peripheral region & tissues alter 16days.






Figure Il. Section through antral region of tissue cultured Id days
on gibbereilin-frse medium. NLce shoot primoxdia directed
towards cavity within callus. 70 X. ,
Detail is:

p « primordium






Figure 12-a. Gibberelldn-frae medium. Note cambium-like regions and
xylem elements. 14SX.

Details are:
c* « cambium-like region

X « xylem elements

Figure 12-b. 1 mgs1 GA«. Hate also cambium-like regions and xylem
cells. 145X.

Details are:
cx * cambium-like regions

X m xylem elements

Figure 12. Sections through central region af tissues cultured 16 days.






Figure 13-*. Gibberellia-free medium. Note well-definited primordium
with tunica and corpus. 70 X.

Detail ist

tc « tunica and corpus.

Figure 13-b. 1mg/i OA”. No primordium still evident. 145 X.
Details ares
X » xylem elements

1 * small cells

Figure 13. Sections through peripheral region of tissues cultured at 20 days.






below it, bad developed la controls as shown infig. 13«a. Ibe tunica calls showed
densely-stained platffda and nuclei. Ifceee cell* were dividing predominantly
aartfltMlly, endiere ftm narrow end elongated. Tbs central region of
die callue (fig. 14-a) showed differentiated xyiem trachieds. in the callus
cultured on glbbereUia, some el die newly developed calls contained dense
cytoplasm, very few nuclei and piastida. Xyiem elements were scattered
throughout die callus (fig. 13-b end 14-b). Adjacent to these xyiem elements
were some dividing cells with large nuclei} non-dividing parenchyma calls
were eleo evident.
Cultures slier 24 days;

IVenty-four-day old culttsraa in gibberedin-fxee medium showed dense
cytoplasm hi moat of tbs calls; dseply stained pUedda were located close
to (he leaf primordial region. Pig. 15« end Id show differentiated xyiem
elements.

Section of the peripheral region of tissue cultured on glbbereliin for
24 days (fig* 15-b) shewed relatively large nucleated cells oat some with
plaatids; xylsm elements were slso evident. Call dlvlaiooe in the camMal-
like regtons were sleo observed.
Cultures after 26 dew:

Small dividing sad large non-dividing parenchyma were predominant

components of die whole cluster of nrimoxdia differentiated in control ¢<««m.



Figure 14*i. OihborffHip-free medium. Note scattered cambium-like
regions ead lignifled element. 145 X.

Details are:

Cg* rtmhhim fgg™g

X* xyiem

Figure 14-b* 1ngy/1 OA3. Note also scattered merlstematic regions
and Ugaiiicatton. 145X.

Details are:

Figure 14,
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Figure i5-a. Gibberailin-free medium. Note stem apex with leaf
primordium. 70 X.

Detail la:

p * primordium

Figure 15-b. 1ngy/1 GA™* Note protruding structure suggestive of early
stages of primordium. MS X.

Detail Is:

cz * cambium-like regions

Figure 15. Sections through peripheral region of tissues cultured 24 deye.






Figure 16. Section through peripheral region of tissue cultured 24 days on
gibbereUin-free medium. Note broadened base of primordium.
70 X.
Details are:

p » primordium

b « broadened base of primordium






H » dividing cells contained Urge nuclei, densely staining cytoplasm* sad
pUstlds. These clusters ai primordia arc shown in the peripheral section
ol fig. 1r-a.

Cell division is intense at fits callus periphery in cambial-like regions
ol gthbsrellin-treated tissue (jfig. 17-b). Tbs dividing small calls rmtliMrd
large nuclei. Below the sub-peripheral region soma ol the cells were not
dividing. Thn newly lormed cells V\{QI’@ a}l’?o protruding t_cewaI"d t{\g E,grip\/heral
region ol the callus.
Guinea after :2 days:

The 32-day cultures (fig. 18~at alg_d b) In both treatments Vabound evidence
of sheet primordia. With GA-treated cultures at thia stage, the primordial 1
meriatam was enclosed within largo non-dividJng cells; some of these cells
poaaeeaed iignified cell walla. la aoa-GAj cultures shoot ekwgattoa rattier

than dnBhnantlstiMi seemed to ilnsae



Figure 17-a. Gibberellin-free medium. Note cluster of sboot primordia.
70 X,

Detail is:

p ¢ primordium

Figure 17-b. Img/IGAg. Note absence of primordium, although cambium-
regions extensively scattered.

Detail ia:

ca» cambium-like region

Figure 17. aectiona through periphai region of tissues cultured 28 days
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Figure IS-a. Gibbarellin-free medium. Note emerging shoot. 70 X.
Detail is:

a « shoot

Figure 18-b. 1 ng/1 OAg. Note young primordium now detectable. 70 X.
Detail is:

p m primordium

Figure It. Sections ol tiaauee cultured 32 days.






Shoot primordia Id tissue from the gtbbexoUin-froe medium were first
apparent la 12-day old cultures (See fig. s-a). However, these ware net
well-defined end shévved only the early M g n of <Mewiy>ffaxt They
appeared as clusters of actively dividing cells just beneath the surface layer
of the callus. Sterling's work 01950, 1951) with tobacco stem segments indi-
cated that the first primar<M«@m was evident in M-day old cultures; the pre-
sent study with callus is in close agreement, this comparison is, however,
not valid, since the cultures not only differed inorigin, but also hi nutri-
tional previeioaa. Ordinarily differentiation in stem segments is expected
to occur ftiilfr tfigg hi callus, fast Sterling's culture medium was not nearly
se optima! aa the medium used in fids study. It may be concluded that the
SgfiftnH nggjed during OhiMfc Mochemlcnl analysis ndbjhl fae carried out with

cultures under dn present conditions from a few daye prior to
a few days after tha 12thday. This may be expected 1O reveal in sequence
physiology ** * precedes *** |s concurrent, Unot concomitant, with
differentiation. Analysis of Obtained much later, particularly
beyond the Mth day, is not advised, inasmuch as emergence of shoots from

primordia will also fee occurring, the datawill no longer fae confined to

dHfcwfiMMn, fastIn shoot elongation.

M searching for gffjpd tofijj faynfiMII glbberaltfai brings
about the iahihition of primordia Initiation, tissue sections wore studied for

atfsoin upon ceil division end Updfacitkn» Cell division evidently is not
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pcwnMdt * * f t *ihs "tglfiiT with tlicnd» «msU» densely staining colls
with Iftrai uglat fnitM h> aett scattered throuidiout callus. b control
tissue camhium-like meriatematic aaate wore alao abundant throughout and ta
ri™i* wnso of tbt cell MMM bMMM iBtii tM utfM aad localised and
resulted la the formation of compact "nodular” structutM, dw <rlbod earlier
la atom segment culture by Sterling (1950, 1951). (Seefig. 9-a, 1ka), la
thaaa wHHhfliur structures, the ***»*e' divisious were [ ftnniitinitty ptrmM*! 1
with respect to the callua surface, producing a protrusion of tissue (e.g.,
fig. s-a, 13-a); later divisions gfijssaaidfiui ae well aad ggMfUHMfl tt
teoabafag of the protruded structure (e.g., fig. 16). Ingibberellin-treated
tissue, the cambium-like acaeo remained cambium-like indefinitely.

i of xylem elemeato is very likely net prepxequisite to
shoot differentiation. UgniHad tissue could be famed scattered throughout,

pertlculariy ta deeper - seated regions of the callua, irrespective of sheet

C4H e . .

r tf2\

pr jlyy<Hmin itio#rartaiflaj iaduSios of MggOreliili did **t provOUt
lignilicauoa (See fig. 12-b, 14-b).

From study* It la condtidad tket doos suppress
formation as raported oarliar by Muraahige (1961). Tbs msnhsnism la not
oaa of fatubkbt of coll diviaion —" la eaatrsry to the flptfay of 9riaa et. al.e
0960), that Ifie gihherellin-inhibited rooting hi fhaseolus and Piaum wee
asoociated with a proveatiee of cell division, it doee agree with findings by

others (Sachs aad tang, 1957, Sacha at. al., 1959, 1960; Greuiach aad
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Haesloop, 1953; Bradley aad Crane, 1957), chat cell division does occur even
under the influence of gibbereUin. The pattern of meristem&tic activity, how-
ever, is altered, aad as a consequence primordia are not formed.

U fee degree of lignification is aa index of vascular differentiation, than
die gibberelUa action cannot be attributed to to inhibition of vascuisriaatioe.
Unfortunately, no analysis was made of phloem development, and the validity

of fftie may be ouestkaaed.

AL VI m*ef,. Is J..C



SUMMARY

Aa anatomical study was conducted in atttmoui to (1) examine critically
the jf***> onoxdtBMt>iii of shoot formation, (3) disclose = ta flat ptnhahla
mochanlam underlying at* icaimh« ii aad (3) omiiUii dmcritical period
Jirii| culture whan biodMsicil analysis of shoot "] rt/fttiHit » » ™ *
iie best achieved.

A concentration as low as 0*01 ng/1 of OA3, or n dosage of O«S micro-
gram par culture, effectively reduced the appearance of doou. Rvamtsarton
of grrtinnn ihgyai * “ JtiiKifin« prevented of
prJmoardle,

A time course study using 1mg/1 GA3 also revealed that die inhibition
of doot formation me eneelated witht ptT*—  of primordhuxi differ-
entiation. dbdbe d M MIMad and th* fiutaddlid of IMpdttdd djdwHid dewMBud
Numerous cambium-like aouee more scattered lhrou'g]horjt die callus. ‘
These nones rsmsinsd dddidMdi*IMu Odd esch nan became more extensive
rfithvr duw Mitfr fhmvd

bm f fffif ef these, particularly these near the surface of the
became more restricted la area* ohomri much more hmase cell-division
activity, sad developed aodukHUfee structurese These la < nt developed

into shoot primorttta.



A few primordia, and therefore a few shoots, formed la glbbereUin-
treated tissue; however, they developed much later than la control culture.
Hie untreated tissue showed flret signs of primordia on the 12th day la
culture aad definite primordia on the 16thday; well-defined primordia were
observed in treated tissue oa the 32ad day,

H » critical period for biochemical analyses of shoot differentiation
waa tentatively established to Include a few daye before aad a few days

after the 12thday in culture.
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