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‘% ‘aBSTRACT.- -

N ° A L ~ 4 ‘
o W . . . é . 3 . . . . .
. N ‘ ‘ ) ) ’
" - An analySLS of growfh development and regeneratlon of
P - tomato (Lxgoper51con esculentum Mlll “eov. ‘Farthest North')‘

leaves was carrled %Bt §§ order to’ pronde a bé31s fPOﬂlwthh

- ) .
\

‘ 'the regulatory roles of glbberelllns in the developmental.pro— ;j

~cesS'es of root regeneratlon could~be examlned.

-
- ’
‘

- - The compound tomato leaf exhlblted a ba31petal sequence ’

L4

,of leaflet 1n1t1atlon and development whlch could be con31s—
: tently rela;\ﬁ to quantltative grgwth aspects as deflned by -

e the leag pLastochnon 1ndex (LPI) A formerly undescrlbed ]

marginal veif differéntiatEd bas1petally from the leaflet tips

)

and Lnterconnected wrth derlvatlves of the secondary and minor
- ~ 'VElnS. Dlscrete ontogenetlc §tages wera recognlzed 1n mlnor .

velna as they develOped from the upper spongy mesophyll layer v

R .- ine contlnulty with prev1ously dlfferentlated veans. Ve1n end-

. 1ng formaflon was a’ random process and appeared to depend:upon -

. . - 4 e
. the maturatlon stage of the surroundlng velns Hlstologlcal

-

ev1denpe was uncovered to support the concept of"morphologlcal
flelds" 1n terms of a ¢lose 1nterp1ay between planes of meéso-
. phyli cell. d1v191on and‘subsequent minor. veln de;elopment.
L ‘; Ni ' CJosely related to, the leaf'a developmental state was its
%, ability to regenerate ‘organs when 1solated from the’ plant. ,Two "g
rregeneratlng syatems were devéloped durlng fbls anestlgatlon.
©) the ‘tomato. leaf cuttlng (relatxvely auxonomous w1th4regard

. B K. to root xnlti%;lon), and,’ 2) the aSeptzcally cultured tomato

*

]
- T fleaf disc (totally;iependent on exégenous nutrxents and <




£y

-
£

RN K \ ‘ . ] ) (' .. !
- ‘ hormones) Appllcatlon of the LPL allowed the co sistent des— ) ‘:’“/w

- “ - - .-

RO !

.o . wlthln the deaf tissue; 2) a 1ate ﬁ%hlbltory effect whlch

BB P

. ‘,lng prxmordla by a parenchymhtxzatloﬁ proceee which ‘had its -

v ,or&gxh in' an earller GAS effect on’ growth stlmulataon of BT

crlptlon Qf root regeneratxve capa01ty in both systems.

B

Ih cuttlngs, glbberelllc acid (GA ) Anhﬂtlted root re- ‘f T

' 2

generatlon regardless of LPIB, prov1ded that GA3 was applled

prlor -to on durlng 1n1t1at10n cf prlmordla." Depepﬂlng on L
appglcatlon tlmt and concentratlon, absc1s1c ac1d and'varlous ) i

' -\ -
aux1ns were capable of rever51ng GA3—1ndueed 1nhfb1tlon‘ ..,

<3

Rootlng 1nh1b1tlon by GA3 could be correlated wlth‘avconcomi— .
. N\ - > ’

tant 1nh1b1§30n of locallzed starch synthes1s in the 1n01p-

T .

v

ient root pr;‘prdla reglons, and notowlth a GA3~1nduced
’

hydrolysus of starch in these . areas..

v LA

A more complex pattern emerged in tomato le!f Flscs - ,‘t

éﬁltured‘On deflned medla._ Aiixin-induced root prlmordla
\ . . .- : Y
could briginate’from:two tissue ‘types sihuitaneously over .a

-

seveﬁ day periogg i.e.'type I. primgrdia from‘phioeﬁ,paren-.

chyma of.tHe'prﬁﬁ’ry énd'eecondéryxveins; an tyre ir pri4
E mordia from the sheath )arenchyma of: m:.nor: velﬁ The ‘use of

the leaf disc system reveéled multlple roles of GA3 1n the

¢ elnhlbltlon of rootlng 1) an early 1nh1b1tory ef!ect (1 @.

> !

) durihg the 1n1t1a1 ua hours of culture) whlch conId be1rela-

ted to. a. QAa-lnduced fallure to rapldly accumulate starch

v

could be related to a GAa-medzated destructlon.of late fcrm-

-

'adjacent Ebrtical parenchyma, and 3) an: thibltlon of meri-

«

- 'stemoxd formation from sheath parenbhyma depzvatives .




T 4
.

’

" acid (ILA). A.study of possible

*

surroundlng minor veln!;. . Thls anhlbltibn would ~J.nsure an ‘

absence of type 11 prlmorﬂia formation.

-

Further work with cultured leaf dlSCS 1nd1¢ated a. GA3
. ’ I

13

stlmuLatlon of rootlng in contlnuous darkness mﬂunh could be

e

related to the speciflc lndole-3 acetic ac1d‘$IAA) precur— '

‘u

-~

sors,\tryptophan (TPP), tryptamige (TNH Y andlhdole 3- lactzc
ln:kgieffects en endogenOus

o

IAA‘éyntHesi§~through continuousﬁfeedlng of TNH —2— C over

a 24 hour period revealed no sggnlflcant effects on label
¢

A
1ncorporat10n although IAA synthesis was detected w1th1n thef

-

flrst 6 houffs. TLA was .observed tq- be a hlghly actlve comﬁ

pound xn the 1nduct10n of rootlng in leaf dlscs and GA
zlncreased the.act1v1ty. It 1s hypothe31zed that GA3 either

prevents ILA breakdown léad&ng to 1ncneased ILA levels. o1

enhances the SyntheSIS of aﬁhlghly actlve lndole auxin from

. l
- -

ILA. o , d

FN - - o on >

x . .
> vy ~ e . . . , A

Results indicated that quantitative and qualitative .

- features of tomato ieaf grohth development and regenera fon

could ‘be con51stently deflned‘in terms of the’ LPI . Furth r-
mdre,'lt appeared that glbberelllns could affect root regen-

eration 1n tomato by twé 1ndependent me ‘bds‘ ‘1) 1nh1b1t10n

of rootxng through a locallzed 1nh1b1tlon of starch synthe51s , .

-\

and, 2) stlmulatlon of rootlng through a GAa—medlated .

mcreaase in endogenous auxin levels.




RN [ L
- ACKNOWLEDGEMENTS = .

~ N .
-
’ s
: {

i

- " I wish to express my-gratitude to Dry R..I, Greyson
ooperation and encouragement thrdughout the

» B
-
A

. for h%§ advigé,
The helpful advice of Drs, W G

-course of this-study.
| T,

.
e

»
~

. R Smith’ for his help 1n electron ‘micro-

a photography, to

LeBlanc for her typlng, and to all of the

. 'SCOPY, . to Mrs. G
lant Sclences Department for Shiflng their

[ 2 , , ’
: ’ ] . .

' ‘ members of the

knowledge and xperlence w;th me,

" -
Special Mention must be made 6f my wife, Shirlyn, fon
N e

° .
. [

K

Flnally, the generous flnanc1a1 a551stance of the Prov;nce

’

of Ontario- through thelr Graduate Fellowshlg ptograms 13

greatly appreglated.
- . A'(. . J_ L

..

‘.

her unt&rlag ehcouragement helpful suggbstlons and patience.



, . ABSTRACT ...
ACKNOWLEDGEMENTS .4\ 'uvisssss

BBREVIATIONS Zused in the texty i Il

CHA?TER-I.
5CHA£TER 2.
‘. . y'. 21

e

(_.\A\ ’ .' ‘. ‘, - ~.‘ ; '2.3‘“

. .- o "‘ B
-
13 - L}
-~ o
- LI -
. s
. . . > I:Q
8 » . -
. - / .
n' 4
. o
, ce2am
CHAPTgR a.
%
2
-\"'
. k3
RO S - ¢ 3' 1
* . . -,
. , ) e
. . g A -
L - L 3 2
, s e
. - N B ‘
s B - #
- byt
. . » A, s .
o v s
. < ¥ -
- - e
PN Y .
A . {4
e
e
. » N k4
- -
. N .
Ny e
+ V- -
“ T ~
P ) - -
b . . P ;: LT =%
’ av . SR e .
\ - ' v . i
el P
. LT e ¢
MAT ¢ rs
v ‘: P
! ' - A 4
«
- B - et A
v

CERTIFICATE OF EXAMINATION

TABLE OF CONTENTS
| LIST OF PHOTOGRAPHIC PLATES ...
‘,“ . LIST OFTABLES. -looo-n.o'o'noccoo-oo---o‘o:-‘a-u,octo_:--

A AL : AR
'LIST OF FIGURES

INTRODUCTION
RRVIEW OF LITERATURE N

\
‘-
.

.‘ ®.*

TABLE'OF CONTENTS ~ ..

)
no.o-'o'-onkluo;onvn-‘--oon-o.
N

‘

..ll..-l...!!.l..‘cQ"'.l\l....l!l.l’ctttt.'O‘.l

RS ~

--o.'-.:-.cc--~--Qoooacooo'0-o'o--|'

l'QC.b‘..I‘!Ci.Ol..'liolﬁiOontl.

------------
L ET

~o|.|f...o!.o.."!.ll‘no..ol‘

Introductlon e

v‘&,‘th?ocooounou'occQ'..o
Organ‘deveiopmenta the leaf ............

Organ régeneraiion' rbcfé'Yibm‘léEQes°..

2 3 1 General COn51derat10ns Cr i e e

2 3 2 Hlstochemlcal studles

P I B S B R I AN

2 ‘3. 3‘ Blochemlcal studies :..f

* e v e 0 e e
’

Hormonal control of organ regeneratlon .

-

LEAF\DEVELOPMENT IN TOMATO ......,..;}r..'

Intboducﬁlon i................{

% ’ -

M&'tariﬁl&&ndmeq:h()ds lco;cotto.l.co‘tt.

3. 2 1 Growth and biochemlcal studies o

AR 3.2.1:1 Seed and plant -

‘ ‘ ® . N
’ productlon ..........L..

5212@mﬂhmummmﬂ.“.

[ . 4

f//y( 3 Chlorophyll défgr-‘ ,
' . PR minatiOns l.‘.lll'.l.’l;.
:‘ 1“("3\' - o3 e L 5 ‘
syt vid T,

“

CwX .

19
121

" ovii

viii

X
xxviii

xxxiii

15

15

.27

42
42

45
45

-

u5

46

46

. ’.‘




\ .D * : ,' : -. .
»3.2.1.4 Total soluble carbo- ’ Lo el

.hxdfate_deferminqtidn';. - 48,

“3.2.1.5 uétabch determination°..f 48

3.2.2° Eégf'oq;égeny studies ....... T g
) S.éf2.1 Clearing téchniquesn.... . “é
c : 3.2.2.2 Histglogicai fechnique . 50

3.2.3 Photography ..... ... ... i e 507

'%.Z.H' StatisticaloanalySis'..i.ﬂ ..... L., - 51
3.3 Results . . .f{.. 51

¢ 3.3.1  Growth and Bipcheﬁicél studies ... 51

3.3.1.1 P.I. and LFI: applica-
tion to the tomato ‘ e
. S.hOOt 4 0 0 4 0 0 5 5, 0 0 8008800 " ‘51‘

B.Q.ih2“ Seasonal aspequdﬂ_:.._':,° 56 ° )

~ .é.3l153 Growth feéfureé of a‘- ,
e - tomato leaf v.........40 7 Bb |
N \ 3.3.1.4 Leaflet.groﬁth'x....,};u 172
3.8.2 @ntoggnetﬁc s£uQies ; .',
3.3.2.1 -The adult leaf ......... 79
‘ ©3.3.2.2 JLeaf initggiion and early
R o { ﬁrimordiqm'developﬁent.. 100 ﬁ .
. 3.3.é,3 M?gginal;gpowth and' .
.; . | " . ‘lamina diﬁférghgiation . 103
3.3.02.4 Méjor venation dévélép-;,i_
. | ‘ment ’*"'2"’:""""' 110 ~
.\ ;', - 3.?.2.5 'Minor'venatioﬁ de;elop-
L - ; " ment .;?.;.;;.:.p...:.,. 128

te -
ﬂ" | .
L o




. - 3

° ." 3".“ piSCUSS'iOn'.-...'.-...-'.'c..-..w...,..‘.,..-‘nlse‘

" CHAPTER 4. ROOT REGENERATION FROM TORATO LEAF ., ..

' . . 'CUTTINGS i.}..,y.,.i......L;{}fi.‘.n.,..; °izof: I
i . ‘ h 1 Intfoductlon ..... ............ oo .....: 176‘ ; ~
h;? Mater1a1§ and methods R R AREEER <1730 (. '
. . % ,"RaZfl Pﬁeparat;on of leaf éuttings vesd 173 o
4,2.2 'Histochéﬁistgy ‘l..i;,.:ﬁ,. ..... e 174 ;
P C - . 4.2.2. l Starch . 31:...$ ....... . 174

g * : ‘ 'y 2 2.2 Amylase act1v1§y vi 174 -
R S SR T
' BN f . 4.2,2.3 Phosphorylase activ1ty . 178
( 42,2, 4 General histology ...... 175 * g
- 4.2.3 Carbohydrate ana1y81s'...t..¢;.f. 175
)" o ) 5 (/ e L4200 Starch syﬁtheals in’ 1solated~ _ -

°

e , ) ' ‘ o, .' PetiOle éegments .‘;ly‘ LU EU R “.:0 175

o - - ; ' ¥.2.5 Tptal‘amylaée éctivity' Civereese 176 *

4 o~ [ . >

o

. : T 8,28 Determlnatlon of .membrane. peh—

N me&blllty changes ; et 1&8.- {.:‘M?‘
R ) Photographyc...;.......c.;f...;..‘ 1790 .,

: . ' "Q ! 4.2.8 Statistical qnalys;s-.;f:...%...: 179 iq,

. : g A
q:‘ 3 Results*‘. . " LI I I O B B B .‘. LI N ] . LN B . * 0 88 00 . ‘ . a 179
e ‘ . 4.3.1 Leaf pos;tlon .3...Zl.l.i.;.....: 179

.‘r.:" _ - u.3.2 LPI .ll.ll!lzi'lC.'.l""l..::...l'.!l. 01’79

'4.3.3. ‘Alﬂ(inarc‘..u......-.c.,c.....-......“ 186 ) - e

;}ﬁ ) | ; 4.3.3.1 Different auxins: a ° °
" T, f' .., compari#on ........v00.. 186

4.3.3.2° Indole-3-acetic Zcid'...c 186,

: o 4.3.3.3 Indole-adbutyrie acid .. 193
i i S :
. N .. .uoav“ Ab!&isi@ Acid W.onooccooooov.-aou: 1930 Y

4‘ ‘ ix . LIEPEPS




L

Kif]etin ;.l.l?.

. 202

Gfbberellins
4.3, 6 1 Regeneratﬁoﬁ"inh}b}tion;

and its reversal .......

'Eiochemicalﬁandfhistb—
°.chem1@al changeq
‘aﬁsociated w1th GA3
inhibltion e
biséh%%iOn
Reof_REGENERRTION TRON TOMATO LEAF 'DISCS
GUqugﬁﬁ;gg VIZRO:
- OBSERVAT{QNS S

* .CHAPTER 5.
' PREEIMINARY
..l:-t.....
' infroduéti&n
Materlals ,and methods
In visrd Cﬁltureé
Histologlcal &nd Histochemlcal
Techniques \.......;..........i..
5 2, 2 1 Fixation and embeddlng
hfpr 1lght mlcroscopy
'DNA4gnd ka stalnlng
‘é 2.2.% Total proteln stalnlng .
5 2, 2 4 Baslc protein stklning
Starch stainlng oo
; 5.2.2,6° NaOH - baaic fuschln ’
whole tiusu& clenring .o

FPA - proPiocarmine

'ﬂholg tiocge cledring oo

203

225
247

256
256
.2573
é§7

258 -
258
259
258
260"
261
261

262

193




e ‘ o e e £
5%2.2.8 TFresh tissue histo- L WY

ChemiStry .vveemeenenso.. 263 %
> . R
o . ©5.2.2. 9 Electron micrbscopy e 263 :
. 5%2.2. 10 Photomlcrography .o 264
: ‘u§:2.3 'Statlstlcal ana1y51s ....... ":H! 265 ‘é;

5.3. ReSUl'ES l-tq-:oo.ou-.-'.~|oot’ooof-o--"-n’no. 265

.5.3.'? Culture, requirehnents for leaf
disc ‘regeneration in vitro ...... 285"

_: -5.3.1.1 Nutritional’factors .... 265
. . 6 " . . )
o .5.3.}.2 'Non-ﬁutritioQal'facgbrs. " 266 .

. 5. 3 1.3. HormonQE factors ....n.; 275

» »

~§i3.2 Hlstochemlcal aspects of 1nduced

¢ root formation. .;.....,..,J.{.... 285

, C

§.3.2.1 Hlstologlcal changes . 285 -

.o A ﬂ\\ﬁ\? 2.2 ﬂuclelc ac1ds -

. ‘ $.3.2:3 Total proteln ..;....;.. 307 -
D .\ . ;7,% 5;3.2.9-i§a51c pro§e1n-,...‘...;. . 3087 .
R | | , B 1-5;3.2;§ fS;abch T S 3 1
C 5.4 -Discuééion .L...Q:.u.Qi....L.f.....:.355 ) 332' SR -
* GHAPTER 6. - TOMATO LEAF DISCS CULTUREﬁ 'IN VITRO ;&\“ > |
‘ A | INHIBITI@N or ROOT REGENERATION BY . -
| ' | | GIBBERELLIC ACID ..lii;y.e.'vlogenenensny .,3420': L
: 6.1 ° ;ntroduct;on "*“*f*"'f""';‘“"';""" 352
L 6.2 Materials and Methads ... uu.ioesecscon. <343
o, 6.3 _Results LT

’ . ' . 'y "7 Q. . ’ - ¢ ‘368
LR Bo‘f DlSCUjBlOﬂ_...‘-......-.-.‘...:..‘....‘...--..f ‘.'

<




CHAPTER 7. TOMA?'

K ﬂ GIBB RELLIC ACID .......,,Aa....;...l.f.. 3750 5

' . " 7.1 ntroduétioé \..-.......,..i...,-...;... ,'375 ¢
. ; | 7.2 Materlals and methods :d.: ...... - Y X
f 7.2.1 Culture technlques U

. Lo -7;5.2 Radlotrgcer technlquesi- ..... ceee. 377 ]
S ‘; . "1.2.2.1. Tissue incubation ...... 377
e N7 '{.2;2.2-'Extragtion,of indole ‘
. P I -.,& ¢ metabolites :....u..l... 378

- ,‘-I\k " T o ) _: 7.2;7.?2 TLC éeparation of indole .
\ L metabpolites. ........ ... 379

| C7.2:2.4 Liquid scintillation - - " e

’ o o , ~ + counting .....0000ienn 382
/. . . - .- . . ] Ii Q X 4 ‘
" - - 7’ 3 Results T e 00 .‘l ® 8 6 8 U 4 B ¢ N PN SNy e 38u :

t

P 1& 7.3.1 Culture studles setietseaatarenan gy .

; e o o 2.312' Radlotracer studles e 396 .

N 7"“’ Discussion .....‘."'IOIUQCOIUC'...':"'“‘.'. u01
GHAPTER 8. SHMMARY‘ENﬁLCGNCDUSIONS“.:....g:....;... 417 |

APPENDIX*' 'STARCH STAINING TECHNIQUE - L.

a

.REFERENCES -oooo-o--v;cpo.oooo-on-o--t-o-.qi\-osoooo’;oo-A 431
VITA l.ui..oo"l'lv-..l.c.llto-.\.’.lrlgﬂit_l‘tlI“’...O"/.O‘Q:"v:.t.'l ‘470
) . . :§ . ’ g’ % s




LIST OF .PLATES

DESCRIPTION

’ .

Heteroblastic .leaf development in the tomato
cultiyar 'Farthest North} e..(i.u............ii

Vein types and dlstrlbutiOn in a NaOH cleared
i mature tomato leaflet .....

=0

,3.2;1'0 Cleared tomato leaflet showing maturg yéssel
elements of the marginal. fimbriate vein inter:
L] ) o

connected with the minor vein syétem Ceveeneaan

Cross section view-of marginal fimbriate vein

-
o

tina!;lab.ture leaflet -o‘o;;00-0.;0-‘0--;.’..5...

<

Interconnected vascular strands in the rachis
"of a NaOH cleared mature tomato leaf ....J...i"
Junction of basal leaflet xylem with the‘°

rachls vasgulatuﬁe in a NaOH cleared tomato

C

“ leaf *® o 5 0 80 .'Il‘l...‘...'.[4.'.'|.Ql..l6‘..'..I
© . ,%* ' 0
3.4351, Cross.section of a mature minor vein showing

. a éommon vascular arrangemeht I...............

- -

3,432 Cross sec;non qf a mature minor veln junetion

1} . !

3.5;1 Mature mlnor ‘vein ending 1n ‘a FPA cleared
leaflet focused at the level of ;the externalr

phloem show1ng "tight" junc21ons w1th “the

o

T ad301n1ng bundle sheath eells Jeee vy

Similar to 1° except focused a% the xylem

- o . T . : s ° 3
o level ...'......‘I'...I...Q..'.‘....'..‘..."‘,
i .




. ".‘ . ': , N 4
T 3.631. . Medlan longltudlnay section of a tomato
| ~ leaf- prlmordlum apqroximately 20- u‘hlgh een
L;;) 3.632 _Medlan long;tu@lnal section qf a leaf® .
eprimeréium appreximately 50 u high .;........;
. . ‘ ] . o . ' ’ ’
3.7;1 » « Cross sectional yiew of a'basal lQEe of the

o

terminal leeflet_showing fhefearly'deyelop—

<

ment of the six lamina gells layefs .n.fﬁ.;zhu

'Q.E*Q Slightly later stage of 3.7;1 showing the - - °
F ' 1 o . ’ ’ N o
. developnient of the 2°.vgin proqempium from’

-

. the UpPpPEr SPOREY 1aYET «evveeerevonnonenennnns

- L]

) 78,831 NaOH cleared immaturelleeflet focuéed_et the
. ilevel of the develcping'pél£s3de 1ai§f'w..:5..
) 3l8;2 oL éame. Focused at the level of the developlng
npper spongy layer ..............\...........,
3.93%1 Stomatal cell ontogeny 1in the lower epldermls‘-

-

of 4/FPA cleared tomato lgaflet B S

379;2 . Stomatal cav1ty-adjabea¢ to marglnal xylem
w - 'D ‘vessel elements at the FPA cleared t1p of-
- ' 1eaf1et3....'.......,...'...z................‘.;.'
. h‘illé-l ’ ?1p reglon of leaflet thhow1ng the developing‘
e procamblal strand of the midrib Cisedecteneens
'3fl0,2 Sllghtly lower than 1 .....::.}..:..;.t.......
?.il;l, Cleared region of . -tomato, seedling’ ‘hypocotyl
] o Bthing ex;ehsive phlpem bundle retlculum....f
¢ ! SO ; . o T
oy .. . - 0 )

102_ .

105

105

209

109

112

11u°

Il




3.1152

o

3.1231

3.1232

.‘flv

3.1331

N LB-1352

a - M

3.1451

s 3.1u32

out 1n 1

-the termlnal leaflet

phloe%ﬂ Strand Ql'....'lll.'!"

LI I I I I I B I B R I Y
I

incomplete vessel et v

. procamblal e

*Close- up ‘of the phlo%m branch p01nt poxnted ‘

showing the nucleated 51eve tubes~

LN

-
£ .
-

‘Base of Leaf 3 petlole sdelng the initial
deveLopment of the medlan external phloem
strand whlch w1ll develop acropetally 1nto
gater stage showing a 51ngle medlan veSSel

element strand ‘and 1n1t1at1ng 1nternal

4

the 1solated stem xylem 1nit1atlon 31te of

ijloee‘qp of the xylem initiation site for

c u

leaf 3 showing the t;Pical vegge% member
'modphology marking the'acropet?l end of an
‘.;....la...x.. ‘o
Progressive and contlnuous development of the
s of ‘the 2° veins and ‘their

dermwatlves from the upper spongy mesophyll

i

* Later 'stage ;ﬁan 1 shpw1ng thé isolated vessel

o element developmenx of the marglnal flmbrlate

and adjacent phloem paterichyma, .........j..u.}‘

Gleared hypocotyl of & tomato seedllng show1ng-

layer tllvcoo..tp!Ut-'l.tu‘bi.o-on--u-o-‘:onn-uqa

Veln o-oaoo.cltot.lo_‘otﬁutocon'.couio-tn'cvo‘co"

117

Pal

124
.
o
A21
t
- .
127
. -
Sl
PR




o

-

3.17;1 °

-

_ { . . .
> perforation plate ...[............;.....:.....

'Iﬁi¥§§l stages in the. devdlopment of the

mapglnal flmbp;gte vein xylem at the tip
/-—

A

of the terminal leaflet ......,..,..;........“

»

Close up of the vessel elements at the

1ea~fl,et tip l'.!..!..otoct'.oct\!t'viﬂ‘OQIOO;("'i'

NaOH “cleared pregaration.of an immature

A}

basal leaflet showing basipetal maturation of

the major and minor x§£:§7systems

. Basipetal and discdbntinuous maturation of thew

midrib and 2° vein xylem in an immatuvre.
» [} y ’

-terinalleafle‘t o.',lc.o‘oli\t..lic.‘.oi,ﬁ

»

*

<

Jmmature tip of Veaflet 3 show;.ng irregular

”~ $

maturqilon qf thq miner vein xylem and its

relationship- with the marginal fimbriate

‘(y1€m :..'."..‘.".."-".‘.‘."....'."’;‘."..'."

Immature margin near the tip “of leaflet 3
4
show;ng the nucleated vessel element with

-Early“stagesiin minor Vein.development féom‘
the upper. spongy mesophyll'layeélég viewed

in cross section N
Progressive,de?e;épmezt of a vein enéing as

vieWed in a FPA cleared leaf:preparation .....

Stages 6Aéndu7 ib“ﬂ!nqr vein develoPr’nent'as‘a :

viewed in FPA cleared 1eafiméferial .........{;

[
- .

Siﬂil&!‘ to l 00'000‘090'.oco,,l.no-‘,cc.o-ooo-?’c'oou .

K




\ q._
Stages lp and 11’1n mlnor vein development

-

‘. as vxewed in FPA ckeared 1aaf materlal e’ lul )

ery . . ..

'3-20;2 -, Slmll‘ar tO']- 0'i\to'c-'000.;0!‘kc-!;tﬁ:'!olvsovcut lul

)

' 2521;1 £ 2 Eiémples of.incbmplete tracheid matpratioﬁ

L)

‘in the minor vein system T
- T

o
\

B [ . . R ) . . ' : .
3.2251 Incomplete xylem deve%cpment at the- junction

‘Gf a 2° vein with two 3° veins in‘a NaOH

Clear'ed leaflet .l"‘;lI!'I'.OU..D'Ql!'_‘.t~""00

\ v

"Incomplete xylem developrent in a minpr‘“‘

. N ‘ * - . . .
V‘eln !,l * & 8 & & & 2 0 \ * 8 ¢ ¢ 8 P ."l " 0 8 0 o .~l ® & 0 % 5 ¢ 6 0 ¢ 157
. . s ' . . 7 i . ~
Cross ' sectiomnal V%Fw of a mature tomato. to

°
* ~

'petiple showing a portion“of the, vascular

1
.

Strand----'..'..--....’...va....-.;..'...-.-...-
‘\

IKI stalnrng of” Starch grains w1th1n pIhstlds

13

-occurrlng‘ln the stjarch sheath cells—....‘...

v e

';TCross sectEgpal view of a basal petlole

reglon treated for two days in distllléd

~wgter and subsequently stained fon)stardh

(Y

with I‘KI 5."{...",:..'Q.'.'..‘.';"...“:."...‘..—
Sihilar to 3, éxcept'petiolés were'treated

for. 2 days w1th GA3 and subsequently stalned

..
P

for starch with' IKI ......1.......:.;31...;:.

’ .
u *

Day 6. antiol petiole tissvie stalned for .
starch l".".’."..'..."....'.;".\"."..“-C

H;Day_ﬁ. GA3 treated petiole tissue stained

-
IR !

fO!‘ Bt&I‘Ch oo’ogco,noo'co“oofacoo;‘gyfnoc'..--‘qoc.0"

- v

-

»




d . b v, . - PR,

- s . . . ST
PR 4, 2 1, 8 va Amylase act1v1ty IOSSI!zed by the starch :‘%Hﬁif:?
:F“» T substrate film method wmthln the vascular.‘}J:;~§lﬂ',"
‘::‘, '.Lu;:i_ ;L;‘Tﬂ:,stﬂénds of basally locatedopetlole tlssue M;if .
| _.‘ B -;.*J'trc;ted with GA3 (1) for 2 days or w1xh ) ;( ‘ )
. . - ) :"_. " .distllled water (2) ,.v‘ .. 244 .
. | 5.1 . gytological aspeets of IAA' treated Icaf < ) ‘
| d!scs cultured in Ziiég :;A.;.:.;.Q?;..:....i. 292 -
5.2  . 'Early stages in root pnlmordia:develo??énni - SR ‘
. . ...ffom minor veins ,lf.%.:....ﬂ...l.:;..c...;u.. 295 .
. 5.3 : Léfe stgges,ir} r,oot" pr‘i_morgdfiu d;ﬁ({g']‘;pn}ren’c - /‘
frbm minor veins .;........f..}..%...i.:ff;f.. 297
S(u' ‘ Normal ontogeny of advenFitlous roots in 1ntaet . ; .
: - tomato seedllng ﬁ&pocotyls ..:..T:f...;:..{;fi‘;3007 ",
e " . 5.5‘-: ) Prlmarycxylem patterns in. roots 1nduced from °
| | tomat8 Teaf discs- cultured on an. IAA medlum 302
o 5.6 ’Azure B.stalnlng for nuclelc~acics in cultured | )
‘!~ | tOmato leaf discs @!.......::..:.u...:.;f.;... 305
. 5.7 Mereurlc bromphenpl ‘blue staining fer total :
. K ; protelns 1n the cultured tomato leaf d;;cs ... 310
. 5.8 - Mercurie bromphenol blue staining for total -
) N pPOtelnS in cultured tomato leaf discs ‘ : 312‘._
- A5,9: ,_Proteln stalnihg in tomato leaf discs_ cultured

on a- basal medlum .....,...:..,;...Q..‘.:.u..., EPLE
§.10 , - Hlstochemxcal charactnristios cf prdteln .
. : -mlcrobodies in tomato leaf discs aged in vitro

ot * . "‘ ’ fOI‘ elght da.y3 oq.l,‘. [ W By ] q:b‘loﬁ;clu .l,:‘ﬂtoloognttb'c : 318 .",

e [
» .

. ! -
» . . . . * . Vo




-4

:f’:x-» e - “~
- A * ! *
- h] N M *
o~ . . . >
-“_»‘; o ) . e ST .,
5.11 * . Prominent organellés of fresh'and in vitro .. .-.
- . S EY -« ‘' B . P S —————— - ., ’ ;,'

‘ageg’to@afo leaf tissue [ -320

. ° RERI , . - # w1 . ,7.,, '
5.12 Sub®eliular aspectskof in vitro Fgeditomato‘ |

- N

. L . , ;
§.13 . - Further subcellular aspects ¢f in vitro aged . v

[

. * L . [
N tomato leaf t{.SSuE.; 00!|c".c't"t"" "'r""':."é'. 32'4

v “ ' « “r T - -
5.14% . PAAS staining og.starch,gfainsginfcultured )

-

Al

S

. [ . Coe A , L.
5.15- . PAAS staining of starch grains.im cultured, .
B ot . . . R -

. tomat01éaf di‘SCS o-'oo-..o:?t-"..l:.lo~-o~.o:of'--. ‘I331
6.1 ~Histological changes }nduced’ip.ld%e formiﬁg

\

- I‘OO¢ Pf‘imordia by GAS too.Qtn’g'-‘oo-'o."oco‘o‘-no-oo .360

6.2  Abnormal vascularization of.'late forming roots

. °
h . .
P , 4 " -
lndUCEd by GA3 RN EER] I EEEEE R EEEEEEEL Y] “ s . 363
: ., . . . Ty ’
) 0 ) L . -{d ‘
b . .
) 3 i e
* 4 Lo - v
- N .
' E ]
. . R S ) ‘,
L]
. - - . =
. N . . . ) . - te » .
N » . ' l B *
» - . - -
v . A}
¥ -
. PR
. ! -
~ »
. s S, . - ’
. t
-
3

- '_'leaf tisspe cqv.}‘cﬂe’}:c;coo-t'-oo;--o?‘-"‘u-nc-v.:cc“"\3‘2.2

S

tomato” leaf discsev.ovvvebiliia, i el 329 - -




Ry IERS
TR btﬁa.,ww-:ga;w.pwmi aNve .t py,

LIST OF

DESCRIPTION--

Rl

Regression analy51s of plastochpon {ndex

a a

vershs time (days) ..l....;.....bu.:..LQ.n.... 59

D4

7Coz‘elatlon analy81s between L-PI3 and’
different tomato growth p&rameterg et
< S
Cell areas (cross seetlonal) and estlmated

" cé11 number in ‘the pa}isadevmesophyll tissue-

Of mature leaflets .’lltuno‘l-i-tc‘.-(.l-oon'o-‘tt

~ oy

Regre351on analy51s of the- log.,w1dth/length
values for tomato leaflets .....:...ué.::..,.J
".Regre581qn analysis of the log. terminal.
leaflet 1ength/1ateral leaflet length for
tomato .(............w:....ﬁwh......;.....}..
'Chl Square anéiysis.of vein ending frequency

a -

inmatm tomato IeaVES LI B R N B A SR BN I SR I Y )

A summary og importdnt early ontogenetic
y

©

events during tomato leaf growtﬁ and -

developmén{ ....;.f.....................1.:... 159

s

Effects of Jifferent auxlns on root regeneration

o ~
-

from mature leaves .-...t...-{;.--w....g.,;..o-187‘

,2,4—D,concentrat19n %ffects on root

- - B
N

T‘egeh&!‘ati?n'.-:.oo-..oo--o-.foo-o.-.....--'-“!;.,‘.. 1'88

i3
~ ‘ . -




“

- H.18

4,11 B

B.12
4.13

414

¢

, 4.15

*

regeneration .....Z.....

'C'; IAA concehtra¢1on effects on root

Effects of. IAA on the growth/regeneration

‘cornelatlon coeffitient

‘%

LI T I I I O I R I I ]

1BA vohcgntration effects on root

.. ]

regeneration .......000s
-' ©

L4

-~

LI I I K DK L I T I T BT TN IR I B

. ABA ‘concentration effects on root .~

regeneration‘.....,...."...

L I I B B I I I Y )

. ABA effects -oh auxin-induced rooting

“Kimetin concentration.-effects on root

regeneration ...........

Kinetin inhibition of auxin-induced rooting

)

'GA3 concentration effects on rdot

regeneration T

Correlatlon and: regression analys1s of GA3

i/

LI I B I IR T )

effects on rootlng requnse/organ growth ..

Effeet of GA on petlole length prior to and

‘.

durlng root regeneratlon (........

%Tlme course of GA3 (1 x 10~

k4

Duratlon of GA3 treatment on root -

1

fegenerati n‘..;...;....

Tlmlng bf A, (1 x 10

-3

!
pulse) Qn subsequent rootlng 1n tomato leaf

-

&

M) treatment (30 min.

* 8"0 9 B 8 a8 e e e
.

o

M) 1nhibifioﬁ“

of rb tlng in tomato leaf c¥ttings v.veenenn.

Cuttlngs l..‘.l!"..."0'.!."!."0'0.'!.....

PhosphOn D concentration ef{?cts on'root

regeneration inhtomafo.IEAf}éuttings.«.....{._

v

189

201
202

- 204

207

208

209

210

211

213




4,17 _Non—reversibility of Phosphon D inhibition" f,

"‘.C Of POOt‘ing by ﬁaUXinS“.-.--.w-o..v-’:ov-h ""'I'.Ut 21'4‘

4.18 CCC concentration effects on root o ) ®

regeneratden’ in tomato leaf cuttings .........  215-

3

4.19 ) AMO-1618 concentration effects on root

regeneration in tomato leaf cu¥tings ......:.. 2%5 .

4.20 Reversal «of GAé irhibition of root regener- ‘u. e
. ation in tomatq leaf cuttings. hy " ‘ ,
R ’51mu1taneous§ézxin treatment e e 217
‘N.ZI ' Tlmlng of IAA treatment on GA3 ihhibitibﬁ of \"j ¢

P root regeneration in tomato leaf cuttings c.l. 218 o

3

.22 Tlmlng of IBA treatment on GA3 inhibition of ' N

‘ root regeneratlon in -tomato leaf: cuttlngs ool 219

4.23 Reversal of GA3 1nh1b1t10n by 51mu1taneous
ABA treatment'...;.....:.f.....‘ ..... Nt 220
Ch.2n , Timing.of"ABA~treatment on GAa,inhibition of".
Lroot'regéngrétion in tomato ieaf cuttitgs ..o 221
4.25 - Reversal of GA7 iphibition of roét regenera-
tion in tomato leaf cuttings;byfggmultaneOus

ABA treatment ...a..t.......!.:...r ce e te. 222
& I - '
4.26 Timing 6? kinetin treatment on.GA, iphibjtion o

-of root regeneratlon in tomato leaf cuttings.. 223

[

4,27 ¢ Bffect of kinetln/ABA treatment on GA, o

1nh1b1tlop of root reggneratlop .;,,y,,!..ﬁf.. 224




v I ‘; .
[ Bd ’ .9 . ' °
? . oL i . ‘a‘ N ' o - ' ¥ -

- AP " : 0

. 4.28 - Effect of GAB-On sucrose strmulatlon of root
. .
: . ’ regeneratlon in tomato leaf cuttlngs main-
. R T , o\
. - ' . '\ . tained in contlnuous-darkness T AT

2 oy29

«
r

Staroh‘lexels.in GAthreated and untreated '

petioles'afteris days in contihuous"darkness..

14

Changes ln ‘the specgfic act1v1ty of total
! RS aﬁ?laSe in GA treated and untqeated petloles
, "h.al'_ Eftect of GA3 pretreatment on’ subsequent
starch levels in isolated petlole seghents _
. , exposed to ;M G-1-P forBQ hours .:....[:.:.'
W3 Effect on' é on starch syﬁthesis in A
) ‘1solated petlole segments exposed to 7 ~
130 MM G-1-P FOD 3 hOURS +nennienieniete it te
’ u.3é -Changes in cell&lar membrahe permeeblllty “
.'of GA4 treated petlole segments .L.(....g}%;,i
- -5.1, Effects of LPI3‘on regeneratlon response o
. . . ¢=of cultured tomato’leaf discs to varlous _ )
‘ ] v1tam1ns ....;.;... ..... ehe e Q&o.;... . f}\.
. ! 5.2~ Effects of medla pH on, growth and regenera-
A B - tlon of cultured tomato leaf discs ey
3 f ; ’5:3_~ Bffect of llght 1ntens1ty on midrib and rooxt
o o ; el&ngatlon from regenerating leaf»discs on
) g medla contalnlng dl@ferent levels of IAA :....
5.4 Effect-of light*treatment of different augln

-
» - h .
.

media on subsequent root regeneration .:..,....

Y

226 © - -
236

242 -

i

248"

267

269

272

273 -




_‘5.'5' ‘Effects of LPI on regener‘atlon

\of tomato leaf dlscs t& dlfferent IAA .

.

© . Concentratlons * e e, 0y .v' * e oy ". L] ."..‘ 'r' L LI I I I 2 2 I I I ) 27“
"5.6 - o Rooting responses 6f matur\in %eaf‘d»iscs - '

\C

to lowkqoncentr‘atlons of IAA R R 276

<

5.7 o Effect of IAA concentpatlon and duratlon ’
~ of treatment on rootlng e S . e 2777
5.8 . MOdlflcatlan of the prlmary vas_cular" - *y: e
.. ‘patterns of emerging root prlmordla arzd :
) ; . their subsequent ”growth Chnere e e . 280
: . . - . :
5l9 Effects of dlf’ferent substltuted phenoxy : J
| ac1ds on root regenﬁer\atlon from cultured e
o - tomato l‘af dlscs»‘ 282 .
“5.10 Changlng sen51t1v:.ty of cultured leaf discs .
- 4 to_ exogenous TAA gpp,llcatlon‘s 5. Cieeeen ‘ c.p.. 283
<L S . -
5.11“ In vitro aging Gén,nd .loss of ’regsnera‘tiou'

. cpotential .. .eeeeeenaiain t.\ Y1 - L X

45,12 Effects of giffersnt auxins on‘root ’
' regeneratlon from in vitro aged tomato T »
¢ lea\f dlSCS c-- s o0 e ‘0 |"¢ ) S s o0 u .' DR BN 'Y -;. :- . .:’. - .' . e 5. s e 286 kS
. ” ° LR}
$5.137 Effects of woundlng n::mcl klnetln on regenera—

-

tion.of in vitro gged “leaf digcs ..e....,...... 1287

5|...Iti T Charactem.s*of protein mlcrob&dles £i'4>m
Py : .
- tomato leaf discs cultured in vitro ... eseees 378




- ‘. -v;;“ ) ¢ “, .
| CL i :
\I. ‘ S 6.1 0 GA inhibition of auxin-induced root . oo o
Aregeneratlon f matomato leaf alscs cultured '
. in contlnuous darkness or continuous 11ght .;. 3y -
'6.2 , GA3 stimu{etion of growth ig cultu:ed . : ﬁ = o
) ) tomato leaf tisjgue im the iigﬁk ...;,...:..... 348
’ 6.3 - .E%fect of‘ydit;el GA3 treatment period o ;. g
. | j‘ - on sdbsequent ro;t regeneration fromg .
s T Lo o : : !
~ - tomatc leaf discs culture in vitro ............ 349 P
T ‘i ' G}Q S Effect .of late GA treatment perlod on .
' .. A: o subsequent POOL regeneratlon from tomato " 3
-

' ‘leaf dlscs cultured‘in=v1tro .........l....... 350
6.5 Effect of short GA3 treatments at dlfferent s

‘1me pemlods on subsgquent rogt regeneratlon o

from -omato leaf dlséé cultured 1n v1tro esee. 5351

0f sucrose, conCentratlon on growth . .

o - div + and regenerat!Pn of tomato leaf dlSCS as

-

T R modlfled byas:Lmultaneous.Glg3 appllcatlon .. 7., 355 e
‘ " ’8;7 _ S-Effects of GA3 on rootlng 1nduced by - ’
‘f‘r- o C : 'dlfferpn? types of auxxns in the dé?k ceeeess. 3B _
o 6.8 ’ Effect of GA eoncentratton on rootlng e -: ;
. 'jﬁ_ e ' response in the 11ght of«tomato leaf ‘discs ‘ \
P L :cultured in’ vitro at dlfferent IEA =

.

o , 0 .

- R C,Oncentra'tlons,.r.-.;...'{.,j.'u..q‘...'-.......’-‘.-.. 365




6.9

6.10

5\

-6.11

N4

6.12

6.13

o

°

. GA

3 - ’

discs cul in yitro in continuous .

P

darkness -.

L R O A L 2 R I O A I R R N I O O D L I O A D A B B}

Effect of .1ow$CA3 concentration oR TAA-
* induced rod

-

t regeneration ‘andggrowth.of

¢

' tomatc leaf discs cultufed 4n vitro e

I

Effect of GA; on tomato leaf disc growth
‘in the llght or dark .f;...i....M..;..........

-
< Tw

Effect of ABA on GA rootlng 1nh1b1t10ns

¢ an growth stimulation from tomato‘leaf,

o

discs cultured ih VItPO fouv i e

5 ~

Effects of an 1n1tlal 2u hour ABA pulse .

on GA, inhibition of root regeneration i..l...

. ©

R

G

“ ~

1ndole derlvatlves ...........:......x;.l.....

4. effeats on rooting in dark in the... -
presence: or absence of tryptophan :.....i..z..

r

- GA3 effects on rooting in the dark in the, ’

4

presence or abSénqé of tryptamine .........i.s

<

Effect gf leaf age on GAj. stlmulatlon of

root'regenerataon at dlﬁferent TNH2 4

[P

' . concentrat:ﬁhsb................ﬁ?.............

Effect of GA and various accbssony !Ectors

L ‘on TNH stlmulatlon of roptnng .............,.'

£ values and colour react ions- of 51mp1e LY

381

387 .

386 -

£l

388

8 .
e+ ‘i o st o W =

€




CRaia 4

Qi

S S
A

Tos

e

[+

-.enhanpement of'rootlng by TLA in. the

) @AS concentration effects on TNH2

Effebté'of acceSSOryffactors on‘ILA

+ H
o> ) . o

w
o

Effect of GA3

gf rqot regeneratlon;....................

and GA7 on the enhancementv

<

Efi;gts of klnetln and ABA on the TNH2
- - ,
enhancement of root regenenatlon e ne v
, o
3 E

root regeneratlon

QA effects on- IPyA etlmulatlon of

Y2

N - o

Effests of accessory factors on IPyA

-

enhance=

[

N

stimylation ®f, root-regeneration e

2 ] & . : ° »

TOL‘concentratidn.effecté onh root

&

pregeneratlon in .the preaence or—absence

<

- . . .
~OfGA‘ CECEE SE IR IR -n..oo.‘.-r-..i.c.o-.--o--.t.'..g'

LA concentratlon effects onarobt

r °
“ n

©

B - .
¥ ‘ v . »

9 Y. .
GA3 -.-.(...................."3-,.1-...-....-.'..
. r

:

,

..

regeneration in’the presence or-absénce of

v

st;ﬁulatlon of reoot regeneratlon ........23;

- - I

GA coneentratlon.effects on"ILA" e

L0

'enhénéement'of r6ot‘regeneration e et e et

Effect of:high Tﬂﬁz concentratlon on the

L}

§

/ . RS

‘effecﬁs on the TNH m%tabollsm wlthln
. - "
tomgtq 1eaf dl$CS cultured 1n'vxtpo

}

<0

D I R R I N R R R S S TS S I

o~

’

ment of Proot regeneratlon R R R R R

Ove!’azu hour'pe'r'lOd UUOOQA"&'Q'OCIOOOfOOOII'

e . . .
» n6 . T - 't v

390

°39%

presenqe-oﬁ absence of GAs _..".'”"'.;;'8..'3.u00




o> . FIGURE

-

-

? ‘ . ‘o’ i
i 3\‘9
| .. T 3,10
= {
° ‘8,11
g - 30.12 °

" Fresh’ and dry weight changes during tomato - o e

e LIST OF FICGURESG' Ceel T '
. DESCRIPTION’ = - -, |PAGE
Probable pathways of IAA blosynthe31s firom | ; ’ g
tryptophan in tomato shoots ........t.s..;..,..- 40
"Succe551ve tqmatoxleaf growth an 1og length e .
expressedhas a function of time .......;.......0'53 a
Nomogram uSed to calcdulate fractlonal plasto—' )
°c;lron values ...f:l.ﬂ.....t..Jl;...:.iﬂf......i .55
f?.Ii data. for &n inditidual p}ont plottéé“ - D
‘aéainst t&me.inIQays a.........{..{%... ........ 58
Growtlt in length of altornate, succe551ve
1é%ves‘expre35ed as a functlon of L § I. .:.... 61
.Sepson f}uctuatldnsatn=varlogs gnowthAparg— h} . .
meters of 4 week o0ld. tomato shoots -.";w-.:o;._ 63 - "
:Tométo.iéaf gféwtﬂ d?r;hg.the summer and ) e
FINEED Vet en fee s e i i, BT
‘ . : L . =
Growth inilengthgqf the tomato leaf petiole - .. . ..
and rachis (including terminalble&flet no. 3) 5"§9

. 1eaf’ d:eveloybmerft ..l e ¢ 4 \| .0: * % ¢ & 8 0 0 '. . " 9 0 80 .‘I * w8 ..'('. 715' i
Carboh&drate cbanges during tomato leaf Pt "{
development o L B ‘l ’. - ‘n. l“l 'l. . . *» 0 & . . COO . g . ;‘:" - ; LI I ' '7'4 "

o':

. Total chlorophyll changes- durlng tomato leaf

o a” o . 5" .]::{
development 0-'0000"..0.-0.00'-otc'ooucaqg, . o & '6,,

-

Leaflet growth in the tomato Yeaf .............v 78

Number' q; xylem vessel elements witndn the o .
tcmato petiole as a furetion of LPI3 ......f.., 125 .
T Cooxxvdii C -

-t
' a.




N ~

L : D g f .
| g £y
3.13;A ¢ B Prdggeséivq‘forﬁation ofominor veins - i "\ )
| within ﬁhé;develd$iqg leaf?laming as o‘t g
, ’viewed in paradermal égctibn el E e . 143 L
3.19;A £ B }urtheq'exampleszbf the prégréésive
’fdrmékio?'of‘minof veins within the® N
' developing tomato leaf lamina P, 145
"3.153A ¢ B Multisériate development of minor~procambial
strands as well as apparent multiple areole
. fOrmation‘...;.:.r..;...a.....;......‘,;.ﬁ... 147
3§16;A; ' Areolé’ﬁorﬁatioﬁ 9ue$té'£ul£iple procambial
- 8trand 1j kagegwi;hinlan earlier formed
éréole R I IR s,
3.163B + Later stake than A ﬁ\ e
'3.17 ' Generalize ary of pminor vein ontogeny - | )
P in the developingqtomato lamina ../ e.eev0en.. 154
13.18 . Pattern of lamina development in tomato....::' 161
4.1 ] "Effe;t of sh;ot agélapa leAf ﬁoéiggoh on
élo; " poot rééener;fi;n capabity .....;.........;.; ., 1lsl
_u.éu, s Reotcregeneratlon of . dlffergng,tomato leaves ' ] E
. ‘ ‘asla function of tpeQP”developmental age el 18{‘
4.3 . Root regeneration of ‘tomato leaf no. 3 as_
: a fuﬁctign of-;he deve%opmentaligge ceeeepees 185 7
4.y " Effect of féﬁ on root regeneration of tomatd .
’ leaf no. 3 ;s:a’functﬁon of its devéiopmenéal/‘/
jc , égé"""'335':2;:é"°;"":':":""'“C°';;" lg}ﬁﬁ
' B:S ’ 'leffgcta of‘%BA on root regeneration at / ; i
e “différent morphological ages ...:............ 196 . -
. L, Co '..e- . , . “
B R




4.93B

H.Ib;A

4.10;B

4.113A

©different morpholqgicel ages

-absence of GA3 AU co s us

‘pPresence on‘abSeﬁce ofﬂGA3 vetserseneaaans

Effects of ABA on root regeneration at

L

L N A LI T I BT N I O I
v
1

. S
"Effects of GA, on.root regeneratiotn at’

~

different morphdlogical ages e et eee e

Total soluble'carbohydbate cHanges in tomato

-

leaf cuttlngs durlng root regeneratlon in

f

"the presence or absence oi GA3 et e

]

Starch changes in tomato leaf cuttlngs durlng

.-root regeneratlo? in the presence or abgence

o - .
. ~

Of._GA3 :o’-coo.au--‘cai‘--lo-o--o.onulto.;.‘.-n

g _ .
Starch changes-in tomato leaf petioles .

o 3 R ’ :
during root regeneration in the presence or

Starch changes in tomato leaﬁ blades durlng

3

root regeneratlon in the presence or absence

of GA

. .
--00'-'0000'00“---t_--ooo-cg--qco-

3‘0..".
Total soluble carboh%irate changes in tomats

leaf petioles during Yoot regeneration in the

" KR o
Total soluble carbohydrate changes in fomato
. . ~ ’

leaf blades during root regeneration”in the

Ly

~ov|onncu-v---.¢.".--

presence or abserMe of éA’
Starch changes in petiole segments (0-5 mm
reglon measured from the basal petlole end)

treated with 1x 10" M GA3 or.dlstllled

Watez’ o.0:no0‘-'&0000...-00::".0:‘.9“!.00001000“0.0_

230

199

206

227

227 -

230

233

233




Starch changes in basal petiole segments

(5"10 mregion) -otnltrnt'o'ov'.-c'-

Starch changes in petiole segments (10—1Snnm

region measured from.the'*basal petiole end)

treated’with‘; x 10""+ M -'GA3

Wgter‘ ;I!O't.'l'i!'..'."\;'..l.!‘l",'.ioal'tvﬁl

or‘distilied
240

Starch changes in petiole segments (15-20 mm

"

region) ................Z....
Proposed main pathways for stardh synthes1s

‘Effects ‘of light 1nten31ty on root

-

regeneration from,tomate leaf disgs cultured
in vitro on media containing different IAA.
cqncentrations ...,...:: .

IAA effects on root distribution within leaf
discs cuitﬁred in vi¥ro coieveiiiiiiiiieae.,
Nucglear and nucleolar volume changes in three'

different tlssues of tomato leaf dlscs.

’cultured on -inductive or non-lnductmve medla . - 283

Tlme sequence of developmental events in
cultured tqmato leaf dlBCS ...............Jr.. °%36

Timef course of root regeneration from tomato

leaf discs cultiired in vitro in the presence

or absence of GA, (1 x 10—4 M) ticervevavennn.. 34T

»

Presh weight/dry weight ratlo changes dunxng
root regeneratlon from tomato ‘leaf. discs

cultured in vitro in the pgesenee or abéence

ofGA (1% 107 M) vyt ieei it




R grer Myt b s
A e

SRR s N L R e R MY PR lTBCEra v, PRI o
L M A :
. 4 .

" Effect of exogenous,.solﬁbe“carbohydrafe

type and concentration on éA —induced

4

inhibition of rgpt regeneratlon e e
Changes in total seluble carbohydrates
durlng root regeneration from toma:\\isaf

discs cultured in v1tno 1n the presence «
D s

or absenpe of- GA (1 = iO M) -,

. N
Changes in ‘starch cohtent during_root

-ﬁegenetation from tomato leaf:discs cultured

N

in vitro in the presence ar absence of GA; ... 357

TLC distribution:of labelled tryptamine

‘metabolites in tissue extracts after .6 hour

incubation in the preseﬂpe (---)-or absence
-5 '

3

'("""—) Oflxlo M,GAa 00'-"'-..--.'.-'1..,.‘.--

_TLC distribution of ‘labelled trﬁptaminr

metabolites in tissu€ extracts, after 12 hour

~ incubation in the presence (---) or absence .

(".‘"_“) Qflx"lo‘-sMGAs ..h:!.ll.t..l....‘l’loll
TLC distribution of labelied tryptamine -

metabdiiteé in tissue. extracté affer-2u“hbur

-

1ncubatlon in the preSence (-~=) or -absence

-5

("_') Oflx.lo MGAa co’--on‘ooou;oo.--nonuo-

.t

.TLC dlstrlbutlon of labelled trthamlne
metabolltes 1n‘;issue media after 24/hour

1ncubation ‘in the presence~(—-—5 or absence ,
-5

.

MGA.3 .-.oo‘:loloo.tu-.oooolwo

Lo

(=) of 1 x 107




R o e I A

ABBREVIATIONS

-

ABA . .AbécisiC'acid'

AMO-1618 _Y2-isoprbpyl—u—dimetﬁylaminorswmethyl.pheny}—l— ]

plperdlne carboxylate methyl chlorlde
(2 chloroethyl) trlméthyl aﬁmonlum chlorlde
Cultivar c‘ oo v
2,u;diéﬁlérophenoiyacetic acid
Sodium dieth&ldithiocarbamate
Formalln—proplonic acid- alcohol
" Gibberellic acld '
Indole-3-acetic’acid
Indole-3-acetaldehyde
Indbie—a-alpehyde
Indole-3~butyric acid
-Indole-3—1a9tic acid
Indbie-a;propiqpic acid
Indo%eJSrpyruvig"acid
Leaf'blastochrgn.ind;x '
Naphtﬁaléneacgtic acid
u—chloroﬁhenoxy—isobutyric aciq
.~ gZastaéhron It
‘9,3, 5—triiodiobenéoic ééid‘
-.Thin layer chromatography
Tryptamine
‘Trythphol (indqléas—etﬁandi)'ﬂ

»

Tryptophan




The author of this thesis has granted The University of Western Ontario a non-exclusive
license to reproduce and distribute copies of this thesis to users of Western Libraries.
Copyright remains with the author.

Electronic theses and dissertations available in The University of Western Ontario’s
institutional repository (Scholarship@Western) are solely for the purpose of private study
and research. They may not be copied or reproduced, except as permitted by copyright
laws, without written authority of the copyright owner. Any commercial use or
publication is strictly prohibited.

The original copyright license attesting to these terms and signed by the author of this
thesis may be found in the original print version of the thesis, held by Western Libraries.

The thesis approval page signed by the examining committee may also be found in the
original print version of the thesis held in Western Libraries.

Please contact Western Libraries for further information:
E-mail: libadmin@uwo.ca

Telephone: (519) 661-2111 Ext. 84796

Web site: http://www.lib.uwo.ca/




& . . H . . . . o

.
s* * - i .- oo
® L —_—

. ' o | CHAPTER 1

- C e INTRODUCTION * )
. . _ ] A . .
The most 1mportant unsolved problem,of blology is that
presented by development and differentiation in higher .
plants and animals (Stebblns, 1964).. A dramatic _and elusive'

Lt

aspect of this challengeols embodled in morphogene51s or the

L4

‘ orrgln of organic form. In‘attemptlng to explore this

proplem, Sinnott (1960) has suggested that one of the-most

> . . ‘ . .
4 ( productive-approaches[has been.to observe thé consequences’

wbich follow the experimental disturbance of. developmental

' events. Wlth Slnnott 8 suggested approachnas a starting

N

polnt I undertook the follow1ng study with & view to. .5

-

elucidate the developmental processes“of root regeneratlon

~

"in Lycopersicon esculentum M;ll.,cult;vark'Fartyest North'.f«=m%‘
s 3 . . ) 4 J M

Regeneration or "the tendency shown By'a developing -

-4‘

-

organism to nestore'any‘part of it which‘has been removed-‘
or physiologibally'isolated and thus to produce a'complete
Co whole" (p. 231 Sinnott, 1960) 'is a reproductive process". ‘
where the totlpotency of 1ndiv1dual cells and tlssu.B is .
expreSsed 1n e highly regulated morphogenetlc event. Whlle

the arguments concerning the "normal" versus "abnormal", ‘Y

- ' features of regeneration as a develoPmentel event appear ’_




. - 4 ) B .
01rcu1tous and unproductlve, it is Peadlly apparent that

Arégeneratlon 1s unlque in certain dlstlnct aspects ' y .
deflnltlon, regeneratlon 1nvolves an organ forming at a
site usually cons1dered unllkely 1n view of the normal
ontogenetic sequencge foundlln the 12}act plant‘ In'the
early stages of regeneration mature, differentiétéd cells
abruptly 1éavé'their mitotféally quiescent state and, by -
a ﬁrocess of rapid and hggﬁly ioééiized ééll divisioﬁs,
glve rise to small and 1ntensely m@tﬁbollcally active
derlvatlves. .This dedlfferentlatlon phase (Buvat, 19445 is
followed By'thg format;on Qf an.organ precursor or oo
"mgriétemoid" (Torrey; 1966) whibﬁ subsequently develops
into a disépéte Srgan primbrd%um. Tﬁis.devélopméntai‘ -

-

sequence (i.e. dedifferentiation » meristembid > or’gan ‘)

primordium) is uniéue té ‘the régenerétion‘procéss. Another
df‘tlnct feature of regeneratlow can be founduln the
possibility that the ex1stence of anﬂlnd1v1dua1 may be
extendgd indeflnlte;y (i.e. an eternai llfe form) through '
cloning or vegetatlve propagatlon of the somatlc tlssues
(Sax, 1962). Nevertheless, regengraylonidaﬂs not appedr

to be ess;ngia;ly“Qiffevéﬁy from;fﬁeﬁnbrmal features’ of’

ongqn*bntogeny in‘termg‘of'organ tygg o?.appaﬁent self- " - o

reguiatioh during the devélopmenf of thé regenéfating organ. .

Conéequently a study of experlmentally Lnduéed rootlng

» e

. r(l e. roots formed in response to wounding, detachment

, chemlcal or phy31dal treatments Ha1381g, 1969) should

-

provide a dlrect mgans of exudying the developmental processes

«
¢

D
»
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i)

\'pathway within the orgaﬂism. These conceﬁ%a form the basis

6'9 \.If one accepts the dictum of S. J. Holmes (1948, as
. must be'primorily a theory’of regulafion', then & Qalid

. a) creatlon of an exper1menta1 system whlch would respond’to

Taen The regeneratlon-of roots from detached leaVes or leaf,='

_v

-

of organogene§is.

-

While profound advances have been made .in the "micro-

circuity" of the gene (eg. see Watson, 1970: woiowright,
1972'; Dickson, Abelson, Barnes and Reznikoff, 197%), L
- } .

regeneration studies are still enmeshed in relativgly simple,
S L .

empirical obsérvations due to the complexity of the

4z

regenerﬁtlng°systems and the attendant technical problems

-

, As a consequence, this dilemma has brought forth a plethora

of generallz?tlons concerning the nature of regeneratlng
factors (eg..mmorphogens“osuch as "rhizocauline" or "fgcton
X": Booilleﬁne; 1961; Libbert 1?56/57)'with more recent
éttempts‘fo link,thésg,hypothbtical substarces to the

currently fashiona&ble hyﬁotheses of gene regulation.

cited in'Bonher, 1963) that a 'true theory of development.’
H N © -
«

1n1t1al approach to the regeneratnon probleﬁ should entall

chemicakly deflngd,exogenous stimuli -(known te ocgur

naturally in that organism), by rroducing a speciffc‘brgén

type which would 1n turn, be deflned spatlally and temporally,_
and‘'b) modlfylng that regeneration resporise by phy51cal or

chemlcal means w1th .a view to 11nk1ng (i. e. oorrelatlng) the L

morphological result.with a spec;flc,blochemlcal event or

} R 13

e
of the presentﬂgtudy on regeneratlon.

A




' N . : . e "
fragments is a potentidily useful system for studying the‘
- -~ ¢ ¢

developmental processes of onganogenesms'due to the relatlve
51mp11c1ty bf the morphologlcal unit whigh is regenera;ed
an ?he ease@f experlmental 1nduotlon. Root initiationg

whe®her 'irnduced or of a "preformed" nature (i.e.: formed *

during the natyral process of branch or stem formation;
~. . L. o o . )
Haissig, 1969) is a highly regulated and orderly event

requiring cell division-and enlargement in ‘various
dimensibns at precise moments in the development of .that

*

organ’ Since all of the natural y occurrlng 1ant hormdnes
P

(i.e. 4aux1ns, cytoklnlns, glbberelllns, etHylene,. and the
: 4 .
‘naturally'occhrring inhibitors such as abscisic acid) haVe .

been found' to modify cdl1 division and enlargemént in a’

variety of plant systems, it is reasonable to suspect.that

[3 . - - [

they have a direct involvemeént in n7ft initiation. However, ~

modified or. controlled -

the..cellular and biochemical events

. 5 _ . . . .
by the major classes of hormones are, in most casesy, un-
° - < ' "

defined and hence their roles in root regenmeration ‘are o

unknown. T ;

° °

The present'study.centres on the délineation of one

. 3 -

aspect of the hormonal- control of root regeneratlon . the

regulatory roles of the glbberelllns.' The study attempts

4]

to define these roles from a phy81ologlcal standpornt and,

-]

to study g&bberellln 1nteractlons with other plant growth
substances’ and nutrlent substrates. fTwo regenepatlng.sysiems'
were deVeloped for this purpose. i) the tomato leaf cutting

which 1s.re1at'Ve1 autonomous,w1tﬁ regard, to root initiation
jvely a :

L]




.and putﬁitional stimuli.. o \'

Mlcheflnlg 1957) s ) e

.and, iij_tﬁe tomato leaf disc cultured-asepticaf&y in vitro:.

/

which is tetally dependent on a vériety b§ externalvhqrmonal

,4_#? N
N

During theeinitial course of this work o% organ
regeneration however, a survey of the botanical literature

revealed a v1rtual absence of information concernlng the

P

,
- o L J

<structure and ontogeny of the tomato leaf which would .

adequately serve as a reference point for-subseqpent

°

regeneration studies. Specific areas of investigation which ,

* - l \ : - 1
necessitated a thoroughfknowleiﬁp of the tomato leaf's

v, . ) r-g,:,
developmental hlstory 1ncludﬂe -~

’

- .

l) 1n v1v00ag1ng and Pegeneratlve capacity; and

Ui anatomical_origins of the regenerated organ.

I - N

Furfherﬁore, there was a need for a ,suitable developmental

. . ; i
scale or, index in order to accurately describe shoot
-] - - ‘ -

development'aqd,miniméze environmentally induced fluctuation

s

- .

L}

it leaf growth and pegenerat;on responses.

o -

. Consequently the regeneratlon studies ‘are based upon an

ontogenetlc'study of the tomato leaf with empha81s placed on

4

,'the dlfferentlatxon of the‘major and mlnor venatlon as it

-

‘ relate@ to- the leaf plastochron index (Erlckson and

o

S

. ¢

8

‘¢

=~



£ . CHAPTER 2 . e,
: . e -
- ‘ } ° - e C “ ., ‘ . .
q L LITERATURE REVIEW
2.1 i‘Ltroduction' ’ o . ; | S ]

/

The followihg review‘is, of neceséity; gathepfbroad°in
scépe and no attempt has been made to examine the literatdye
. in its entirety.. For quantitative studies and environmen-

. tal aspects of leaf develépmenf’the redder is referred to .

o ¢

the rev1ews of Mlz/horpe (1986) ang Maksjhowych (1973)

whlle general hlstologlcal summarles of leaf struciure and

o

- ontogeny ’ qccur in FosIer,{1938),9Esau,(1965a; 1965b) and

Cutter (1971) Selected aspects of'oﬁéan regeneration»frmm

-

leayes are prov1ded by such individuals as Swingle (19%0,,
19%2), lebert (1956/57) Champagnat (1961) Dore (19659

Audus (1972), Hartman and Kester (lQSB),”Ha1331g 41965,01969),
Girouard. (197la, 1971b7 and Murashlge (197&)*f

’, . . =4
) o
f

2.2; Opgan Development The Leaf o :
“a L4 . ~

Although there ds a wealth of 1nformatlon concernlng .

the comparatlve morphology of mature leaves (e .. Yon
' Ettlnghausen, 1861, as c1ted by‘?ray, 19543 Wylle, 19&6;

Phllpott 1953}, relatlvely.few detalled develepmental
stud;eS:of monocotyledonous.- and dmcotyledonous 1eaves have
.- * 5 - * e ’ ° i

”
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©
= - - ¢

been carnied out. _ The earliest (albeit superficial) aludies
ofoleaf development appear to be those of Malphlghl in the?
seventeenth century (Goebel,ulSOS) However, it. was not until.
the exten31ve studles by WOlf 1n the 18th century and Nagell,

Trécul, Elchler, Goehel and Prantl in the 19th century (as

c1ted by Goebel, 1905) that the ba91c features of leaf 1n1t1-

ation and development were revealed. These studles indicated . ’
{ o o o

-

that:

i) leaf primordia abise from a vegetative point or apex
as a lateral outgrbwth'ffoh the apical.dome; - B o il

iiY intercalary cell formation and énbaequenf ceilrenlarge—
ment may procébd in,a°basﬁpet£l-or a%roPefal dinection ér -
may take ptace egually thnoughoﬁ%ﬁthe develoginéﬂleaf{
iii) both initiation ané early'develocment of leaves from

Jdlffefent specles may 1n1t1ally appear qu}te similar hlsto—

loglcally, and, . I : ’ to : .

¢ - N -
-

: 1v) lamlna development of follar organs may be qulte var1-° ¢

able (e g. see dlscu581ons by Goebel, 1905 and Foster, 1952).

lAlthough these studles establlshed the. baelc framework :

-

of leif ontogeny, they were of a prellmlnary nature due to

restrlctlve hlStOlOglcal technlques, 1nadequate sampllng,
‘ . -\ . -
dlsproportlonate emphas is placed upon the mode of leaf .
S ‘ (]

origin to the neglect of later phases of development (e g.
ontogeny of the 1eaf vasculature) and the s?ﬁgng tendency .

L) -

towards phylogenetlc 1nterpretatlons. grz) < .,
ofiana'tabacﬁm leaf

Avery s (1933) classical work on Nic

differentiation and his later attempt‘(Ayeﬁy, 1935) o ":. T




relate endogenous auxin levels to growth and.deyelopment of

P -8R

- R . D . -
N the,xobacco leaf, served to initiate a seridus reconsideration
. L4

2

of, 1eaf differentration from a developmental/physaslogical
. point of v1ew Although relying heav1ly on - serially

sectioned 1eaf material he was able to trace the developa

meritgl pattern of the major and minor venation and to dis- “

©

tlngulsh among the procambium phloem and xylem. .Furtherrk = o
more, his careful mapping of(regionS'offintensive leaf - \

‘ { growth'and correlated studies of endogenoue aukin leVels',‘~ .-
3 Kad =5
suggested a po%1t1ve relationshlp%between the two parameters

Related work by GOOdWLn (1935) in Solida o and Hum hries
a_____&_ P

-

and Wheeler (195u) in Phaseolus support the concept of high

2

¢ endogenouS‘auxin levels coupled . with maximal rates_of leaf

. growth in dicotyledonous plants. B

-

T - " Foster's (1335) leaf ontogeny study of black Lckory o ‘

(Caryﬁ Buckl;yi var. 'Arkansana') and hlS subsequent§§;v1ew & Aé

(Fosfer, 193&) brought together hlS own exteneive researdh : ' :

. ‘o

>

. on leaf development with the varied and widely scattered
Q\literature of the past omne hundred years. Foster pursued
Avery s de51re to acqutré & more detailed and concrete [

- ’ knowledge concernlng the manner in whith the’ succe931ve -

- ¢ ¢ ®

- ‘ ‘stages of 1eaﬁ develqpment (1 e.cleaf 1n1tiat10n, origin and

differentiation of thé procambium, petiole, mxdrlb, and
. lamina) were lnterrelated and ultimately, to derive valid

-

: ’ generalizatioﬁs concerning ;;af ontogeny in the angiosperms.

Although a number of diverse types of marginal growth . L.

w
—

and lamina differentiation bad been recognazed by the time ;

@
L4
Ty X

-
°
e TR B AN N
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, ' s
| . ~ w0

of Foster's (1936) review, Hara (1957) was the first®
'vindividhal to attempt a complete classification? based .on |,

.the rélative roles played, by the marginal and submarginal

P 3

ibitials in deIineating the -Tamina. “Considerable va%iability'_
in the manglﬂal growth features of'most dlcot leaves

—probably 11m1tsthe usefulness of Jpls classlflcatlon (Cutter,
.oty o — )
- Lo ' : (.

‘Foster subsequently emphasized the paucity of knb&ledge

-i concernlng the hlstogene51s of leaf venatlon and elaborated

- : the spec1f1c questlons and technlques necessary fqr probing.
. ’ [
venatlon ontogeny (Foster,-1952)f in hlS v1ewf it was
o -

vev1dent "that the. present llmlted knowledge of the hlsto-

p o genetlc development of venation patterns repvesents a ) ; ﬁi
F :' serlouszgap 1n our,understanding of vascularlzatlon%progessesgﬁ“"
. " dn plants.andzthat it also‘prevents“aﬁfﬁll insight into‘tﬁe; ) l;:
) ‘o morphology of the leaf in angiospermsﬁ (ﬁh 752). Foster '. J
. Qbelieyeé that the Lse'of‘paradermal sections was of key
. . ”importancekin any study'of the erigin and interrelationsnips "/,
G:i{ ~f of the procamb;al network ingthe young lamirra and proceedeén
‘1-';,~f' to elucidat% theSe-features’inzhis aécompanying-study of‘
;" . :=~f' Qpllna pterldophylla - the flrst such°study to appear in
. fﬂﬁ scientifia llterature. , L : o i-: " ,':‘J‘
. 'LL . ' Foster's (1952) work With Qullna and related genera
Y | ';Plnltiated a renewed 1nterest in - leaf ontogeny.. H1s student,a
s ._ ~© Tomas Pray, carried out, extenslve re:scea.rch Ainto the . T
‘°i - morphology and vascular ontogeny of the monocotyledon..ﬁosta,:.

-

\C .
v B the dlcotyledon Lirjodendron tulipifera (Pray, 1954 1955a,
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b,.e¢) and the leptosporangiate ferns Nephrolepis and

° ’
N ‘ B
El . * ¢ [N .
o » o .
[} N o
B ‘ - : 10

Régneilidium‘(Pray, 19603 lQGé).,'By*examinihg serially :

~sectioned leaf material as well as whole mounts of'clearedg
leaves at different.developmental stages, he was-able to -

. ‘ . ) ‘\ R
outlin€ the differentiation of entire vascular, systéeéms in°

o

Liriodendron and Hosta. In Liriodendron, his observations

i * ', indluded the following: °

s

. i) the secondary veins, which are multiseriate in their
. . [ X . . o .
M origin (i.e. ‘when viewed in paradermgl section) from the .o
upﬁer and mﬁddle spongy ﬁesophyll~layer‘of the.developing

. " , lamlnap start to dlfferentlate soon after lamlna_lnltlatlon

a

and develop progfe531vely toward the margln.
<X

11) whlle "all intersecondary veins (i.e. the tertiary and
: Salitacs X ok .

Q

~higher crdeﬁ veins of uniseriate origin) diffe?entiate'

i sxmultaneously and contlnuously between 331Stﬁi§ procamblal
v s °©
) . strands until the ultlmate areoles are formed, vein epdings
_degelop progressively frpm the stband dellneatlng the

: ' Aareoles. p

éé@ Y B iii)opbloem m&tq%ation precedes the xylem and is con?inogs
, ;wh&1e7xy1e§'dgyé16pment ;é digcontiﬁuous in‘gil vein
categorieé except the'vein'endings. - N
‘ Sl&fiar studies by Slade (1957 1959) De33190ver €1§58),
(f " . :Ramgi (1961a, lﬁ 1bs; 1967); Hara. (1958; 1962), /jno%t (1962),
.Lersten (1965) 01 on, lebetts and Struckmeygr (1969), and
. . Hzrbst (1972)- on a numper of dlfferent angxosperm specles
. N "

54 P " showing dietlnq;;ve leaf venation patterns have essentlally

o y) l~substantiated Pray 8 qpnclusions. ngever, gome 9ohtroversv_

Z; @ ’ "k' . Y . L « . . ~

57 . . e . - . . .t
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" has arisen over the-nature of vein ending formation.
!

Primarily oncthe basis of her work with Liriodéndron

tuligifera Slade (1957, 1959' 1961) hypotheSized that vein

“endings may originate by two means:
-

}) a, progreSSive differentiation of the vein 1nto the ‘
arecle. . The works of Pray (1955a) and Arnott (1952)
demonstrate this ontogenetic feature most‘clearly.

:ii5 a éeparation Bf-an'intact minor vein due-to tensions

developed in the expanding lamina. -

In the 1ight of Slade's suggestioq for vein endings //

arising by separat;on of previously intact minon veins in

‘Liriodendron, Pray (1963) exhaustively‘re—examined his own
) work . as well as Slade7s‘and conbiusively demonstrated that .
- in this speoies at least r-no evidence could be found to °

substantlate the vein separation idea. No further support

\

_ for this method of vein ending’ fonmation has been preserited.
Euidence has been'pnesented by ﬁara_(lQQZ), howevar,

'wnich suggests that in the‘?educed spring foeliage ieavés of

Daphne , vein‘endinge may be produced through the matufation ‘
of potential procambial strandg portions (i.e. r;ex't:ensién
‘cells™ beyond thea:;dings) into mesophyll parenchyma A
Lersten (1965) believes this idea to be applicable to the

histogene91s of vein endings in Trifolium WOPmSkloldll

although Pray (1983) could find no evidence for such a

pOSBlblllty in Liriodendron, Smilax or Aucuba.“ A subsequent

L

examination of veiﬂ ending and diajunct veinlet formation in |

+ Euphdrbia forbesiiiby'Herbet (1972) has also‘supported Hara's

s

. N
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concept. . Hara's hypothesis is quite similar to Goebel's
idea that vein endirigs are incomplete connect%gé veins

(Goebel, 1932 as cited in Foster, 1952)., ~f% N oo

¢ -
-~ .

-While specific histologicel problems of leaf ontogeny

were being explored by such individuals as Foster, Pray,.

M [

. » . °
Hara, and Lersten, attempts to describe leaf growth and:

K . ; . : .
the. development of the vasculaturein reﬁ}oduc1b1e quantlta-

'i

tive terms *in Coleus shoots were belng carried out by Jacohs
and hlS co-workers (Jacobs and Morrow, 19§7, 1958, 1967). - .

Exten51ve studies of serlally sectloned’Coleus shoots

- 4
. « #

P B - s .
- revealed a close quantitative relationship between the leaf

o leng{h and the particular stage:of xylem and phloe@ déve}op—"

~ tion were discoveréed for the first time. -

ment. Furthermore, stem loci.of phloem and_x§1em initiét :

The proﬁlems assocaited with "objectivel§d HeSCfibing
the"morphological status of the vegetatiye shoot apex ano
subtending leaves deﬁaﬁded‘;o ddequate deveiopﬁental scale.
Such a scale was produced fop Xanthium by Er?ckson and . . ~
Michelini (1%575 which tﬂey termed the Plastochron Iﬁdex
(P.1.). The critepia for P.I. application inc%udeGQ
i) leaves grow logarithmically and exhibit parallel grqwth
curves during at least parf of their,development. ¢
ii) successive 1eaves appear at regular 1ntervals. As ,a-
consequence, the ®.I. is l.lnearly relited to tzme and
Serves to specmfy the developmental status of. a shoot.

When the above criteria were fulfilled for a glven shoot,

»

Euclidean geometry alloyed the deriyvation’ of a mathematical’

%
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enpression describing the developmental status of that shoot

k]

P

(see ﬁrickson and Michelini, 1957):

' " log L - log 10
P.IT. = n + '

1og'L - log L(n + 1)

?where 'n’ 15 "the serial number of that: leaf (countlng froﬁ

k]

the first true leaf above the cotyledons) which flrst

exceeds 10 mm in length; 'log Ln ‘is the log length.(mmj

2

* of leaf. n; 'log.L, ' is the log length (tm) of leaf
: A 2 (n+ 1) : . gt -

n + 1; and"log 10! is the log\neference lTength (i.e. lO‘mmjt
which is.eelebted on the basis of tne.critefia nentioned'
abové.. ' - _ R | .

For:studying leaf development, the.Léaf:Plastochron'
Indei‘EL.P.I.) is a convenient modification of the.P.I.:

LPL =. p I"'_- a '

-
-»

where 'a' is the serlal number for any glven leaf on the
shoot apex ' . R

Utlllz;ng this mornnolpgical index, Erickson.and

. Maksymowych extensivelv studied the quantitative cellular
o aspects of petiole and lamina dlfferentlatlon in Xanthium

(Maksymowych 1959, 1962 1963 Maksymowych and Erickson,

1960; Maksymowych and Blum, 1966a 1966b Maksymowych and

Kettrlck 1970 MaksymOWych and Wochok,. 1989), culmlnatlng

<

An’ Maksymowych 5 (1973) revxew book , Anialysis of Leaf -

Development. S1mllar quantltatlve studles centerlng on
-

:problems of dlcot leaf development were also carried out -

by Sundenland (1960) on’Luplngg albus and Helianthus annuus;

Denne (1967) on Trifolium repens, and Williams op

** ‘-




‘(Erlckson and Michelini, 1957) and Chenopodium (Thomas,

-and Lowenberg, 13870, Isebrands and Larson, 1973)

L . ) , . . .. -’ '» 14 .V
B : ' *
Trifolium subterraneum (Williams and ‘Bouma, 19703 Williams -

and Rijven, 1970). On’the basis'.of his own studies‘and a -

reevaluation of exponentlal leaf growth' data in Xanthium

1961) Wllllams noted a typlcal.progre531ve decllne in the

exponent or rate of leaf growth W1th increasingly older leaves

a .

'(Wllllams and Bouma, 1970) As a consequence, Wllllams .

" suggested that the value of the plastochron index "as a

biological time scale for the system as a whole is limited

- because it ‘obscures Valid.propertieé of the system"(p. 14§, e

Williams and Bouma, 1970). ,Neventhelees, it is apparent

that - given the declining exponent values .for successive

leaf growth - the P.I. is a valid criterion .for leaf growth

and development studies, provfded the growth behavior of

)

the entlre shoot system has been prevaously deflned and

 shown to be reprodu01ble.

‘. The valldity of the P I\ as arbasis'for the théiological/
biochemical. analy31s of 1¢af development has been demonstrated

by a llmited number of researchers (e.g. Mlchellnl, 1958, .
J * S
Holqwinsky,_Moore-énd,Torrey, 1955;_Lowenberg, Chen, Towill

.

" The quantltative studles contrlbuted greatly to an f ) //f

>

understanding of leaf development in dicotyledonous plants

.

by: a) pPOVldlng a relatlvely objective morphological 1ndex

(the Plastochron’lndex) Wthh is superior to a tlme scale in
- l ? u N

~allow1ng precise descriptions of developmental events w1th1n

the leaf, and b) allowing diyerse featurea of leaf ontogeny

° B . ’
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(eg. lamina-differentiation and expansion) to be déscribed:
iP,quantitat&ve cellular terms. Perhaps ‘the single most

‘important concept to emerge, however, is the idea that the

F 4
i

endless vériet& of leaf forms observed may be due to the

o

- : . , . \
duration and belative activity.of the five interfglate&,‘-

‘meristematic regions of the developing leaf (i.e. the

apical, intercalary, aaaxigl, marginal and plati.meristems
as outlined'by Cutter, 1971). The use of singlé gene -
~mﬁtanté'affécting leaf shape may, prove to be an impoftant

experimenfal approach to this problem. Initial work in this

. .

direction with single gene mutants (eg. Hammond, 19415
‘Whaléy'and Whaley, 1942) or distinct plant populations
(Kaplan, 1970) has supported the ided of form modification

. Via altered activity ‘of specific meristemati® regions

withfn_the developing leaf primordia.

L3
g <

2.3 Organ, K Regeneration:-Roots from Leaves

2.3.1. General Considerations

L 4

«

As Knox and Evans (1966) point out, one of the most
challenging biological problems concerns the quég;ion of

how a specific hormdnal stimulus can .initiate and control

4
.

the development of a three dimensional structure. As a -~
‘prelude to answering such a gquestion, however, one must xnow ¢

the ontggepetic events at the tissue and cellular levels

aécompanying this phenomennn. . .
= .

The descriptive aspects of root. regeneration have been °

»




'h " - npumber of researchers (e.g. see reviews by Swingle, 1

.+ .1952; Esau, 1965a;-Héissig, 1969), In geherald most root

-

primordia have their origins near developing vascular

-

tissues (Esau, 1965a) although "induced" .primordia have

~

been initiated in virtually all tissUes capable of re-
differentlation (HaisSig, 1969). Ho&g;ér, fhere is a

" | strong tendency on the part of researchers to work predomi-’
tnantly.w1th large mofpholdgical units‘(qbg.the‘plant shoot)

I -
- -
. . o

s - rather thhﬁ stem piéces, whole leaves or lea{ fragments.

" Developmental studies of“ro6t,regeneration.from leaf
.¢uttings or in vitro cultured 1gaf frggments\at the anatomi-
cal ievel are virtually non—éxistent; Furthermore, the uée

of lgaf cuttings or in vitro cultured leaf fragments -has

geﬁerally not-been directed towards regeneration studies.

Instead, their use has been dirécted towards plant pathology
 problems and the physioclogical aépects of senescence
(eg. Yariwood, 1946, Simon, 1967; Spencer and Titus, 1973).
AsoTablg 2.1 indicates, the fej,studies of adventitious.
ft> . . root initiafion_in steﬁ cuitings of tomato appear evenly
_’\ divided as to the roles played byathe vascular parengchyma, .

adjacent pericycle ahd endodermis. In LAA treated tomato

'stem cuttings, Borthwick, Hammer and Parker (1937) observed

. .
. that the,praliferating.derlvathes of the. external phloem
. parenchyma formed the external and adventitious roots while
. the internal phloem and adjoining pith cells form'infernal e

“‘adventitious’ roots. According to- Borthwick, the endodermal
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A similar study by Dorn (1938)'reached essentlally the same

the small-cefiled derlvatlves of the perf&ycle formed the

'formed the root cap.. The phloem: parenchyﬁb{prohaferated

with the derivatives formlng the inner structuﬂe of the

18

cells proliferated‘and.formed a "covering" (root cap?) over
the adventitious roots whlle the perlcycle, which would

.normally mgature as flber cells, played®*no ‘role 'in rEgeneratlon

2
€

conclusions « ' - P
'

. Bausor’, Reinhart and Tice (1939) studieda&(-naphthoxy-

~

actic acid effects on tomato steﬁ cuttings. They‘found that |

&p 7al't“£9<3f the prlmordlum whlle the endodermal cells

3
/

primbrdium next to. the cambium. . Similar resulfts were

?resented by Bynre and‘Aung (197#)

The discrepancy with regard to the role played by the
per1bycle in prlmord_Lm formatlon appears tq be one of

termlnology.' As Bausor notes, no sharp dlitlnctlon can be
made between the perlcycle and phloem parehchyma in tomato.

Ld

Metcalfe and Chalk (1950) point out that fhe term "perlcycle"

N

probably refers, in many dlcotyledonous plants, to the outer

‘part ‘of the phloem. Furthermore, Esau (1965&) notes that in

10

many stems the so -called pericycle 1s, byvorlgln, partly

- primary phloem and partly 1nterf/sercubarparenchyma between

primary phloem stnandsyu
Subsequent vascularizatlon of )he de eloplng root pri-

mordlum lras not been 1nvest;gated except in a- cursory manner

‘by. Bauswo et al.(1939) who noted that the pi'oeanibium of the

developing root prlmordlum dlfferentlates xylem which




~supssQuen£ly beoomes continuous with the sgoongary wood
- (ba51petal maturatlonf ‘ _ © -
Buvat s (19uu)’ .study agreed with BauSor‘S work w1th
regard to the role played. by the perlcycle as the lnltlatlng

tlssue of the prlmordlum.. Buvat also extended Bausor s

observatlons by ngtlng that derlvatlves of the dlfferen—

tiq}ing stem sieve .tubes ggg.companiOn cells form vascular

o connections between the phloem tissue of the stem and the

4

developing procambium of the immature root (i.e. acropetal .

s

?etuf?tion).

2.3.2 Hi'stochemical“’Studies < .

°

Hlstochemlcal studles of tlssues during root 1n1t1a-.
tion are few although thelr valuable contrlbutlons towards
.an ;nltlal understandingﬂof the basxc.metabolxc~events:
accompanying regeneratxon are apparent. In stem cuttlngs

of Hydrangea macrophylla, ‘Molnar and La Croix: (1972b) found

: that an, increased concentratlon of proteln,preceded a
similar increase 1n DNA contenu and subsequent cell. d1v181on
" in preformed adventltlousaroot ;nlt;als., "They speculated

* that, in this case at least, root ih}tistlon.may be blocked

ge -
. by inhibition. of ‘DNA réplicétioniwith a pniof.reqniremént_
’ / for protoin.synthesis to ovdrcome the blockage. Galle
% féx ; (1955 as clted in Hartmann and-Kester, 1968), on the other
% * hand, found an 1ncrease in RNA content of the basal tlssues
z

. o of caullflower leaf cuttlngs during root 1n1t1atxon but _
. . s © 7 . . ‘ , -
found noé increase. 1n DNA content.

’

- . . ¥

oFy
W
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,Speclflc proteln groups and enzymes have been observed

to change their dlstrlbutlon and amount prlor to and durlng

s

root regeneratlon.' T, zdraggea stem cuttlngs, perox1dase‘

¢

‘was the first enzyme to show an increase at potentlal

(o

primordia sites prior, to any noticeable changé’gn anatomy <

(Molnar and La Croix, 1972a). Similar chénges in peroxidase

-

activity prior td organogenetic events have also been

f
< s N

described by Van Fleet (1559) although’ the slgnlflcance of
these pbservstlons';s unkiswn. Van Fleet has hypothﬁglzed '
that the cellular units of peroxmdase may c0nst1tute~a
contlnuous system betweeh prlmordla and adult tlssue and
fus‘d}on as 'catalysts’ for the reduction oﬁ hydrogen -
acceptors essential to cell division and 1n1t1atloﬂ»df
primordia. Similar changes wepe observed by Kaminski (1859) -
in hypocotyl sécfions of Impatiens balsamina L.. He found

that polyphenol oxidase 1ncreased in potentlal root prlmordla

s1tes prlor to any recognlzable anatomlcal change ; The .
81gn1f1cancg of this observatlon 1s’a1so unknown although
thls work was cited- ‘as evldence to support the hypothetlcal
rhlzocaullne concept of Bou1llénne and his co- workers (see:

,sectlon 2.4 for a dlscu631on of the rhlzqcaullns.protbe31s).

The localized synfhgsis and deposition 5f,high~starch

concertrations prior to and during the. formation of organ
. : 3 . i

primordia apPears to be a necessgary prerequisite for
- - r - ’ . ~ ’

successful gompietion of organ°initiation and subsequeént

developmént ' In IAA treated tomate 8tem;cutt1ngs, Borthw1ck

and his co—workers (Borthwick et al., 1939) noted that
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.~'starch érains disappeared from endodermal and pith cells

ﬁhich,became meristematic but remained in nohgdividing.ceils.

%

Starch- subse‘pentlv accumulated around these merlstematlc

‘/ -
neglons as they developed into rpot primordia. Changes in

starch gontent could. be correlated .with various stages of
root primordia development in Hydrangea as wellt as the

number of roots subsequently formed- (Molnar and La Croix,

>

1972&). In particular’, starch was found to disappear from
. - ‘ v
the region immediately surrounding the developing root

¥ : ’ primordium. Slmllar locallzed starch chaigee during bud

.
|

. regeneratlon (Thorpe and'Murashlge, 1968 1970) floral

. induction- (Nakata and Watanabe, 3966} Sadlk and Ozbun,
. " .
1967; 1968) and embryogene51s (Jensen, 1963) %upport the

original suggestlon (Thorpe and Murashlge, 1968) that

&
starch accumulatlon may play a critical role in %he

v 1n1t1at10n of organlzed plant structurestdigf general the

. N ‘ few hlstochemlcal,studlee "of root regeneration have suggested\

¢ ' that lotalized and specific metabolic changes take place ’
v . . . ’ - ) . ’ . . .
prior to and during organ initiation. oo
) ) . ~.

2.3.3 Blochemlcal Studles oo S ‘ e

/

Attempté have been made to determlne the blochemicel

<
{ S events which occuﬁ durlng root regeneratxpn. Howeve%, a
~ S '
number of’ llmltxng condltlons impose themselveSunDonaany
io . . L

conc1u31ons to be. drawn from suqb studles . A i

5

" al tlssne copplexlty cfdthe regeneratlng organ with 1ts

. .. 'attend;nt b1ochemlca1 diver81ty, ..

. .
L] . [§

; s . .
. . | - -
! . .
. ! B . R
» ! . o .. )
1 . . ‘Y .
. -
\ .
. N .
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. b) differential biocﬁémicallresponseS‘of the various -

Eissues dyring the regeneration procéss{

(e

c)‘%heerelatlvely small part of tissue in terms of total
volume, mass and metabollc acthlty 1nvolved in organ

ormgtion; and’ S

[}

“d) the multiple -and aéynchronous'nafure~of the regenena-’
& . . , _ I

S
>

tion response in 'most regenerating systems.
. R .

These limiting conditions ‘combine to restrict the

"~ usefulness of the "net" biochemical changes abserved.

~ »

Correlated hlstochemlcal and cytochemlcal stuﬁles would
greatly ald the blochemlcally based 1nterpretatlon

-AS Jalouzot (19715’no;és, most blochemlcal studies of
anlmal and plant regeneration have shown an enhanced |

synthesm& of DNA, RNA and protein. Theseevents precede

initial cell dﬁwlslons of the dedifferentlatlon phase which

Cis obllgatory for subsequent prlmordlum 1n1t1al formatlon

]
and development. One exﬁerlmental approach fon e1u01dat1ng

7

the metabolig events of regeneratmon has been through theuse
14

. of metabolxc 1nh1b1tors.‘ Root formatlon can, be blocked by
&

o

substances whlch 1nterfere wlth or modlfy DNA RNA, or pro-

)tem synthes s (}Iohm, 19557 Fellenberg, 1965, 1966; Guillot, *

°

1965, 1988, Knyx

R 1966 Kamlnek, 1967) However, varlable :

results are often observed. Féllenberg (1966) noted that the

" number of réot 1n1t1als in pea cuttlngs was unaffected by

o

exther actlnomyean D or chloramphenlcol treatments although

the number of poots produced per cuttxng fell draétlcally.

‘Fkghlnék (1967), on- the other hand, foung ‘that chloramphenlcol



-

.. about by adenlne. Interestingly, the same authors rgported ﬁ;’

~ e - 23
(= » < . "
e >~ M
C - .
\

3

trea ment of pea cuttlngs reduced rooting by 1nh;b1t1ng root.

‘1n1Tla1 cell development, Mitsuhashi, Shlbaoka and ¢
. ‘ -
Shimokoriyama '(1969b) observed that actinomyecin D signifi-

caﬁtly promoted root regenefation in Azukia stem cuttings
when applied during the initial 24 hours after excision.
During the 24-L48 _hour period, hd effect was apparent.

Similar diveryse observations have been'made with

.. 4
. ° ¢

various purine and pyrimidine analogues:whichﬂare presuméd to

be 1ncorporated 1nto, and subsequently produce, defectlve DNA
. {

and RNA whlch, 1n ‘turn, ‘cduses the synthe51s of defectlve

pProteins. .Fellenberg (1986) observed that-8-azaguanine

inhibited réotihg in ped cuttings and he was unable to .

reverse the ‘inhibition by guanine treatment. , However, root
binitial'formation was stimulated. Glnzburg (1966) noted

3

a stlmuiatlon of root—lnltlatlon by both 8-azaguanine and
8—az§den1né. Inhbitioh of root formation by~2—th10grac1l

was hot‘qvercome by ufaqfl (Guillét, 1965;.Felienberg, 1966,
qupl, lgéﬁ) gxcept,in two cases (Hohn, 19g53 Mitéﬁkashi;
‘Shiba“oka and Shimokoriyana, 1969b).. MitsukaShi et al.

(1969b) observed that 2~ thlouracll 1nh;b1ted IAA 1nduced ¥
rooting in Azukia shoot cuttings when. agplled durlng the 24; ‘
48 hour period but not}durlng the.lnltlal 24 hours. This in-
hibition was cbmpleteiy%féversed b&"uracilj Z'G-diémipopuriné

gave s:mllar results’ wh;.le a comple.te reversal’ could be brought

a. promotlon of root regeneratlon 1n Phaaeolus cuttlngs by,

2—thlourac11‘lbd fluoréuracil (Shlbaoka, Anzal, Mltsuhashlv




and Shimokoriyama, 1967). _- o
) o . +While most of the research in thie area using purine
and Pyriﬁidine arfalogues has orovéd unguccessful‘due fo' H
apoarently overriding'Eecondary‘effectsﬁgs well as pro-
y uounced d%fferEntial résponses among the various regenerating
' systems, a few studies‘done with S—bromourecil (5—§U) uzbé\
provided more poSitiue4results. Both Melichor'(lgﬁu,'as-
cited‘by‘k%;iﬁek, 1967) and Fe}ieuberg“(IQSS; 1966 1567)
have demonstrated an apparenrﬁstimuletion'of root ;nitiation_

by 5-BU. In the lattef case, Fellenberg: observed that J »

stlmulatlon of root regeneratlon in pea cuttlngs occurred if N

-

w _5-BU was applied ‘at the start of an experlment or after 36

<

hours (Fellenberg, 1967). Application of the mutagen during
the 12 to 24 hour period inhibited root regeneration and

this effect was'reuersed by simultaneous thyﬁidine'

A

application (Fellenberg,.lges). . Fellenberg interpreted thege
obsérvations as indicative.of the necessity of RNA and

protein synthesis during the early period (i.e. 12 to 2u
4 . . ) . .
“hours after initiation of the experiment) of [AA induced root

initiation. : . ' ' .
. . , ' , )

Although' work with antimetabolites has indicated

temporally specific syntheses of.important macromolecular

P —

groupss a second and more dlrect approach to biochemical .

’ changes during root regeneratlon has been the’ 3xtnactlon,
separatlon and quantitative measurement of various molecular

species coupled ‘with’ estlmates of tfie. endogenous synthe31s .

of these‘molecules. i . . | \ : o 3
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~

t

3

. fﬂA RAA fraction ‘rapidly‘labelled with 32p yas'found in
iAA treated leaf cuttings of ;‘Eughorbia species }Battger
.and Liudemann, léaﬁ),. This fraction was intérpreted to be
- mRNA and was shown to ;ncreasé in specific radiocactivity
until the root primordia began to elongate rapidly and.sub-
sequently penetrated the errlying tissues. While no sub-

C, - . sequent studieg have been pursued, it is known that IAA

€

treatment can-lead to enhanced mRNA synthesis in non-
’ fegenerating systems\(Key; 1969; Davies:T1973).

Brown and;ffngat'(&@7l) examined RNA and free nucleo- *

~ tide changes. during root initiation in detached leaves of

) - R

! Phaseolus_vulgarié L. They found that t fep nucleotide

pools initially increased and then decreased (with the . A

o

~

. - exception of UTP) prior to root emefgenbe: 'Releasehof
nucleotides from e¢xisting RNA did not appear to affect these

pools either qﬁalitatigely or quantitatively. The authors

SNV O TR - R LT

suggested that synthesis of new ndc;eotides becurred from

o
By

non-nucleotide precursors. UTP and UDP-glucose increaséd ,
g o &

continually during the rootipg’response-aﬁd;were believed to . .
¢ - “, . - » o - .
@e involved in-the-increased synthesis of polysaccharides - «

especially cellulose) “necessary for rapid.roby,cell wall

2

-

"l - x - . ' 3
formation. Increased RNA levels within the leaf. cuttings

»

were\;:f?ibuted«pﬁimqrily to ribosomal RNA syhthesis.ASIight’
| decre es”in'sRNA and low molecular weight.fractions were

obseryed during the rooting peinQr.fHoweﬁer, Nanda and . ° i'?"‘

Bhattacharya (1973) found fwo*neq low ﬁolecuiar deight.

-

RNAs within 48-72 hours after IAA tvgat@entnof etiolated .

)




. Stem Segments ef Pepulus nigra and suggested that these new |

© .RNA tholecules may be involved‘in the production of adventi-~

tious r00f52‘ASince the RNA fractions'were characterized on .
the basis of'eleEtrdphoretic separation on acrylamidle gels

and subsequent staining with Toluidine blue, it is question-

able whether the two fast migrating bands were new in the

v - -
)

sense of de novo or enhanced synthesis..
During adventitious root’initiation in isolated

hypocotyl sections of chickpea (Cicer ariatinum), Jalouzot

(1971} found %wo peridds of intense RNA synthesis preceding

mitosis.: The flrst penlod ‘occurred almost ;mmedlatly after
’ "4

cuttlng the hypocotyls (i.e. w1th1n Y- 6 hours) The‘newly

- syntHesized. RNA was suspected of belng capable of formin‘La

statble factor whlch malntalned the cuttlng in an active

.metabollc_stete. A subsequent increase in proteln synthe51s

LAY

occurred which lasted until 12 to 18 hours after cutting.

) i Protein.synthesis then declined. Accompanying this decline,

¥ = enhanced DNA synthe31s .occyrred from 1u to 20 ﬁours and was

] : Lo =

accompanled by ‘a second period of 1ntense RNAfsynthe51s

o . .~ 'Declines in the DNA and'proiein synthetic~rates preceded the-

-

i : subseduenf‘mitotic'acfivity. However, subsequent work by

s Jalonzot (1975) on regenerai;ng VlCla shoot cuttlngs indi-

¢ 1

o cates that an enhanced synthes;s_of protein (posslbly an

acidie fraction) aSsocieted‘with the chpomatin takes place

o~

£ A .. . within the first 1 1/2 hours and.may be’important in sub-
'ﬁf iy ' . _‘ . ) R 3:’ ' . A . ° . ]
%;' : . sequent DNA ,anscriﬁi&on'ﬁndlér replication,

, s ,"5 ) . . v . . -. . Q. . A *

T Enzyme{ehangedeuring‘robt formation have been explored

. e AR,

Lo | TS

3



2%
by .Werner and. Gogolin (1971), Brown and Mahgat (1870),
Simolaf(1973)‘ Haisggg (pereonal ebmmnnication;197l), Guillot;’
(1968), Nanda, Bhattacharya and Kaur (1973) and Frenkel
and Hess (197u) (see Table '2.2). In genéral the results
have demonstrared quantitatire changes‘ln enzyme activity
-acoomoanying‘organ differentiafion which ¢ould be related to
enﬁanced or modified metabolic Datterns.: Qualitative
changes (eg. de novo synthesis of unique enzymatic proteins

* ,
or ifoenzymes) have yet to be observed.

[ 4
13 . " . . . .3

2.4 Hormonal Control of Organ Regemeratidn . R
- —

The first published propoeal'for the existence.of a
specific root férming substance appeared-in 1880 (Sachs,
18&0;'1982} as cited in Thimann, 1972) * Termed 'rhizocauline','

thls formative substance’ was hypothe81zed to’ be produced in L

the leaves and transported ba51petally Jto the cuttlng s base
where root 1n1t1atlon occurred. Bou1llenne and Went (1933)
developed this hypothes:.s further and, on té basis of their

experlments with root rezeneratlon in Impatiens hypocotyls,

suggested that rhizocaullne was a thermostable, non-nutrltlve,

-

'spe01f1c root promotlng hormone formed in ‘the leaves by
B ’ . '
llght and often stored ih the cotvledons. However, Went and

Thimann (1837) p01nted out that. at least ohe of the hormones
necessary for’ rqot fqrma;lon was 1dentlcal to an auxin. .

Undeterred; Bouillenne and his co-workere further elaborated

.the theory ,[into a two factor system (cf. Champagnat,'lssl)

and later;.a three factor one kBouillenne, 4961) on the' basis

< ' - P “
. » . - -
-

- . . . .1 . .
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$
<" of what must be considered very 1nd1rect and circumstantial:

-

evidence. Bou1llenne concluded that two dlfferent types

of substances {more spe01f1cally, phenol derlvatlves ot
# .

flavones termed "rhizocauline mobile" and auxins) were

synthésized in the leaves'and subsequently translocated in-

3

to-the cutting base where they would react with each other

in certain competent cells contdining a polyphenolase ’
enzyme and form the specific root forming substance -
"rhizocaline fixée“ This theony has been criticized by
lebert (1956/57) and Champagnat (1961) who suggest 1nstead
.‘that adventltlous root formetlon depends on - a complex of
endogenons factors. 1In thelr v1ew, root regenerat;on would
" ‘not be. due to a epecific factorn; rather,na specific group
(comgosed of hg%monal and nutritional chtors) may initiate
the process. . iﬁ |
Auxins are the only class‘of applied hormones whfch'
have consistently enhanced*root initiation in plants capable:
. ostpontaneous regeneration'(Dore; 1965; Haissig, 1965;
19695. Whether the auxin enhancement of root initiation
deﬁends’upon a direct effect at the reéenerating site or is
due “*o the moblllzatlon oflroot -promoting substances from
the leaves is unknown Howevera the initial:differentiation
" of a root merlﬁtemels deternined, at least ?artially, by a
'localizec high aunin concentration (Pearse, 1948 as cited

by Flguerba, 1966 Warmke and Warmke, 1950 Helde, 1967)

which is often brought about by a metabollcally active (and

ba81petal) auxin transport sysbem (Leopolad, 1981;,Goldsm1th,‘




i969; Srivastav

T - : | B . 32

K]

1960, 1966; Audus, 1972; Thimann, 19723 Rubery and Sheldrake, .
) ’ ) . * : . - . . ‘ ’ .

197%). Censequently,.the physiologfbal\sijis'for auxin - 4

stimilation bf’roo@ing would appear to-beNih the localized -

.
¥,

v

internal levels (native or

+ [

‘applied) of this]hormqhe acting
. g 4 ‘
in ‘conjunétion with other plant constituent

B . - '

tytokinins. * Cytokinins a known "to .enhance cell .enlarge-

such as the

ment, and in thcfpresence of auxin, cell diyision (Letham, 1967,
s 1967). However, information on the effects

of the synthetiC'tvtokinins; kinetin and benzylaminopurine,

)

.

r .
suggest that this class of plant hormones prevent or, at

jeast,.do .not stimulate root initiation (Plulmer and Leopold,
* . N - it

1957 Humphries, 1960°; Heide,” 1965, '1969; Halssig, 19655 )

Lethah, 1969) although exceptions'have~occasiona}ly been

observed ‘(Allsop-and Szweykowska, 1960; Milldr, 1961;

Bachelard .d.Stcwg, 1963). Certain}y, the promotive effects.

of cytokinins in bud regeneration (Skoog and Miller, 1957;

and lateraliroot.formgtipn (Goldacre, 1959;

A

; Bonnett and Torrey, 1965; Lethas, 1967) .

"

regeneration méyvbé viewed as a highly regulateld process -

requiring cellzdiviahmxand'enlafgement, and_définedlbyl

”apparentlyybtrihggnt :émpqrai and sbati&l-controls,;épplied

gibberellins have;;ftqn'inﬁibited,.op at least njot promoted

& , ’




root or shoot regéneration (Brian, Hemmirig and Radley,
19553 Brian, 1957; Chailakhian and\Nekfasova,:l958;.Kato,
1958 Kfibben and ‘Reisener, 1958; Vi;na, 1958 as—cited'by
Urban and lebert 19é7; Gundersen, 1958; Chailékhian and
Butenko, 1959; Mlller, 1959} Sch%audolf and Réinért- 1959“
Briéh,iHemming énd Lowe, 19603 Dostal 1960, Challakhxan, .
Turetskaya and Stowe;'1963' Turetskaya Kefe11 and~Ko;, ] !
1963; Mﬁrashige, 1964;'Ju111ard,‘196H; lebert and Krelle,

1966 Jahsen, 1967; Bastin, 1976; Urban ang Libbert, 1967;

Nanda, Puroﬁ}t and Mahrotra, 1968; Bigot' and Nitsch, 1968
Gautheret, 1969; Thorpg and Murashigéé_1968, 1970; Besemer,

Harden and Reinert,,1969; Krillt and Libbert, IQGQ;VH%ide, Tt
2 ~ ) :
1969 ; Mitsuhaski, Shibaoka and Shimorkoriyama, 196%a; Fhin, x

Meyer and Béevers, 1969; Haissig, 1969, 1972; Kefford, 1973)%

The inhibitory action Qf‘GAg on roo;'regénération has been

found to be non-reversible by auxin’treatment in some-cases. ' -

(Brian et al. 1960; Heide, 1969; Haissig, 1972). Howevép;'

other researchers have obtained an apprent"partial or

- h ot . A ot -

. complete. reversal (Schraudolf and Relnert 19393 Appelgren

-

‘" and Helde, 1972). .Abscisic acid has also been'obServgd t&

T partlally reverse (Chln Meyer and Beever 1969, Thorpe and

v

Meler,wﬁ973) to haye no effect (Helde, 1969) of to enhanee

' , ..(Krelle and Libbert, 1969) GA3 1nh1b1tlon of organ regenera-
’ ‘tion. o - ', i ‘ ’ .{“ .'~:), . ’ A
.Interestingly, a few reports have demonstrated a - ';’ffpi
‘b ﬂ . 'stlmdlatlon of roét 1n1t1at1on by gibberelllns (Gray, 1958, ‘
*;_ Span]ereberg and Gautheret 195u Julliard, 1964 ; Nanda, A

- A P .
4 - . - . -, -~ -
s ) . ’ .




c . : . oy &- 4 ? . . 34
. . - o . - . ° . -
v : Purchit, Bala, 1967; Gautheret, 1969; Erickson, 1971;
pe ) Tizio et al., 1970; Nanda,%hand and‘Chibbar, 1972 ; Anand,
Chlbbar and Nanda, 19723 Varg Humphrles, 1974; Kochvas - L
- L}

4
Buttan, Splegel Roy, Bornman and Koghva, 197u Hanseh“ 1975).

-

- Altheugh glbberelllns.maf'be 1§portant.regulators n

K3

e T root regenerarlon, their role at the . ceilular and blO- .
chemloal leve&g 1s Stlll unclear. : An early hypothe51s

suggested that glbberelllns promoted raplq,growth of the

° a
. regeneratlhg .organ‘anj hendce d;uerted.essentlal metabol;tes

¥

from the QDO§ 1n1t1at10n reglon wigh a consequent 1nh1b1t10n

. . \3%\
y ; F15 of Tegeneratlon (Brlan, 1952ﬂ , zpls "nutrlqnt diversion-
P - oy ) - i
o"fwg hypothe51s§ was gubsequently demonstrated to be incorrect
‘:‘ﬁ? . - . ,‘ N - -
* .4 .when it was shown{that GA; inhibited root formation in the
« 1,"’ L e o . R i . . 4 L

- R

3 absénte of GA -indhced growtﬁ'(Brian et al. ;1950) A
K 3

. fd” second hybothesis was developed by rlan adﬁ his co- workeps
a N ?’r- .

which suggpsted that GA inhibited r ot regenerat;on by

a

a%"‘ -

)
- preventing organized cgTl lelSlonS in thectlsSUes that
* ~ 4 > ~ -
‘would nbrmally have fotmed the pnamoﬁdla 1n1t1als. Murashige
‘:’ , ’ “ ) W e
> -, (19su) also suppopted this idea on the basis of his

L 4 -

A ' ' observat@ons of bud regenerationfinhibii%on‘by GA, in

tobacco callus cultures., ) ‘w‘ _ - IR .
,o - P The ba31s for thls hypothe51s of GA3 inhibi@ion of , -
- organ 1n1t1§l f0rmatlon focused gn 3,pentihegi,obéervqtioﬁst
- | -~ a) ﬂecoosity°ofJa‘direct andildcalized GA4 agpldca:ion'at
tﬁe poten%ial'regeﬁefation site; . _ v . ‘ : -

- ) b) maximum’ GA3 senslt1v1ty occurred prlor to prlmordla

-

formatlbn,o : b f a e 7 6 -




< . .
- >
B , - 1]

S L . ) . '

C .o GA3 stimulation of randdﬁ.cell divisions leadigg to

hd <

callus prollferatlon while 1nh1b1t1ng organized divisions

- ) 1ead1ng to shoot or root primorgia. .
Recently a thlrd hy%'Ihe51s has been suggested (Ha1551g,
1969, 1972). After applying GA3 to the root‘systems of
intact brit;le~willow plantss, ﬁaissig noted that the é .
"spontaneously forming (i.e.‘preforned) nodal root pr{ ordia
pithin the shoot system possessed redncéd cell numbers

ThlS feature became most ev1dent in the older, more re- ’

established prlmordls. ‘Haissig suggested that, in brlttle

willow at least, GA, treatment reduéed-intrqpfimordlum cell}.

division on which continuedgdevelopmeni of esteblished
k. primordia depended. A
4 ) . ) . } // . . vt . o d
f - . Although diveprgent in their choice. of the precise
1 o ’ * . ) - - . ‘ ' .
regeneration stage affected, tbefiypothesis presented by

o Bfisnfet al. (1960) -and Murashige {196&) i.e. direct
’inhibition of organ initial formation, and py Haissig Q1969;~
l972) i.e.‘dipect inhibition of organ initial development,
bptn snpport the generel idea that the inhibitbry action<
" of GA 1s maxlmal at-z.very early stage of organ formation.

Recently, Thorpe and. his co-workers have put forth a

N :sbiochemlcalIY'based.hypothesis to explain the early

a >/ , - - . , X
"inhibitory effects of GA; on shoot formatior in tobagco
- . callus cultures (Tﬁorpe and Murashige, 1968, 1970-'Thorpe
e 4‘.’ ~and Meier, 1972, 1973, 1974a, 1974b; 'Ross and Thorpe, 1873;

!:

Ross,.Thorpe, and Costerton 19734 Thorpe 197u)

B
IS

- ' Based upon the premlse that loca{;;;;—;tarch
N . ) ) ;_ o . -
L] . ) 4 -




- 'y ' C T s
accumulation functions in theée initiation of organizZed plant
: .

development, Thorpe and his collegues subsequeﬁtl& observed
a posftiue correlation between starch accumulation) shoot

formation and respiratory activity in tobacco callus cultures.

The starch accumulation occurred prior to any organized
A P -
develppmenf,‘and both starch accumulation and organ
o 4 ‘ )
megeneration were suppressed in the presence of GA3.

Although it was épggested tha%:}nﬁanced starch degradation
(primarily by increasedoc-amylase activity) was characteristic

of the GA, résponsé (Thorpe and Meier, 1974aj 1874b) the data

i
-

presented’'showed no pronounced effects of GA3 onoe;amylase ‘

.

activity. Ratﬁér, the data suggested that GA3 treatment

‘repressed the levels of soluble and insoluble starch _

's§ﬁfﬁetases as well as increased the level of phosphorylase. *

The latter enzyme could control the levels of endogenous
, .

starch throggﬁ‘its reversible role in starch-synthesis'ahd'
:breakddwn. Instead Qf producing unphoéphorylated shgars via;
theci-amylaseag—amquseﬁ@-glgcoéidase'?oute, an energetically
more favouréb}e path#qy‘would-béffouﬂd’in the prqduct%qn of
the glycolytie precursor, glucose—l‘phosphate, via the -

phosphorylase systeﬁ. However, this possibiiity at present

°

remains hypothetiéal with no evidence' presented in the case

.0of rdat regeneration.
«® ‘ . i .
The apparent stimulation of root regeneration (but not
. . [ - . '
bud regeneration) by GAy has been observed in enough diverse

organpgegﬁb?jsyygp-n& to be considered a valid additional
. . ) ’ v g T s
property of thé‘GAj-mediateﬁ regeneration response. Theories™

. q
. "
f




presented to explain this rather. paradoxical effect have

centred on gibberellin involvementt with one or more aspects

of auxin metabolism:

a) decreased auxin catabolism; .

b) decréased ;uxin complexing or binding; éqd/or ' -
* \ c)’enhéﬁcéd apiin‘s;nthesis

Initial‘bbéervatidné on tHe effects of GA, on endogenous-IAA‘
: ' lévelg in non—regénefating systems have often demohstrateq
increaség amounfs of diffusiblgjor extractable IAA gr
IAA-like substances (see reyisws by Saths, 19657 Brian, 1966;
Audus, 1972; Thimann, 1972). An‘early sugéeftion for this
GAB-mediéted effect focused on the"hypo?hésis of decrgé§ed
duxin catasolism whén it was Qeménstratedﬂthat GA, treatment -
could reduce the actidity of IAA oxidase H’.Y.‘:lo. '(Gélston;
1957; Pilet and wﬁrg;er, 1958; Galston and Warburg, 1959;
Pilet and Collet 1960); buf\not iﬁ'zizzg (Kato and Katsumi,
, - 1959). Slmllar reductlons 1p activity were observed in the

related enzyme, peroxﬁdase (McCune and Galston, 1959; Halevy,

' ﬂ§62; Katsiumi and Sano, 1968). However, other studies have

E a éemonstr;tedﬁno GA, effect on IAA B&Qdase hcti&ity (Kurashi

i#‘ .  and Muir, 1964; Varga and Balint, 1966) &% a GA,-induced

;_ ,o increase (Gaspar and Boulllenne-Walrand 1966 Bolduc,

o Cherry-and Blair, 1970 i\Ockerse and Waber, 1970 Lee? 1871).
g'é . . quthermorg GA3 dld«ndt inhibit the decarboxylatlon;of

.':IAA-I-}“C in"Coleus or Helianthus stem cuttings (Valdovinos ,-

and Ernest, 1966;;Véldovﬁno£},£§nest and Henry, 1967). '

A ﬁ&pothesis currently receiving more experimental

P . ' ‘ ¥
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support cehtres on gibberellin enhancement of auxin.

synthesis (Figﬁre 2.1; for di%eussion% of auxin biosynthesi#

see Black, 19703 Audus, 1972; w'ighltma@, 1973; Schneider and

- Wightman, 1974). - Muir and h}g co-workers have demonstrated N

that‘GA3ftr§atment indreases_the p?oduc&ion of auxin from

.tryptgphan in‘dﬁérf pea tissue and in cell-free preparations.

of ézggg coleoptiles "(Kuraishi amd Muir, lSéh;”Lantiégn‘and,

Muir; i§67* Muip Ané Lantican; 1968). Furthermore, GA has

been found to enh;nce the dec;;boxylatlon of tnyptophan-l-l c .

in Coleus and Helianthus stem segments and Avena coleoptiles,

(Valdov1nos, Ernest and Perley, 1967 Na1d9v1nos and Ernest,

1967 Valdov1nos and Sastry,,1968) The .results from boéh

research grOups support the concept of a glbberellln promo-

tlon of \auxin synthesis via the tryptophan - tryptamlne '

— in leaqe;aldehyde - IAA pathway. -5
AgIn root regeﬁérating systéms,.theiavailéblé evidence

for such a-role is meager. Bastin (1967) observed that'GAd

treatment to the shoot bases increased the endogenous: levels

of IAA-Tike substances in cuttings of Impatiené balsamina.
. - A " . ~

seedlings, while root initiationfdecréaséd. Extensive work . s
by Varga has supported the hypothesis of gibbereliin
“stlmulatlon of IAA synthesxs from- tB&ptophan using’ atem /

L4

tlssues and-cell free extra¢ts (Vgrga and Bito, 1967, 19683 -
Vaega, KSves and Slrokman, 1988 Yafga, Kbves, Slrokman and
VlEO, 19683 and: Varga, 1974 as cited in. Varga and Humphrx ; ‘

-1974) . -More.rquntly, Varga and Humphries (1974) demonstra-

ted significantly enhanced rootiﬂg of Phaseolus leaf cuttings -
# & ]

. »
. . - P
. / ..
» - ~ ‘ * 1
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Figure 2.1. Probable pathways of .IAA biosynthesis g%om

tryptoplhan in tomato shoots (from Wightman

-

1973, Biqchem. Soc. Symp. 38: 247-275).

~
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when GA, was_applied to the lamina in the presence of

tryptophan. This result was attribytéd to an enhanced IAA°

-~

bioéynthesis in the leaf lamind‘ﬁrought‘aboﬁt by"GA3 and is

coptrary to earlier results when GA, was applled to the base

3
of Phaseolus stem cuttlngs ‘and’ fkund to inhibit rooting
(e.g:~Kre11e and lebert 1969).‘ It is not 1nconce1;;bl?
that Bastin could have ‘observed the sawe phenomena had he
treated the leaf lamlnas with GA 1nstead of the shoot bases

where’ the prlmordla would subsequently form.
. ; . '




CHAPTER 3

" B . LEAF DEVELOPMENT IN TOMATO

’

|

The ontogeny of thé determinate - -organ, the leaf, is. a

3.1 Introductlon . -

complex, yet hlghly regulated event which has recelved .
v J'-relatlvely little attention from developmental beotanists.
Wher the approaches taken towards understanding,leaf developj K
.ment are compé;ed betweén such groups of -people as Foster,
. . . P .
Ppray and Lersten on one hand and Erickson, Maksymowych‘and
Denne on the other (éee section 2.2),-it is appérgnt %hét '
. the idealjstudy should combine a morphé}ogiéal index of
v .. developﬁeﬁt with the‘quantitativé and qualitative aspects
l . ‘of 1e;f oﬁtogeny. : ) - |
The tomato plaqt,.although gppreciateﬂ és an important
. végetablg species'since Iﬁe éixtgeﬁfh century after its
] / introduction from Sou:; America kLucin;l, 1943) and

’prééently the basis of a multi-million dollar indusfry in

the Urnited. States and Canada has received v1rtually no

attentlon fyom a developmenial p01nt of view. Slmllarly,

. the tomato E}ant's extensive utlllzatlon inlgenetical and

| - .physiologlcal research with vfrtually nothlng known about 1tp
' anatomical-gbqpositlon and development has prompted one L.
l », - X . ’ . -
[ .- . ) Y ) i ‘

. ';. ‘e [% ’ N ‘ A o
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noted physiclogist dealing with phloem transport to'remark

that thé;tomato plant "is‘asaunorthodox in ito translocation
patterns-as in its morphedogy, but‘as even tnat strange ..
confusion of leaves without'axillaﬁy buds gno.inflorescences
without Suntending‘leaves may be interpreted By'a distortion

of the ordinary rnles.of,plant architecture, so with a little v A

v

imagination the'distributipn of‘assimiiates fréom tomato
leaves can been seen as a tw1sted ver81on of the" usual
rules" (p. 66;Canny, 1973). As w111 be p01nted out in this
chopter, however, the concept of the tomato plaht as a
twistéﬁ:distortion.of-the ordinary rules of plont architecture .

as espoused so turgidly by Canny is unrealistic. e

Whlle a few studles have’ explored tomato stem histo-

genesis. (Vennlng, 1949, Thompson and Helmsch 196u)§i/th

confllctlng results, they falled to include a major fadtor o

govern;ng stem growth and vascularlzatlon - the leaf.

-~
Although "two studies have been published doncernlng the
. i b, -
origin of the tomato leéf from the shqo apei'(Lange, 19275 4 S

Hussey, 1971) only. one report deallng with the hlstologlcai
de;elopment of the tomato leaf has appe;redu In hls study '
of the effects of 2,8,5-triiodidberizoic acid (TIBA')
application to tomato (év.‘rMarglobé')Jshoot apices,

Bedesem (1958) inoluded_a description of'tomato“léaf ontogeny

. % .
which was Pased solely on serially section material. Bedesem,

- although he outllned the major di::i;ymental features of the

tomato leaf, dealt superfict ly h the histogenesis of




L

(e.g. failure to recognige a-discﬁéte marginal fimbriate B s
vein). Due fq the scarcity of.iﬁfoymaéién about the -tomato
lggfx the preéentvstudy was undertéken'to'providg é:detaiied
ahélys%s of tomato leaf growth and developmenf in_the
cultivar 'Farthest Nérth{. '
More specifically, an attémpt was made to éhSWer the

folléwing queétioqs: -

1. Can the growth chaﬁacteris{ics.énd developmentai states
Sf tomato leaves be consistently relatéd to thé‘ﬁlastochﬁbn“
index és developed, by Erickson and Michelini (i§57)?

‘e

W Similarly, can various biochemi'cal parameters be related to

-
-

the developmental states of the tomato-leaf? -

2.* What is the specific ontbgenetic-sequenéé of events
o ) . ' ’
with regard to: o ‘ .
g - ' S ¥ ®
i) early growth of the leaf primordium .and the apparent
roles Rlayed by the five c¢lasses of meristems as outlined by
Cutt (1971); =~ . L .

ii) timing and'sequenqe of xylem and phloem differentiation

in‘the major and minor veins; and,

iii) the pattern of,cellndivision aCtivity thrgughout Igg\

leaf during-the course of development?’ =
. . in view of tﬁe vascular origins of regeneraéing roots,
it is readily appareét‘fhat a thoroggh knbwlédg% of the
%Qmato 1eéf'$ vasculature andiits development is a qgcessary

« prerequisite for subsequent regeneration studies.

\ ) Furthermore, as noted in Chapter 1, there is-a need for -

‘a developmehtal index whigh wbul@ be superior to a time-based

" Y
o
i ' <« :
cv'/> . . PRI
\
o -
.

- . !
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"description-of plant material by virtue of its ability to

, minimize environmentally and, to a lesser extent, genetically

\

induced fluctuations in growth and regeneration responses.

.

3.2 Materials and Methods

3

3.2.1 Growth-and Biochemical Studies

3.2.1.1 ‘Seed and Plant Production A .

¥

Seeds of Lycopersicon esculenfum,Mill., cv. 'Farthest

.North' used in this study, were initially b?tained from T.

)
and T. Seeds Ltd., Winnipeg, Manitoba. Subsequent seed
production from the original stock was carried out by .the
author. All seeds were washed for 24 hours ppior to sowing

in order to pyomote rapid and uniform germination.
‘ The pl;nie were raised under greenhouse eoﬁdifions‘in‘

wooden flats throughout the yearf Netural daylight

conditions supplemenfed with 5.16 hourupbotoperiod of com- )

bined fluorescent (Sylvania Gro-Lux) and incandescent

lighting were provided.(°In éeneral, nigﬁt temperatures of

60-65°F. and day temperatures of 75- 85°F prevalled. During

their development seedllngs were perlodlcally thinned out

f-4 . -

and all’ morphologlcal abnormallthS (e.g. multlple cotyledons, L

[ ) °

leaf fus1ons) were .discarded-. Emphasis was placed on the

,1

growth and development of true leaf number 3 Gcountlng from

the first leaf above - the cotyledons) in these’ studles.,

o ]

Unless oterw;se noted, all further references are to thus

)
¢ . . -
a R . “ .




leaf positionﬁ\v
» 3

3.2.1.2 Growth(ﬁeasurements o

In order to evaluate the feasibility of applying the

P.I. to tomatoe shoots in- the initial studles of leal and

leaflet growth vernier calipers were used to measure

length and Wldth of the leaves and leaflets of 10 rdandomly
selected seedllngs to the nearest 0.1 mm at 2 day 1rtervals

from January to March 1971 ‘Latér studies relied on a

clear plastlc.ruler graduated in mm.. Leaf areas wer]

v

measured using an EEL Unigalvo 200) photometric"leqﬂ area

meter (Evans Electroseléﬁium Ltd., Halsted, Englana)-and the
readings converted to the‘nearest cm? using a calibpation
curve provided. ThlS method Prowed more rapld and gave area

t-
values similar to the determinations obtained by a ¢ompenv

sating polar planlmeter (Keuffelnand Esser Co.) from leaf
s 8 : »

[

tracings; S ‘ . : \\
Fresh and dry wgfghts of individual leaves were obtained
‘to the nearest 0.1 milligram.. In the latter case, [leaves

‘were dried at 105°C for a minimum of %8 hours prior to
. i ot ,

weighing. o T -

3.2.1.3 Chlorophyll Determlna%lons S

Chlorophyll a/b levels were determined u81ng A modified

1

version of Bpu1sma s (1953) method Instegd of homogéﬁizing'

the leaf samples in a blendor the 1nd1V1dua11y we Hed




small amount_of purified sand, magnesium carbonate and

,acetone. 'All operations were carried out in an ice water
bath (2-u4°C) in t dimly 1it room. The resultlng,ﬁlurry
.

was quantitatively transferred onto a 51ntered glass fllter

and the extract filtered into a flask. Thesresidué.pn the
] ’ / v

filte# was reextracted TQ%?? with acetone and the combined
‘ . '
e

. {
‘extracts made up to volum sing acetone and distilled >

K

water (80% acetone v/v). ‘The aqueous acefone extractg‘un

wetbre stored in f011 wrapped volumetrlc flasks (eltﬁer 10 'ml

r

6r 25 ml capacity depend%hg on the 1n1t1al fresh welght of
“the partlcular leaf). Samples of the extracts were measured

in, l cm ground stoppéred glass cells against 80% aqueous
® :

- acetone in a Beckman*:f spectrophotometer at 645, 652, and
e

re measured within 2 hours of

extractlon with a 10 ninute period at room temperature in

663 -nm. (ALl samples

order to avold condensation on’the spectrophotometrlc cells

The ,concentrations of chlorophyll a,b, and a + by in

v

mllllgrams per llter were computed from the follow1ng

equatlons&l 4 !

17.2 A66 - 2.7 AGHS . . (1)

22.9 Asus - 4.7 Agesg

| (2) -
Coep = 2002 Ao +.8.0 Ao, = 27.8 A

x‘(&)

a+b . U 663 652 °

As noted’ by Brulsma (1963) the tﬁo ealculations of

Ca;b should lead to similar values Dev1at10ns larger than

’

,a few pe¥ cent would 1ndicate elther 1naccurate ad3Ustment

of wave lengths,or the occurrence of breakdown: products.

The chlorophyll a/b ratio was also calculated
v . L R t

4




B '“, ; pi . dlstllled delonlzed water.\\The sqspen51on was stlrred‘

n wh/ﬁf U flxed anglefrotor¥TypeCAD ‘The supernatant was removed w1th

o, 9 w‘” a Pasteur plpette and retalned (s 1ub1e sugan fraction).”
t . 'y l I .. . *.\ I3 \ \
! 3‘,i‘ L "ThlS'éXtFaCflon was repeated threesﬁlmes. The™ supernatant“ N
[P ' Al P -
rf@ i Py ' - \( 4
A \ e fractlons were comblned and redﬁced 12 VOlume to one or - T
.4 i - Il v v . ’

ﬁf‘ \ # . e two ml under reduced préesure at 65°C in a Buchler Evapo mlx
E | .

LM' . . ‘}, * w \ é .
S . Uy flask Total solubl carbohydrate levels were determlned in T

{ﬂ.’ ) , . . the tlssue extracts uszng the phenol sulphurlc ac1d COlOPl—.
FAN W . S i

| ﬁ }mtrlc method (bubOlS, GllIGS Hamllton, Rebers an& Smith,
[P | .
v“N‘ . . 1956).‘,Sucrose waé’used a;.a standard over the concehtratlon /
g . " ‘ me s ow b 2 &
.- , . range of 0 Gb 125§ ugm/ml\extract. /Thret~to four determlnatlons e
g ' '/( ” "y - ‘ . 4 /. ;o
; ““were m&de per Sampﬂe Co : ) - 1 )5‘ )

,f&‘ ' . ‘ ) \/ 4 (i . h 7‘/ N h LY \ . L ‘ /) A' o . . ,
D e A o T
L .\\03 2 1 5{ Srargh-peneipinatlon v\x’ .' o s .

"y - ,‘ . % |
S ;ﬂ "}E resul’élng tlssue pell-ets 'prepared as outllned :Ln
o ) ’secti £ 2.1.4 ssere ovex; dried at .80°C J#r 48 hours 'pI":LOI’ to' -
,ﬁ’ ) ’ N - ./ . ' L L "»4".“ .' e . e E ‘. . .

-\‘. i ‘ ‘ ‘ : . ! oo f ‘ " 48
C \ . S . ’ C ' o
3 ) é -;‘\ ‘\h . - 4 '\'y L\ e .
' ‘: CoL, 3.2.1.4 'Total Soluble Carbohxdrate Devermlnatlon “ "
; \ NN b ;%ven drled 1eaf samp%es wepe’ ground to a flne powder
’ J'{d “ \ o A
A ‘wlth ﬁortag and peetle and 10- 50 mg welghed out andxplaced ‘ .
| L ‘ o )
- in 15 ml Pyreﬁ centrifuge tubes A few drbps of 80% R
| " - ' - 'f
'
R . kethanol was added to preVent clumpgng fol}owed by 1 ml of

————

thoroughly, placed in a hot watér bath at approx1mately

i\, - _ 70°C and 5" ml of ‘hot: 80% ethanol was added The ‘mixture
; .,‘\i’ was stlrred contlnuallysfor 10 minuteé and fhen spun.at,Q
:; ’ v ? \ *
| & '*hlgﬁ speed (4, 000 rpm) for 10 mlnu;es ;n a i\ble t0p Y

v w‘_ g% f centrlfuge (Sorvall General Laboratorv Model HL 4 and Co

-

I
\ e W fot
\ ‘ \

. The - resultlng eixract was” Made up tgﬁEg ml in a volumetrlc e




N : ’ . )
uge. The starch levels were determined .using the/ phenol-
N . ° ’ ¥ . ' * ‘ .
L . sulphuric aeid col?rimetric method' (Dubois' et al., 1956)
. . : ) )

after hot waterigelatinization.and perchloric acid extraction’
: aecordingqto.McCready,'Guggolz, Silviera and Owens (1950).

A glucose standard was ysed ehd all“balues were‘cohverted to
. ‘starch equisifghts by.multiplyingrthe experimental values
. .
' by 0.?0. %hree to four*dﬁterminatiohs were inade per sample.

LY

1

3.2.2 Leaf dntogenyfgtﬁéies t

Cm v

3.2,2.1 .Clearing Techniques

: R
Leaf and..seedling samples were collected between Tioon

r
' and 2:00 p.m. from greenhouse grown material over approx1-

;~ mately a ones year period (July 1972‘to.August 1973) and the

e - P.I. and LPIs-ﬁoted Over one'hundréd indiifdual samples
Qxﬁ\were processed by the NaQOH-basic fuch51n method of FuchsJ
(1963) in opder to- study vasculéolzatloﬁ'(espe01ally the .
xyleqs of thevdeveloplng -leaves. A fast-green counter N
sta;n was used as repommended by Fuchs 61960) ‘
‘. Another group of over one hundred samples were leed |

in FPA for 24~ H8 hours and then stored in fresh FPA until

o

» the materlal was completel;f bleacheda Whole 'leaves and
seedllngs were washed for 2- 3 days in 50% ethenol followed
by stalnrng in. propr:tocar'mice for 29 minhtes at, 60°C

LJensen,~1962).‘ Further washing in 50% ethanol was followed

- by dehydration'in a graded ethanol-xylene series. Ihetlagf~

material wesirermaneptli mounted or glass slides using -, ”

» ) »
- . '; .‘

2

AY W




J’@i‘m
. .
Permount. This technique proved ideal for studying mitotic
: G ' » ‘ :
"activityAistribution and major and minor vein development.

3.2.2.2 Histological Technigpe ' " " K .

Fifteen'Eeedlings were fixed in FPA,'dehydrated-?nd

\

eﬁbedded in Péraplaét. Five n thlck serial sections were
: prepared from transversely or longltudlnally cut materlal
The sections were dewaxed anﬂ}ene and hydrated »thr'ough a

t-butanol-distilled water s)ries%ﬁ Staining was carpied ou¥

eithef in aqueouslo 05% Eoluidine~blue or tannic écid-ferric
»

‘chlormde safranin (Jensen, 19 2); dehydrated and permanently

mounted in. Permouﬁt ., Over f1fty~leaf prlmordla from
‘l‘

aneptlon to. approxiwaﬁely 1500 u long were studled by thls
T method. Flfty 1nd1v1dual leaflets selected at LPI3

-and LP13‘='0 .0 were also processed by the above methods and

-4 L *

sectioned‘paradermally for,a detalled examination of min
* MY .

s /n.

vein-ontogeny. §

*

V.
¥

\
\
\

'3u2w3< Phofographx : Y \ .

\
’

Ag§l-black and white photography &as*cerried out with a

. L. U S oy PO . .
‘ZelssfPhotomlcroscope<II=and 35 mm Plus-Xffllm . Film was

developed in D-?B (Kodak) in 1 01 (v/v) solutlon wlth tap °
~ ’“) . \
water for 10, Wlnutesapt 2u°C’ The eectloned materlal whlch had

- . - AN
1\2‘ been ‘stained with Toluldlne b}ue, wag photographed at an ASA

..

80 ratlng u81ng a 11gﬂ:blue§gteen filterrcomblnatlon 1n L

‘ ordtr to reduce 'the sev&re confrast cdhdition whidﬁ‘other— th
d w g

wise occur§Ed. k
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3.2.4 Statistical Analysis

. Regressionﬁléawielation and»Chi-Square~analyses were
g

)
perfotrmed accordin
L

Meonroe electronlc programmable prlntlng calculatcr (Model

s

o Woolf (1968) w1th«the ald of*a |

1766). Co B
~ 0 ST
3.3 Résé%%s\‘ N ' .
LT N s
— ., N \ . . " . . n
. R LA : } [
3.3.1 Growth aXd Biothemical Studies . . .

N .
1 \\
{ ; . ’

1 : "y v . \ ) )
"3.3.1.1. P.I. @nd\L.P.i;: Application to the” Tomato Shoot

4( U

51

A plot of log. Ibaf length versus time (January - March

1971) measurements for 1 plant arbltrarlly chosen from the
10 plants studled (Plg 3. l) revealed that sﬁcce551ve‘
leaves of the 'Farthest North' tomato cultlvar appeafed at
* regular 1ntervals and grew exponentlally for at least part
of thelr dewelopment. §1m11ar results were obtalned with-

. \
the nine remalnlng plants. The choiceé of a reference
!

length for the.calculatlon'of the plastochron index values'

‘(II - f~.‘

was broadly restrlcted w1th1n.the exponentlal or the log.

Y

1

* phase of leaf-growth (;.e. between 1eaf!lengths of appoxi-.

. ¥ .
A mately 10 mm to H0.-mm). Thirty millimeters was selected

‘due “to the\ease of handllng and the eventué! use of.this
S, *

morpholcgical index as a basis gor regeneration experlments.

A nomogram was conatructed acand1ng to Erlckson (1§60)
|
in order to calculate fractional plastochron Values more

quickly (Pig. 3. 2). 1In order to ‘test for. a lzzfarf
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Figure 3.1. Suecessive tomato leaf growth in log. length .
- *

\

expressed as a function of .time.
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Figure 3.2. Ndmograﬁ used to caleulate fractional plastochron

‘ - values. For example, if leaf 6 (i.e. Ln) was

45 mm long and_deaf .7 (ile. Ln + Jd) was 20 mm - *
- - . ”~ . ’ @ " -

. long, joining the two values by a'straighgnedgg

- ' (dashed 1ine) would give a fractional plastochron

N

" ) v;lﬁekofu‘&Q aﬂd, conséquently, the PI value -for

P

- 4( thé tomato shoot would be é,SZ;‘ ' C . -
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20

1968 feveale”

‘accurate @lthln a 5 ho

4\5.“3..1‘:'%': Seasonal AJects

-

X

- relationship between time“and the‘P.I., data’ from an

arbitrarily selected plant was plotted against time_ih days:
(Fig. 3.3). It ie apparent that a straight line results for .

most of the growtw .period studied. RegreSS1on analysis of

'.the data up to P.I. 8.7 revealed that the slope of the llne

(i.e. the plastochron 1nterval/day) was .HOS and, conge-

queﬁtly, the average duration of one plastochron was 2.5 days‘

. or 58.3 hours (Table 3.1). CalcuIatlon of the 95% confx—\<

. dence 1ntervals for the trqe.regresslon coefflclent (WOolf

that the calculated P.I. duration is .
_period. Since the L.P. I. is of

more direg¢t "importance for this "leaf development study, an

>

examindtion of the growth ln length of alEfrnate, successive .

leaves galnst L.P.I. was, carried out (Fﬁg ,u)l The leaf-

1

growth curves 1nd1cated that leavee I, 3, 5 and 7 were very

sxmllar 1n the early log. phase of growth. They difjered,
however, in the L.P.I. at ‘which they leave the ex ntials

or phase 1 grow%h'as.dell as in the subseqﬁent growth rates

.
L}

-and flnal lengths attalned durlng phase 2 growth (1 e

P

"mature" phasef e
\ -

.o h CL -
v ‘ v

# ' . . \ - - 4

Shoot materlal sampled .at 1 month 1ntervals over a 16

L)
d kY

monthtperzod from four week old plants revealed con51derable

fluctua ons 1n vaplous growth features (Flg. 3 5) Howeyer,-
’
correlation analysxs revealed statlstlcally SLgnlflcant

positive relatlonshlps (at the 5% level) between thé _

. o

Voo .




o

4 ﬁFigl're 3.3. P.I. data for an individual plant plotted against

. ’ "‘\tlme 1.n days. , C -

- » ' t
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Table 3.1. Regression Analysis of Plastochron InMex versus

. Time K%ays). -

X

: ‘\cs . *
Regression ~ Regression
. Formula C Coefficient': Calculated PI Duration\g

[ 4

Y = .30 + .405 X .405 * ,0389% 2.47 days (¥ approx. 5 hours)

1 [ 4

-

L}

‘a = 95% cohfidence limits
”




- .

L

.Figure‘3eu. Growth in length of alternate, successive leaves

+ -

expressed as a function of L.P.I.
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. developmental‘tatus of }Y tomato’ s'hoot's and L.P.I.,

(Table 3.2). A plot of 50-60 ind1v1dual 1engths sampled
Xt one tlme durlng the summer and a sgparate\gzggp sampLed
.durlng the wlnter' einforced fhé valldrty.pf the L. Pl as
c.a useful, constant- mQthologleal criterion for evaluatlng
leaf development (Pig. 3.8). _ ‘. - Lt - ,

a
‘ N . &

3.3.1.3 -Growth Féatures of.a Tomato Leaf

, As noted previously, leaf three.was chosen for a detalled
' xamlnatio ue to its mature growth form and jts.use in
<;§§8p1ated regeneratlon studles. An examination of -whole

' 1eaf petlole and rachls (including termlnal 1eaflet no. 3)

elongatlon revealed’a basipetal treqd“;n/fge termlnatlon‘of

-s

.pﬁase-l‘log..growth (Tig. 3,7). While rachis elongation® (/"
. /}/// (including the terminal légfiet)?ceasea gt-apprqyimgtely

LPIs'Q +2.0, petiole‘eioﬁgation‘éontinued until LPI° z +4,0,

‘Growth in 1eaf qpea was signif1cant1y and p081tively

correlated (r : .998) w1th 1eaf lquth. I g

Fresh and dry weights of ind1v1dual leaves over a '
. . ; .
LPI3 range of 1;0 to +3 0 revealed growth curves slmilar e
g - 4 .
.- to ‘those of leaf 1ength (Fig 3 8). At appreximatgly :

LAI 2, 5, a dgclining rate of increase in dry weight
/ ‘ e .relative to. fresh weight caused a gradual’ increase in the
' v frash/dry weight ratio. This’ feature bec;me ‘more prominen§

arter antrance of ‘the leaf /into mature (phase 2) growth
round LPI3 &, 0.

. »
. .
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Table 3.2, Correlatioq analysis between I;PI3 and different

tomato growtﬁ par

ameters:.

*

-~

Gl

3

. " Growtlr parameger . Correlatiyve coefficient (r)

od

mean leaf area .

- mean leaf length ) .

mean plant height . .87 Rk .
|‘ .' ] ) . '- < |“
* * significant at 5% .level ) o
. ) . ~

‘ ¢ . ' . : i f
 **% gignificant at .1% level .
[ . 0‘. ' { "
' - L] v
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Growth in length and area of the tomato leaf. - o
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Closed:-circles, mean leaf length; bpeqbciréles,

mean length of the rachis (inciudingﬁterminal

leaflet no. 3)% closed squares, mean petio{é )

length; open squares, mean lamina area. -°
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3

decrease slightly until.LPI3 2.5 +3.0 when a‘nqticé5b1e~

drop became apparent. This fraction subsequently increased
. & , , :
until LPI, 7.0 (Fig. 3.9). Starch content increase

steaéily over the LPI range of 0.6 to 7.,0. Total chloro—

3
. phyll per leaf 1ncreased 1n a typ1ca1 exponent1a1 fashlon

.

until LPE, 4.0 when 1t reached a plateau (th 3.10).

3
Although there quas no’ Ynd;catlon of breakdown products in

<

thc samples (as ]udged by the. absorptlon values), the

chlorophyll a/b ratlo rémained cénsistently around .75 to

1 , - i

.80 over the entire sample range. The reasons for the low
chlorophyll ratio (i.e. .75-.80), which deviated from an
expected ratio of 2.5 - 3.0, are unknown. However, ‘ ) i

subsequent growth and development of. the tomato plants

over the following B week period was severely retarded due

to a. combination of macfonutrient'deficiencies (nitrogen
and phosphorus) and insecticide (whltefly/aphld) spray

damage. Conssaggg;iy,fthe low chlorophyll a/b ratlo may
have Dbeen due td#xhe early gffects of these factors.

]
. °

3.3.1.4 Leaflet Growth

Growth in length of leaflets 1, 2 and 3 frnm‘the. 10
plants priéinallv sampled durihg January to March 1971 was
plotted against LPI, (Fig 3.11). Twu features’ are note;

" worthy: the ind1v1dua1 leaflets demonstrate progre551vely
1ater'growth eyeles in a ba81peta1 direction and the final
length attained by the &ndividual leaflets is progresalvely

smaller in a Baslpetal manner. On the basis of pallsade

L " \ ¢
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leaflet 1; opéh circlss. 1eaf1et 23 qused squéreég

'leaflet 3, P01nts on the curves marked 'A'

3 *

represent the approximate age when mltotlc aca&v&ty
0’

@ v ceased in the aplca; region of thg dgVeloplng o

2 -

. .7 .lamina. 'B'’"represents the similar octurrence in_

- o, [-J c

‘the basal“ﬂbgion. X! reprebents the stage of

fxnal xylem mafqpation w1th1n the minor vein

T, Gystem of the tomato leaflex.

v ‘s . . <
ty , . . . > voe, .
v N ; - - '

Figurejéull. Leaflet growth in the. tomato leaf. Closed’ circles,
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mesophyll cell aveas (cross sectiomal) and.associated blaad I

areas, the basipetal trend -in smalliness of the individual'

A -
leaflets appears to be due to fewer cells at maturlty and

L
\]

a smaller cell ‘size. (Table 3,3). »

Regression analys1s of the log. ‘w1dth/length values
'of ‘the individual leaflets Lndlcated that the rate of
1ncneasg in leaflet g;dth relatlve éo_langth for the 9
terminal legflet'ﬁas cdnsistently éreatar (athfhe 5% level)
_than thé lateral leaflets“(Table 3 4y, - T
o Régressigp analysis’of:the log. lengths for the
termlnalllateral leaflets indjicated that the" relatlve growth
rate of leaflet 3 compared to leafletﬁl was significantly
greater (gt the 5% Tevel) than leaflet 3 to leafle% 2

‘anble 3.5). Purthermore, xhe b &S lntercept values suggest

a

that “the 1ateia1 leaflets are 1n1t1ated durlng the first

» 1000 a of gro th.ln;length of the terminal leaflet..

3.3.2 Ontogenetig Studiedl'

¢

E o S

3.3.2.1% The ‘Adult Leaf

a) Leaf shape - The leaves of the tomato plant are arvapged
Spirally in a 2/5 phsﬂlnmugyand develop ‘in-a: heteroblastic :
- manner (Plate 3.1;1). In 'Fartﬁeat North' the finst adnl%
leaf form is en;ountered ‘in leaf number 3. 4It appears )
_imparipinnate with 5 asymetrically elliptic leaf;ets. The
‘. terminal (3) 1eaflet is larger than the lateral”’ onea whlch

are arrange3 in two" sub-apposite pairs on the rachis. The




e . g * . MEYON R .,
Table 3,3. Cell areas (cross-sectional) and estimated cell- B
’ -

number .in the palisade mesophyll tissue of R

T

maturevleaflets.

\

. . . ‘ Mean cell Estimated cell
. : * * &
Leaflet position LPI, area 0u2) * number (Xloe) .
. — 8 -
1. basal lateral b.u5 640 ©
o ¥ ' ’ ’ '
4.64 675
. 4,88 78 Uy
g S B!
' 5.34 504
’ [ . N P o
* 5,45 Blu '
2. middle lateral U4.45 718
) 4.4 86w
o o ) . e
. 4.88 - 796 .
5.34 559
3 X :! LN - ‘ ‘
o . v . . 5,45 - 882
’ . - i ¢
-3, termipal . 4.U5 859
4.64 861 5.1 . )
‘ -y AN g
%.88 876 863 = 5.5 5.2
. - 5.34 91y © 5.1
0 5.45 807 4.7
| “Each value calculated from 10 random cell measureiients )
obtained in the.middle lamlna region of each fixed 1eaf1et
’ T D ’ B :
( ' Thms value is- based on ‘the- calculatxon. ‘
o . _ area of leaflet w?)
| .. Es?' ce11 ““m§e’ Baan area of palisade call TG?)
” : . . IS - . . ‘ .
. -~ . . and is uncorrected for intercsllular spaces or veins.

LI . o - “




. S AR TS £ 4 2, At N N [ 2 ¥ ¥t &
AR SR Lo et v SR R S S T r\qmwuw«wwmwwuwﬁm%N?W?MQﬂmwﬂ -
r - - - 4 A o

s . - . N L L I 7
v 3 : « . . o, Y \ ] ~ v
- o L LA . ve a. Tl e
g .. A .
L N A

- 14 i
M uy 4@ - B
4 \' 5 ] L] -
PR ,
. . :

. »
\ N ’ e
2. o,
L4 N t o
.
L . “o8
v » -
" “
- .
-
- ¢ L4
€&
T v
" .
) e [\
t »
.
'
I
N - - - -
. - .
» ‘. .

' ~

S

. “Table 3.4, Regreséion’anal&sﬁs of the logé width/length

. ‘ ;.yalues'for tomato leaflets. _ .

. -
* - -
s - " .

F) * ™ ) <

. "‘A B - - . . "-v
Leaflet ;—Regression formula : .. = = - Regressian

- . R o ; Céoefficient :
- . ‘D oo ! . ot
1. . log Y '=--.0091-+ .7388 log X  .7388 % ,00722
2 -7 log Y'= -.0250 + .7447 log X .. L7447 * 01772
“ o 3 ‘ log Y = -.0054 + ;7935 log X - .7935 % .go3s®
" ' T - * s - . ” PR .
~ a = 95% confidence intervals .
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Plate 3.1.

. +- R4 N - .
-

1. Heteroblastic leaf debelopment in the tomato -

cultivarA'Farthest North'. Ledves are numbered

ks B

‘consecutively from the first true-.leaf above

" the cotyledéns. Leaflets 1 ta’'5 6f‘leaf‘3 are

also numbered. (Approximatelyil/a naturai, .

.
-
. E
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2. Vein types and distribution im a NaOH éleared;

‘mature, tomato leaflet. Numbers refer td vein

orders as described in text. (x 200)
. . - V ”
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leaflets are petiolate with ‘a margin possessing a few

rounded crenations or small lobes, irregularly spaced.

-

L3 - h.l . 4 .) ‘- b d’ 2
b) Venation The venatlon classificatiogeis based 'upon

criteriat:

1) size and gistribution‘of veins relative to the primary

o

vein or mid-rib. The termiﬂblogy of Hickey (1973) for

*.,“
enation cla831f1catlon is quite useful for this purpose

2) number, type and arrangement of the tracheary elements .
within the different vein types.
The following,venation classification will.be usedgp'

. (, i) major venatlon —-Tracheary systems composed of

multiple vessels which appear early in the ontogeny of the

- .
.

leaf venation (Plate 3.1, 2)
da) primary vein or midrib
“b) secondary veing : - o,
e) intersecondafy vein{ ‘
- d) marglnal flmbrlate veln - although this vein lacks
internal phloem (unllke a, b and c), 1t 1: &ncluded on- the
_basls of - tracheary'comp031tlon, early ontogenetlc
e i appearance_and continuity with the primdry vein (Plate_3.2;l
and 3.232). A ' ' o
ii) minhor venafion - Tracheary systems cbmposed'of trachéidé4/ '
] (usually two adjacent strands) whieh appear relatlvely late
7in the ontogeny of the leaf venatlon (Plate 3 1 2)
a) tertiary velns' , » R ] - - C .
’ b) q{xaternary veins | . o )

c) veiﬂ'endings.ornterminal veinlets
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Plate 3.2. 1, Cleared tomato leaflet showing mature véssel
4 , I
" _—elements of the marginal fimbriate vein irnter-
. .
‘ connected with the minor vein system.» (x 200) - .o
2. Cross section view of marginal fimbriate vein -
. . : -
J "~ in a mature leaflet (arrow). (x 1280) -
» ° -
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or secondary veins not terminating at 't mdrgins but
curving acroscopically into a series. of loops with adjacent

secondaries or their branches (camptodromous venationj;

Hickey, 19;35. The rounded crenations are supplied with

bran&hes of ihe secqndéry veins where they ﬁoin.a disfinct‘;

maqgigal fimbriate vein. &

- ’ .

< " The éecondapy veins have a ﬁoderately acute (¥5-65°)
angle og‘da?;;gence from the mid-rib which hecomes more.
obtuse ih the distal regions of the leaf. A f&w simple
intepse;ondéry (Hické“; 1973)'55 int;rmediate veins (Foster,

1950) are evident in ihe ieaflets,
. v

The tertiary veins exhibit an orthogonal reticulate )

pagtern while the quaternary veins (tﬁe Pighest'orde g
ven§tion‘recognizedﬁin this material)hexhibit an bpthogonal .
course.s Terminal veinlets}mé& be simpié, b;;nched or non-
e " existent while the areoles are impegfect, randohly arranged,

irregular and:sméll in ghape. A survey of 880 afééies

rQQéaled that u18‘247.5%) céntained vein Eﬁdings. %Pi—
- . sSquare anélysis (Table .3.6) suggests that vein ending

. . - Ay .
formatjon is probably arrandom event and ontogenetic

M . Q . . N
evidence to6- e presented later supports this concept.

"

c) General Leaf Histéiai-.- The mature leaflets possess a
thin lamina'with a'me50phyli consisting of a well defined
dolumnar‘palisade layer an@_three iayers of spongy mésoPhyll.

. ‘ Variations in th%-nhmbér 6f cell layers were not observed

-

in the greenhouse gfowh material during the tourge of this
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Table 3.6. .Chi-Square anai&sis'of vein
Bd A S

matuvre tematc leaves. - ‘ o

J

o P
.

R ~ - —

' ' © - Number Number .
Cendition * observed estimated

. ’ l ) e g -

- 2

areoles with . ' -

A} < < .
vETIT endings 440 .10
. . ‘ ) ) . 2

. areoles without . <X
veirr endings - uud - 1-,10

A .

N Total

- I3 . A N 4

»
* ) ¥ » [ - ’ -
.n.s: Not significant at 5% level _
. A g{:’ L . ’. -

Lt -
L -,'0'




Noer TEME e

-
~

3 o . : ‘ ~ N
| ﬂ B 80
»~ lnvestigation. A gradual decPease in thlckness of the. mature .

leaflet lamina is_appare from the-base to the apex. Thas

+thinning effect is dué - ily to a progressiye failure/

of the palisade cells to bngate gt rlght angles relatiVe

to' the epidermal layers jand not to the lagss of-a pprticular'
. : " s L 3 -

"mesophyll layer.

. Scittereg crystal idioblasts centainilg calcium oxalate,

crystals (Solereder, 1908) are observed in the upper ‘meso-

phyll and raﬁelyhin the ﬁilee~sangy layer. They are’ ‘ .
. : o c
also apparent in numerous elongated cortical cells of -
* . ' ‘ »

‘rachis and pEtiole. grystai accumulatioz within these =
cells begi;s émﬁeaiatély after cessation of mitotio actixity.
e The leaflet rachis and petiole are covered w1th
three types of glandular=ha1rs (types I, VI' and. U1l of -

Luckwlll, °1943) and three. types of non- glandhlar°onesA

(types II,  IIT and V). RO - ' ST
l . o @ : ¢ v

Stomata of the anomocyt1c»type (formprly Ranunculaceous)

‘occur on both of the adqxzal and abaxlal leaf éurfaces

ol

(4. e. amphlstomath) although they, appear more frequently
on the latter. The guard cells prptrudé slzghtlv above the

adjacent epmdermal cells.' Uslng ‘the plastic epldermai

°

1mp11nt method of W1111ams (1973), 1o stomatal abnarmalltles

such -as the occassmonal "51ngle guard eells" reportéﬁ tg -
° ,oq(.

occur ip tomato by Ahméﬁ’(lseu)‘were observed.. Veq' rarely, o

.

aatemata were observed Adjqining one another ate rignt angles.

In vzew of my ontogenemic studv of tomato stomata (éee

Y

- epction 3.3. 2 3), it would appean that both stomn mothero
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cell Qerlvatlves had pursued an 1ndependent yet 51lear,

‘

developmental course. .

The ma]or vascular bundles of the leaf (1 e. the mld— ..

2,

¥
r1b and secondary ‘veins), are b1col}atera1 The xylem °

pdSsesses tracheary Qlements w1th annular hellcal or
:scalarlform.thﬁggenlngs (Plate 3. 3).0 Whlle the primary,

secondary and marglnal flmbrlate'Veln xylem ls almost

-

exc1u51very composed of vessel elements with 51mple

4

-

perforatlon plates% the thlrd fourth and terminal velnlet

‘.

xyiem con51st% enfgrely of hellcally (wlth some annular;y)

thlekened trachelds.' Contrary to Solereder s (1908) v

2 o

T o

coﬁﬁgnts that the vessels of the Solnnaceae possess simple
o -~ ’ y
perforatidnm exc1u51ve1y, the short vessels ‘of the marglnal
o ‘e

flmbriate vein at the leaflet tlps may possess sealarlform B

<
nb °

perforatlon plates (Plate 3. 15 20 o

.
w

i The 1nterna1 phloem uentral to the xylem eYements
oonsxsts of sieve tubes, companlon cell& and’ phloem

parénchyma.. Its dlstrlbutlon is- llmlted to the primary
< .- ' > ’ r
and secondary veins. In .the former wein fyge, it fails to °

‘develop'into the tiysof the 1eaflets and stops at ¢he most
‘distal’ secondary Wein. ; e (“' o
;

.- The more extensiwe externai phloem consintlngﬂof the
same cell types ogeurs as discrete bundles spparated by

perenchyma. Sma;l phloem atrand“'are oboerved to-c

' occnszonally interconnect the externAI phloém bunﬁles

'~ laterally in the primery veins. Exfhrmel phlpem is assocza:ed

o

‘e with the’ entire vasculatupe axeept the extreme tips of the




0 -

©

4
1
-

) .
\- , " o

et

» ( . . _ g -
leaflets where the large marginal fimbriate vessels are
prpsent. : LS o , >

- i ' o

Isolated 11gn1f1ed flbers are occa51ona11y observed

“a ° o

in mature pet;oles w1th1n the external and 1nterna1 phloem

[

parenchyma. No flbers are observed in the mature 1eaf1ets

or rachis. Bundle sheaths (often contalnlng abundant

o
e

starch gralns w;thln plastlds) are: eV1dent surroundlng the

s o ® .
o [

major and minor veins. . . -

Angular gollenchymé is®common.in the adaxial margins

- of the petidles and rachis, and is present as a°2-3rce11

- © a
° ¢ o

'layer u? rlying(a”subepidermal chlorenchyma. Small

<

va3cular traces conta;nlng external phloem and vesaels

Qonnécted w1th the marglnal flmbrlate velns of the leaflets
A
are found below the" adaxlal latEFal collenchyma in the

3 -

zrachls and petlole. These traces ape . 1ntercpnnected
. g,, . ° ] ' e -
. laterally w1th thenmaln petlolar vaSculature by perlodlc

transusrse traces (Plate 3. 3 1) and 3ubsequent1y tohnect
w1th the 1ateral leaflet.tracea (Plate 3. 3 2)

-d) Veln ndrngﬁHlstoiogz -"Vlrtually a11~the terminal

velnlets of the cultlvar 'Farthest North' possess external
phloem and trachemds q@bedded 1n the upper spongy mesophyllv
lager. The characterlzaf;ﬁp of Veln endlngs a§°e1thep
prlnclpal or secondany types accordlng fo'Flscher (1895 ,as
c1ted 1n %ray, 195#) waa not’ appllcab1e°1n thls study due to
the heterogeneeus nature of tha term;nal veinlets._ The ;4-

przncxpal type of’ vaqpular txssue arrangement fohd- in the

'°third, fburth, and terminal veins consints of two tracheary
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Plate 3.3. 1. Interconnected vascular strands (arrow) in the-
) N . N -~ L . .
: . rachis of a NaOH cleared mature tomato leaf.
“ - . - . .
. > » " (3 M ] L]
.- . Single strands withia the rachis margins are
) directly ‘connected to the rmarginal fimbriate
< - s v * ‘ »
. " . vein system of the leaflets. (x 200) ’
: . i
) 2. Junction of basal leaflet xylem with the rachis -

vasculature in a NaOH cleared tomato leaf.

_Note tﬁq‘short irregular vessel elements at
' “ . .o e }«' -
the junction point. (x 200). :

>
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§trands‘adaxialiy located rélativelto the external phloem
strand. In‘general, tHe external phloem honsisés of five°‘ o f?
nucleated parenchyﬁa cells surrounding two. sieve tubes’ ‘ ' .
(Plate 3.43;1). ©One of thesé parenchyma'célis, adjacent

to*a tracheid, ﬁay'be\considﬁfed a xylem parenchyma cell

TwhlLe the others are probably phloem parenchyma (Plate 3.4; 2)

Whlle the phloem parenchyma of the termlnal velnlets forms

a tlght ]unctlon at the vein endlng w1th the adjacent

sheath parenchyma cell, the term%nal tracheid(s) is often

observéd to extend sllghtly further‘;round the margln of -
the adjacent sheath cell (Plate 3.5;1 and 2). The 31eve_

°e1ements in the termlnal veinlets pften do not extend to

the tip of the vein enéing; rather, they appear to stopV .
near the end of the terminal phloem pafenchqu‘cellg._ The
ﬁésitive'identifiCStion of the sieve elements is based on:
(1) lack of nucleus and other celi contents in cells.of the
maturevleaf- £2) narrow diameter andlthick primarjfceli’ -
walls, and (3) cont1nu1ty w1th 51eve elements in the u°
veins p0333581ng distingt sieve plates in the mature ieaf

(3

. A number of aberrations were obse@@éd in the-phloem'

-

and xylem.of,the mgnor veins. - particulénly.in relatioﬁ to_°
the vein endings. ' These ébnohﬁalities included: (1) v%riat
tion in the number of tracheids (from zero to 73 ?rachéalc
strands);'ghd (2) variations in fhe nh@bérﬂof phlogm
'parenehyma. "The éberrant Xylem déveloﬁmént’will be.disf

cussed further in the sectlon deallng with mlnor vein - |

.
LY

ontogeny. . o .




LY

.

Cross section of a mature minor Ve@n

[+ .

"showing @ common vaseular arrangement.
ST

T, tratheid; VP, vascular parenchYﬁ§§s~
S, sieve tube element; SP, shéath; B
parenchymé.c$§‘2u58)

Cross section of a mature minor vein

junction. (x 2048)
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Plate 3.5.

2

®

1. Mature minor vein ending in a FPA cleérea R

“‘leaflet’focused at the level ‘of the external
:phloem showing "tight" junctions (arrow) with
.the adjgining bunéle sheath cells. C.I.,
crystal idioblast cell. (x 800)

2. Similar to 1, except focused at the xylem.

level. (x 800) .- ' T e

3 . 3
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3.3.2.2 Leaf Initiation and Early Primordium Development »

The leaf primordium is initiated as a small protruberance
. L !
from the outermost 2 to 3 cell layers of the shoot apex’

‘flank. More specifically, the initiation process involves e
anticlinal divisions in the outermost layer of the two=x
i I

layered tunica with periclihal divisions in the inner tunica

layer and adjacent corpus cells giving rise to the internal
portion of the leaf primordium. Similar features have been

observed inathe tomato cultivar 'Marglobe' (Bedesem, 1958)

o

and in numeroys other -studies of dicot leaf initiation

(Popham, 1966). Fluctuations ’in the‘number‘of tunica layers

during the different stages of leaf initiation and develop-
ment wefe not observed in my material.

. During’'the initial growth phase of the leaf primordium,

A

a distinct meristematic ceell or° group of cells (4.e. an .
, , ) o

-

. apical meristem) in the epidermal and subep;éérmal apical
region of the leaf friﬁordium’wasbnot observed. Rather,
- growth of the prim&rdium is aécompqnied by éiffuse cell
ﬁivision throughout the aeveloping organ (i.e. an inter-
calary meristem).(Plate.B.B;l). When the primordium is
between 20 to 40 A high, conépicuqus enlargeﬁenfﬂégd
vacuolation of the epidermal and cortical cells on the /
aba*ial’s;de become apparent.’ Large multicei}hlar hairs ’

(type I of Luckw@;&5f1943)~begin”to differentiate from the

developing epidermis in the leaf tip region at this stage.

K

The  remaining types of epidermal hairs‘égbsequently
differenfiate from the developing epidermis in -an -

¢
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Plate 3.6. 1. Median longitudinal section of a tomato leaf

primordium approximately 20 u high. (x 1056

'

2. Median longitudinal section ef a leaf primordium

approiimately 50 m hiéh. Note)the acropetally °

.. differentiating procambial strand in the . ‘

s primordium base (arrow). (x 1056) .
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eesenfially basipetal manpner.

L3:3.2.3 Marginal &rowth and Lamina Differentiation

‘When the peg-like priﬁordium reaches agproximately°
200 m°in, height, a nuéger of d{verse eVeﬁ;é begin to oceur.
fhe adaxial ﬁe}istem becomes ;ppareat n- the basal reglpn
of tﬁe pri‘%vdidﬁ Qherajit increases, the radial thiéknels
of the developing petiole by a‘serlée of perlcllnal

d1v1s10ns and the subsequent enlargement of thefderlvatlves.
On the abaxial surface, apparently random ‘periclinal:
divigions in the vacddlating epidefmal layer give rise to

. % f’
the dlfferent types of-glandular and non- glandular

’

-

B
epldermal hairs. Slmultaneously w1th these events, marglnal

- g

growth of the lamlna beglns.o . .
Initial marglnal grawth in a tdmato Leaf prlmordlum
can be'recognlzed in transverse sectlons by the appearance
of the marg1nal and submarginal 1n1t1als on the adax1a1
flanks of the young prlmordlum (Plate 3,7; 1 2). The
1n1t1a1 marg;nal growth 1s locallzed on both gsides “of the
dlstal leaf reglon where 1t will develop into +HE term;nal
ieaflet (#3) lamina. The most dlstal lateral leaflet is also
1n1t1ated at- this time from adax1ally located marglnal and
submarglnal :uu'tlals.n Subsequent marglnal merlstem develop-
.mdht in the lnteral leaflets preceeps an a simllar manner
and at a comparable phase in. their deVelopment.

In cross seétzonal views of the developlng 1eaf1etq,

ifiga-apparent that thes marginal initials glve rise tq the.

PR
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Plate 3.7. -1. Cross sectional view of'a basal lobe of the:’ o
- " .terminal leaflet showings the early developmént - _ - o )
" of the six lamina cell layez‘és (arrows) . °
A~ . N » Lo
. < Leaf 3 is-approximately 250 g high at this
PO ‘stage: (x 800) :W _
. . 2. Slightly.later 'stége of 3.7;1 shbwihg the '
. cTeyelopment "of_ a 2° vein proca@ml::ium tarrdi)
| ’ . L from the upper spongy layer. The procambium o
de'velops ‘in continuity with the mid rib.
. . (x 1280 R ‘ . .
i ’ g . v ¢ 7
£ IR~ \ "
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abaxial and addxial, prgtoderm layers which perpetuate
'theméelves by dlffuse antlcllnal lelSlonS. In the present

-”

'study5 u cell layers can “be con31stently recognize% in the
mesophyll with their production fOllOWlng the middle type
of marglnal growth ‘as descrlbed by Hara' (1957) Once
1n1trated by %he submarginal 1q1t1als, khe four mesophyll
‘cell layers contldue=to ‘develop by means of,antlc}lnal
”divisigne and:cell expanéion througbout(the lamine (i.e.

. by mean's of'plate meristem activity). 6A'c1eer delineation

¢
o

5 between the marginal and submargiﬁal'initgals of the -

s
x

Q

‘_marginal meristem and the piate meristem is;>a£~be§€

1nd1rect when 1nterpreted on the basis of cell wall p081t10né

-~
1

from essentlally statlc Cross sections of flxed le&f

materlal Slmllar conclu31ons have already been drawn wixhrﬂﬁ,

regard to the concept of early aplcal growth of the.tomato
leaf prlmordla due to aplcal and subaplcal 1n1t1als (see

sectlon 3 3.2. 2) Further comments on thls dllemma whlch

[

: presently faces the developmental botanist w111 be found in

> . ‘ ‘o

'the dlsCussion. - ot . o

Marglnal growth ceases in the developlng 1eaf1ets with

.

ce the formatloh of the’ marglnal flmbrlate vein procamb1um '

L.

Whlch develops basmpetally and contlndously w1th1n bcth

-

margins of the lamlna and ]axns w1th the deriVatlues of the

-,

secondary vein procamblal strands. Purthar growth ln ar;d
of the lamxna is due to dlffuse cell ‘division and enlarge~
g v

& - . o
ment in the plate: meristem. I vl S , -

Whlle initial obaervations af the mitotzc ectivxfy
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[ T

‘within the developlng pallsade and upper spongy layers would
‘suggest ‘a diffuse and nandom pattern, a closer 1nspectlon

peveals a dlstlnct relatlonshlp between the develop;ng; :

u

procambium reticulum of the minor veins énd the'planes of
. . ; s ) - . A . . ’
division in the préviously mentioned two mesophyll layers

s (Plate 3.8;1,2). As indicated in-Plate 3.8,cell division

-planes w1th1n the plate'merlstem are lnvarlably at rlght T
/
angles or perpendlcular to the developlng fiinor veins.

Further comments will be made on thls observetlon in thev
1 5 . . .

sectivn on- minor wvenation development.;f
An exam:natlon of over one hundred FPA cleared leaves

‘revealed that mltotlc act1v1ty 'in the lamlna of the most
"basal, leaflet ceasas ‘around !.PI3 = 41, 0 w1th the cesSatlon
- e s 4 <

sequenoe: 1ower epldermls —> 1ower spongy mesophyll -

,——fmlddle spongy ~) upper spongy ~) upper epldermls _;.‘t ‘ ‘

pallsade mesophyll (Fig. 3 11). However msolated mitotic

nd1v1s1ons are stlll ev1dent in the lower epldermls (as well

<I=

. as 1n the upper epldenmls although to a lesser extent)

@

after,mltoxlc cessatlon 1n the pallsade. These late

d1v1310ns in the ep1dermal tlssue appear to be assoclated

“with The last forming stomata. " The lower spongy mesophyll
has highly v&cuolated cells ‘and promlnent air spaces at thls

”v'stage whlle surroundang epldermal oells are developlng 14

L)

.regular borders with mature stomata already present. Further—=

.,

m@re the last glandular and-mon-glandular ha;rs to be

formed have nearly completed“their development S

Aa menb(gn!d previpusly,c%he bonato leaf is

» s R - .. '

’ . PR
- .




Plate 3.8.

-

1. NaOH cleared 1mmature leaflet focused at the

BV

level of the developlng pallsade layer., Note

the dlstlnctlve cell lelSlon patterns (arrows)

o w1th1n the plate merlstem. (x 800) .

2. Semé. Focused at the level of the developing

-

) hpper'spongy layer. Note»the/nelatxonshlp

be¢ween the develoglng procamblal strands.

»

°
~

(arrows) and the planes of divxslon in the’

ad]acent plate merlstem. (x 800)
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' ot amphlstomatous w1th stomatal development proceedlng mere

) rapldly on the abax1al than on the adax1a1 surface.
{ Stomatal ontogenyils very_simllar.to that described for

1 3 - tobacco (Esau, 1965a) and proceeds in a basipetal direction-

within "the developing leaf epidefmis.' Eerly forming

stomatal complexes-at the stoma mother cell stage are

%

closely associated with the formation of intercellular

epaces within the underlying.mesophyll, During leaf
"development various stomatal stages are often observed in

LS

close proximity to one another (Plete,3.9;1). Matufing
leaveekperiédically exhibit gutfation drbpleﬁs associated
‘w1th the leaflet tlps and crenatlons ‘Large stoﬁafa with
quevlylng cav1t1es adjoining the abundant accumulatlons of
marginal f;mbrlate.vessels are observed in these peglons
: (Plate 3.é;2) ehd‘may‘serve.the function of unspeeialized

3

" hydathodes (Esau,. 1965a).

°c .

3.3.2.4 Development of the Major Venation

. When the leaf primordium attains a . height of
< ‘ ~ .

approkiﬁately Sb'u, proeambia} cells of the incipient
primary vein are detected in the base of the primordium

- &

(Plate 3.632). leferentlatlon proceeds acr&petally and

e ‘-'X "\‘ :‘ ¥

apparently contlnuously from camblal tlssue ln the stem

and reaches the 1eaf apex when the prlmordlum is-200. to ‘-

300 n‘1n~1ength (Plate 3,1031,2), ‘ |
External phloem dlfferentlates acropetally from the

procamb1a1 strand and is present ln-the base of 200 1 high




Plate 3.9.

of a FPA cleared tomato leaflet.

_Stomatal cell ontogeny in the lower epidermis’

Various
ontogenetic stages from "the stoma mother cell

to a mature stoma are pointed out with arrows.

i

(x 800) o

Stomatal cavity (arrow) adjacent to marginal

xylemﬁvessel elements at\the FPA cleared tip

of leaflet 3. (x 800) »







& %

Plate'?:lo. 1. Tip region of leaflet 3 showing the_develSDing

procambial strand of the mid rib (arrow’. 4
(X 1056) - o
. 2. Slightly lower than 1. Note the developing

mid rib and secondary vein procambium (arrows). h

: “ (x 1056)




3
-

N

oy




115
primordia (Plate 3.12;1)} The sieve eXements, companion
ceils and associated.parenchyma appear ro differentiate in a
continuous manner towerds the leef apex. Eie presence of an.
isolated stem locus of phloem dlfferentlatlon (ef.. Jacobs
and Morrowz 1367) cannot be ruled out as a detailed study
~ was not mede of this aspect., As will be noted below,

however, .an Isolated xylem locus within the stem is charac-

‘f\

teristic of this variety. The phloem leaf traces exhibit '

considerable complexity in the stem when viewed in FPA
- . d . N .
cleared material. This 1s particularly true in the

hypocotyl regions immediately below the insertion poinbs of
the cotyledons where abundant lateral 1nterconnectlons
.(llterally .a "phloem bunle reticulum') are: observed among ."
the 1nternal phloem leaf traces (Plate 3.1131, 2) “

Xylem vessel\elements,begln to dlfferentlate in the
base of the terminal leaflet when the leaf primordium is
approxlmately 220° A in helght (Plate 3.12;2). JSubsequent
d;fferentlatlon takes place ba81petal;y and,“to e.lesser
extent, acropeteily. zt the 250 h«stege,-an}isolated stem
locus of:xyleﬁ'differentiatibn can be obéerved adjacent to
the pre-existing leef tracesi{Plabe 3:13;-,2). Subsequent
ifferentiation at this locus takes place)in botb oirections
‘as well howeVer the stem leaf traces are the flrst to Join

/

in the aplcal‘reglon of the shoot when the Lé%f prlmordla is

300k3u0 n’hlgh Followxng thls Junctlon, xylem elements .
dlffErentlate bas;petally from the stem locu& and Jjoin with

dlffepentlatxng tracheary elements of an older leaf trace. ' -

<t 2 o'.




Plate:3;1l. P. Cleared region of temato seedllng hypocotyl
show1ng exten51ve phloem bundle reticulum.
- Phloem branch point ;t arrow. (x 200)
'2;,Clésé up éf the Phloem brahch point pointed

out in 1, showing the nucleated sieve tubes °

and adjacent phloem parenchyma. (x 960)
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¥ Plate 3:12. '1. Basé of leaf 3 petiole .showing the ifitial )

dev.elop'mept .0of the median external phloem.

strand (arrow) whéch. will develop acropetally
: .’ . . - ¢ ' v‘ ’ . a . ’ -
into the terminal’leaflet.. (x 1056) ° o :

2. Later stage showing a'_si‘ngle median vessel
N 63 . P N ty

o . ' _" element.sﬁ*and and initiating "internal. '
’ . . -~ - M ’ " “J ‘ v .‘ ’
phlpem strand (arrow). Note the well <. . . v \

. o developing.extérnal phloem strands. ‘Leaf 3
: v . : . ,is’ approximately- 1200 M high. (% 800,_) ’ .

. ® ’

4
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Plate 3.13. "1. Cleared hypocotyl of a tomatd seedling showing
\ . ' ‘. o
C the isolated stem xylem initiation site of .
3 . . .
leaf 3 (arrow). - Probable <dinitiation site of .
. . leaf 2 is also marked. (x 200) . ° ..
. .. - 2. Close up' of the xylem initiation site for leaf 3 ,
3 s ) . N '
showing the typical vessel member morphology
‘o _. markirg the acropetal end of an incomplete .
© - vessel. (x 800). . C ’ ‘ T -
N - 4 " . 2
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The differentiating tracheary elgments of the older trqces

within thé'seedling3hybocofyl are themselves discontinuous

in their development towards acropetally differentiating
xylem from the root. While the leaf/stem locii. situation

-ié'evideﬁt in leaves 2 to 6, leaf 1 may exhibit a variation -,

the flrst 1solated xylem locus is often within the stem
Ladjacent to one oﬁ/¥;; developlng cotyledonary traces
Subsequent development is aéropetal and contlnuous 1nto the
leaf. Slmultaneously,lzge Xylem develops ba51petally and

]dlns one of -the cotyle nary traces. Contlnuous acropetal

- \

.development of the mld rib xylem ‘into the t1p of the

- -

. terminal leaflet is achleyed by the,tlmemfﬁe_p 1mcrd;um,is
3souoaumhe1ght. . .

_' The . lateral leaflets subseque;tly initlate xylem in
the basal mld-rlb reg;on which’ then Jolns the developlng
fracﬁéary elemehte-within tﬁe rachis. Howeﬁer, scbeequent
acropetal maturatlon 1n the leaflet is dlscontlnuous, unllke
that found 1n the term1na1 leaflet. The mld rlb ‘xylem strands
from the two subropp951te_leaflets.(#2 and ) subtendlng
‘the {egmlnal leaflet develop,basipexally where they jOln
w1th acropetally déveloplng stem- loci. The stem. loc1 in

turn join with the older -yet stlll developlng leaf traces.-

":However 1n(39af 1, the lateral. leaf traces are, derived :’ S0
from the ma]or secondarles whlch develop lnto the-basal '
1obes of the 1ammna« .The presence of the three ma]or xylem

'traces glves the tomato 1eaf node its typlcal trilacumnar ’ -

h.hypearance.: Xylem vesqel,deyelopment,at the base .of the )

‘.




123
a

petiole ig®positively correlated (r = 90.7; significant at
the 5% level) with the developmental status of the leaf
(Flg 3.12).

>

“Secondary vein procamblum in the termlnal ‘leaflet 1s

apparent in 250 M long leaf primordia and develops in a
continuously acropetal manner from the mid~rdb procambium.
All”the secondary veins are ouﬁlined by procambial strands
before the leaf is 400 m in length (Plate 3.143;1). The
procambium of the ségondary veins originates from,the.
developing‘hpper spongy layer with the middle;spongyilayer.
contributiﬁg ceilsito the'abéxial surface of the bundle
sheath (Plate 3.7;2). | . ‘ | o — ¢
Simuitaoeously‘with secondary veinlprocambiuﬁadevelop— |
ment, external phloem progresses aerooefall§ into the distal
‘reglon of the leaf where it w1ll develop 1nto the secondary
, veins. ThlS pr6/ess of phloem dlfferentlatlon proceeds in

\

successive secSndarles.ln a ba81petal sequence end précedes

‘_secondaryvveid‘xydem d;veloomenf. The Qarioue éxterﬁgf
phloémfcells develop iﬁ a confinuoué sequenee with no
apparent disjunet’ dlfferentaalon ' -

Internal phloem develops 1n an apparently contlnuous

— -
. manner from the 1nternal phloem stﬁands of the older leaf
- ‘ traces and is present in leaf p}*imordla 550~ 700.).’ long
) _' ' (Plate 3.12; 2) It appeara to terminate 1ts acropetal |,

d;fferentiatlon at the junctlen of the most, dlstal

secondary velns. Zﬁiernal ‘Phloem proceeds to develoP '

‘e

4;0309eta11y_1n suqeessive'sedondarles in a basipetal séquence.

o " -
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figure 3.12. Number of xylem vessel- elements within the
. tomato petiole as a function® of LPI,.
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Plate 3.14. 1.-Progressive and continuous develépment of the

procambial cells 3f the 2° veins and their

Yerivatives (arrows) from the upper spongy

mesophyll layer. (x 800)

Later stage than 1 showing the isolated vessel

element development of the marginal fimbriate

vein (arrow). Examples of discontinuous

, , ,
tracheid maturation in the minor veins are

also evideht.'(i 200) ‘

o
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The first mature xylem elements appear in the distal ¢

secondaries of the terminal leaflets when the entire leaf.,

is approximately 450-550 long ‘(Plate 3.15;1,2): TIrregular -
Dﬁaturation P£ t?e tracheary elements is consistently i

observed in the secondary veins (Plate 3.1631,2). The

basipetally differentiating ﬁarginal fimbriatevvein-xylem

is also discontinuous (Plateés 3.14;2 and 3.16;1). It oftén

deyvelops in an isbiated manner at the junctions of 2° vein

derivatives within the crenations.~ .Subsequent xylem

differentiation in the marginal fimbriate veins is éssentially‘

basipetal (Plates 3:16;1 and 3.1731,2) and its development

is in close gontinuitg with the minor vein xylem.

»

"3.3.2.5 Development of the Minor Vemation

}Miﬁor vein procambium differeqfi;tes_péogressively from
the plate meristem and is restrictea in origin to the upper
mesgphyli layer. Initially the earliest occurring procambial
strands(are formed'through a series of periclinal and anti-
clinal d1v1510ns .in the distal part of the terminal leaflet,
and later, in successive intercostal areas in a ba81petal 1
sequence (Plate 3.18;1,2). Slmllar bas;petal sequences are
foupd in the lateral leaflets during later, yet comparable,
stages of development.oﬁ : ‘ ‘ ' ‘

Duriné theuléaffs early incrgaéé in.area, thelminor
vein reficuiumzekpands'by elongation and is;aqcompanigd by
occasional transverse divisions of the procambial cells.

Séme.dtscontinUities were observed in the prggressaon of the

h
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Initial stages in the deyglopﬁent of the
marginal fimbriate vein xylem at the tip of

the termiﬁal leaflet. (x 200) - - ¥

of the vessel elements at the leaflet

ote the apparent séalariform'pefforétion

tip.
plate 4t arrow. (x 8003
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Plate 3.76.
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- = 14 ) -~ ‘e ) :
in the *margirml fimbriate vein xylem are noted. .
by arrows. (x $0) : ., o S
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2. Basipetal and discontinuous matugation of the
. d ' - ) . L ‘ ; * - :
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' - Plate 3.17. 1. Immature tip of leaflet 3 (NaOH cleared)

. showing irregular maturation of the’minor

vein‘xylem and its relationsﬁip with the
’marginai fimbriate iylem.~(x fOO) L -

2. Immature margin near the tip of leaflet 3 .-
(FPA cleared) showing theé nucleated vessel

element with perforation plate (arrow at left). v
¥ . B

s o Note the failure of the external phloem strand
‘ - (arrow) to develop into the exfneme leaflet
tip (towards the bottom of the p%ate).(x 800)
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Plate 3.18. 1. Early stages in minqr‘vein dévelopment from

the upper qungyimesophyll layer as viewe

>

3%

iewed in a FPA cleared leaf preparation.

L Arrow marks the end cell which is undergoing

a paradermal division into stage 5 or 6.

. . (x 1056) - '
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Rrocambial tissue t

Geperally, these di

137

hrough its developmental sequ@hceé.

¢

scontinuities involved apparently

,precogioué,=yet essentially normal, mitotic activity at the

A

intersections of mi

nor veins (Plates 3.1931,2 and 3.20;1,2).

Vein ending formation is essentially, unpredictablekdue to

its random nature.

developing procambi

In general, however, most if not all

um tissue within clearly defined areoles’

will become terminal. veinlets i.g.‘late forming procambial

strands daﬁeloping
minor vein. A few
procambial network
lined-in:F;guhzh 5.

in continuity with

bv stippling. Thes

procambial cells or

As.the'figures

patterns:

a) areole forma%ion due to progressive development of a

procambial stragd (

a

and across an earli

(Figures 3:;13A, 3.1

T
progressive with ar

3

,progressivély towards a relativéfy mature

of the variations in development of the .

as v1ewed in paradermal sectiohs are out—

13 to 3.16.- Elongated plate meristem cells

: 4 .
developing procambial strands are outline

e,cells are .interpreted as potential
"extension cells" Eﬁﬂéﬁ Héf@ (1962).
indicate, minor vein dévelOpmenf %;

eole'fopmation foilowing 2'disfénct

- * .
- . ’
.

[N

at right angles to the existing strand)

v

d-

&

er formed areole (or "areole precursor")

3B, 3.14A, 3. 14B and 3. iSA)

b) Areole formatlon due to multlple procamblal strand

linkage w1th1n an earller formed areole (Figures 3.15B,

3.16A and 3.16B).

This type of areole formation follows

from the near simultaneous development of a numbBer of pro-.

cambial strands into an' areole precursor.
. - , '\. R

External phloem initiation in the mindp vein reticulum.
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Plate 3.19. AStéges 6 and 7 in mfhpr'vein development as

. L I ‘

viewed in FPA cleared leaf material. (= 1056)

Similarito 1. Note the pair of transverse

4

divisions in the minor ,vein procambium strand

Iy

giving rise to'stage 7. (x 1056)







Plate 3.20.

1

®mesophyll. (x 1056¥

Stages 10 and 11 in miﬁop,Vein dévélopment as
viewed:in FPA cleared leaf material. (x 1056)._‘//4
Similar to 1. Note the formation of inter-

~ cellular air'spaées.within the adjécent spongy

;/- ~ N
s

" | u
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Figure 3.13;A and B. Progressive formation of minor veins within
the developihg’leaf lamin& and viewed in

paradermal section. -These figures are
Ll . N &

.o b _‘derived from tracings of photographic

print;. Potential procambial cells or
"extension cells" are outlined by stiﬂpling
while precambial cells are nucleated.
. . Note the ppresence of oﬁly one or two
. pIéte'meristen%cells between the developing
proéqybial strands as Weil as the tyéicalA
bis;r{ate origins of .the minor vein
procambium. <{(Fig. 3:i33A, x 1056

. Fig. 3.13;B, x 960). -~

2
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Further examples of the progressive
1. . - ‘
formation of min?p veins within the
. HNE -
-  da
develpping tomato leaf lamina. Note®
. ‘ '

the apparent extension cell inter-

connections between ‘developing pro-

cambial- strands in-Figure 3.14;B

(x 1056)% co
¥ 4
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b Figure' 3.15;A and B, Multisériate development of minor vein o
. . er . .

I - ‘procambial strands~asfwe11'as'appanent,

P

. . ~

v A h ' ﬁultiple

Y

areole formation. (x 1056) '

3
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e

§%rand linkage within

.

-~

Areple fo¥mation due to multip}te procambill -
. . ° g .
earlier formed

. ‘ / ' .
areole. §x/£9§ﬁ%//' ' ) ,

Later,sfégé than A, Note the planes of the

cell wall formation witKin the plate meristem

cells surrounding the deyeloping_procadbial

strands of.the:minor}veins. (x 1056) -







is besipetal and'essentially oontinuoue with existing
phloem elements., Althoughptracheid precursors are‘laid'
down.nrior to- the pnloem within the devefoping pnoggmbial
retioulun, maturation of‘the sieve tubes is completed prior

: .
to the differentiation of adjacent tracheids. The

r

tracheids mature in a tYpically discontinuous yet basi-

<

petal manner with complete development withip_ the basal

leaflet lamina occurring dhring the exponentiel phase of .

growth (i.e. at approximately LPI3 ='+2) when the'subrounding‘

) mesophyll cells” are non—mltotlc, h¥*ghly vacuolated and

und oing cell separatlon (Plate 3.14;2 and Plate 3.213;1,2).

A genetalized summary of minor veln ontogeny is presented

in Figure 3.17. J

F

In mature leaves (i.e. LPI3 > Ll.O),qanomai:;]’,)'.es in.xylem

develppment are evident in the mino» veins and particularly
. . ‘3 M i - : - ®
in assocjation with terminal veinlets. The most common

aberyations 1nclqge lack of any 1nterven1ng mature trachelds

between a seemlngly 1solated, yet mature, vein- endlng and
\\

the océuprence of only one tracheid within:the vascular

P— ’ ’

strand. No dis¢ontinuities were observed in the external
, .

phloem etrands at these aberrant xylem sites. . ¢

.0

) -Varquion in xylem developmenf could be traced to early

¢

differences in the dlrectlon and/or number of“mltotlc events

arodnd stage 5 (iig:'3;17). These 1nf/%red anoma{les in

> xylem ontogeny include: _" N o

[

a) transverse d1v131ons of cell 3 followed by normal

“t

‘phloem development frOm derlvatlves of cel}élu and 5




-

.

Plat¥ 3.21; 1 and 2. Examples of*incomplete tracheid maturation

™

' »

« }n the minﬁr.»ein.s§stém. Thééy'"précociqps"
tpachéidé gften'develop at the pgint of
vein intérsections(ﬁ (Plate 3.213;1, x 863 ’
and ‘Plate 312132, x 960)

Py
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Figure 3.17% Generalized summary of minor vein ontogeny in -~
. "the developing tomato lamina. Cell types &t the

s . Y o ) ‘,‘.’ N

mature stage (12): 3 and 4, tracheids;,sﬁ.S', 6,

6' and 7, vascular parenchyma; -5"-%apd 7', sieve

+

tubes: = _ ’ )
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b) cell 4 develops as xylem parenchyma; normal phloem
éévelopment from derivatives of cell 5;
¢) cell 3 develops as xylem parenchyma; normal phloem

development from derivatives of cells 4 and 5;

- d) cell 3 develops as xylem parenchyma; no tracheids form;
normal phloemﬁdevglopment from dgrivatives of cells 4 and

53 |

e) cell 4 divides paradermally; the upper derivative
becomes a trgcheid;’the lower derivative 5ecomes 2 xylem ~
pérenchymaz This appears to be the ﬁost common agéf?ant

1

form of the five observed.
N o . -
¢+ Xylem strand separations (Plate 3.229,2) were
- ’ B / - o
occasionally observed between minor veins and veins of ,

increased comﬁlexity (e.g. between 2° and 3° veings). These
separations resefible Slade's example (1959; Plate 5, Fig. 3
R of her article) of a small veinlet becoming disconnected’
| from a main lateral vein. A close examination of these .
siteg in NaOH cleared mature tomato leaflets éLP;3J> 4.0)
.ﬁevealed,‘howeQer, that the "sépaf§tions" were often. -
restricted to the"xylem elements and not to the associated
phloem and pa;enchyma. Slade's example appears quite
s " similam. Whether these xylem separations were due to . ' .
' iamina expansion or histoloéacal proéessing is unknown.
However; no, evidence was fbﬁnd of vein end?ng formgtion by
) , ,

. a rupturing mechanism at any.stage of the leaf's development .

/

as postulated by Slade. o | « f




‘Plate 3.22.

‘NaQH cleared leaflet.

Incomplete xylem development at the junction
of a 2° vein with two 3° veins (arrows) in a

Phloem development is
' A ’ )

complete at these sites. (x 200)
.

L)

Incomplete xylem development in a minor vein.

e J . .
Complete phloem strands are evident (arrows).
1

(x 800)







v,

v,
¢

-

3.4 Discussion

Tﬁe growth and biochemiqalystudies outlined above
‘demodggpéte that thelPI and L?I,are applicable, within
Alihits,‘ for describing the morphological status of the
vegetative tomato shoot. Furthermore , this applidation is
valide;ﬁﬁer to‘individuelvplents sampled over a speci{}e

time interval or.to a large number of_plante Sampled

-

simultaneously at ‘different times of the year.

»

The noﬁ-linearity in the PI/time"cu%ve y(Fig. 3.3) is
due to flower bud p;oductlon after 9-10' leaves are, produced.
-®
Although thls index is, as a cons&quence, llmlted 1n

accuracy to the early vegetatlve stages, 1tAis appqrent Lo
that the PI and IPI are quite adequate for studying

~deve;opmehtal features of the éarly formed leaves (i.e.

leaves 1 to 7). Y

T . - ' . .
True leaf number 3 goes through four distinct growth

) A -~

stages which %an be'chéracteriZEd in terms of the LPI,:

.:i)‘LP137 -2.0. This ﬁeripd includee all feetureé of
leéf development until the leaf is 2+6 ﬁm lohg'e é °
1n1t1at10n of the termlnal and lateral leafleté in a’ba51—
ﬁe;al manner and assodx\sed anatomlcal features (summarlzed
in Tahle 3. 7)‘ : ; R , . o

N c

11) LPI .tV 0. Cessatlon of mltotlc ac11v1ty in the . ~
lamina of the. most basal leaflets. Sgbsequent lamina grpwtﬂ(

by cell expansion and cell separatlon only.. A summar§ of ,
) .

lamlna development 1s presented in Figure 3. 18. -

111) LPIs = +2.0, Completlon of‘&lnor vein. maturatlon
. o . . . B
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Table 3.7. ‘ A summany of 1mportant early ontogenetlc eventse

-

during tomato leaf'growth and development

= k4 - ~

APPPOX1mate ~ ' D N »

leaf length

'20- 40 2

LRENY

’

50 A

» 200~ 300 m

200 2A

+

" 220 M
250 M -

+250- 400 M

270- 300 M
v
300~ 340 M

360- 400 M. -

400- 450 A

3

550~ 600 aa

~

Il

550~ 700 M

2
*

'1000-1100 M

>

-

1-2 mmf

S mm

’

-

. formation of apical fimbrial vdssels

7

vacuolation of epidermal and cortical cells on *°
the abaxial surface; dlfferentlatlng epldermdl Coe

halrs evident . g* . e ]
. . .l-’ “ .

‘midridb procambium in.leaf base ° ~.
midrib procambium in* leaf apex-

marglnal growth 1nxxlated, gxternal phloem in
leaf base, adaxial merlstem in leaf base v

1solateq,xylem leaf locus .

-

isclated xylem stem locus®

~

>

secondary vein prdcambium apparent C e

leaflets 2 and: 4 pMesent as small bulgés on
the dlffereqﬁlatlng rachis

complete xylem connectlon between stem and
leaf: ., | . (. A )

mafure\vessel elements at leaflet 3 apex
’ ‘ : ‘ -

first matnre secondary vein- xylem conpection
w1th'ba51petally differentiating‘marginal
flmbrlal veln xylem : Lol
~1nﬂernal phloem sfrands ‘differentiating e
acropetally towards leaf apex .

i

leaflet 3 approx1mately 800 u. long, leaflets

2 and 4 approx. 200 m; leaflets 1 and §

approx: 50 wu; flmbrlal veln procamblum halfway :
down leafilet 3 ‘margin - ) ' S

\\eessatlon of mitotic act1v1ty in. apxcal lamlna
region of leaflét 3

E]

mature marginal fimbriate vein (LPI = -2, 0 ﬂl
approximately) xilem at the.tips of’leaflets vy
2 and'4 o :

. . » A
o , . ) g
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Figure 3.18. Pattern of lamina development in tomato.
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(i.e.\ve;n ending tracheid maturation) which immediately -
» * i " P -

~ v . .
- preeedes initilaticn of a rapid decline in total solyble

carbchydrates within the developing leaf. Appreximdte-
» . '{ - . i ’ )
point .of maximum growth rate in leaf length, fresh weight.

o

"Cell en‘argement and separatlon is taklng pWace throughouL .

N ’

the lamina of the- 1nd1v1dua1 leaflets . : -~
iy)nLPIé.;,+N.O., Cessgtion'of eiponential pﬁasé of leaf v
3 growth (i.e.'phéqe 1) in terms of leaf length, ér631' 
fresh/dry weight, ana totglychloroﬁhyll level. Minimum
-level of total %oluble carbohydrates 1s-ev1dent at tth'
point. Leaf 1s'anatom1cally and phy51olog1cally mature. S é
’ Durlng the initiation process, the amount of 1nternal
" leaf tissue dgnived‘fbom the qutermost cells of the cqrpus 3
"<;§gi§n within the shoot é?ex is diffibult to determgng, -é‘
: wever, it would appear that the majority of internal leaf ) .
. tlssues are ?erlvgd from- the T2 layer through a serles‘of : ' .
‘perlcllnal and antlcllnal lelslons wlth minor contributions -

e J

to the leaf prlmordlum base by derivatives of the corpus. S
" The role ﬁlaﬁed’by thé‘diﬁferent regions of the tomato -
shoot apex in the organogenlc process is unknown  The

results of Lange (1927) and gsey (HusseYy and Turner, 1969 ;

‘: 3 ':\*ﬂ&i‘ B piﬁ-»’;m'"“!" e

Hyssey, 1971) suggest that thé_initial orgﬁnqgenio event

"(i.e. formation of a "growth center" of increased mitotic.
. . " o \

activity) is relatively deép,ééated within' the sﬁbot apex

and is probably within the outer perlphery of the corpus.

I

Thls is contrary to Schﬁepp '8 theory of leaf prlmordlum

formatlon (Schuepp, 191u as c1ted in Foster, 1936) and also



’
>

contrary tc _ynden's recent v*depce fer leaf initiation in

e Ty K -
, dea (Lynden, 1871).  However, §ussey.(1972) has re—evaldatgd'
i * Lyndon'’s work and addeg his own analysis based on colchicine-

blocked metaphase distributior and carboen ;artig}e marker
-, g : [ .

- ! ¥ . - . .
movement con the surface of the pea and romatc apices. .The.

”"

data substantiates the concep¥ of a growt“'benter (i.e. e

region of rncreased mitotic act1v1ty) within the corpus «for

both species and is centrary to Lyndon's oniginal conclusions.

dntiates the

The present histological evidénce's

1 leaflet .,

allometric analysis of %erminal_ leaflet/

growth-i.e". the lateral leaflet are ihjtiatgd durfing the

?%rst 1000 quffﬁermiﬁal leaflet growth. It is also éppapgnt
SO . . L : e s

,ffgm;h;stologlcal,ev1dence that the leaflets are initiated .

in a basipetal sequence. 'This initiation of leaflets in-a '}‘"

basipetal manner is contrary to the réﬁétivelyufgw:stuaiés

-

[

in other cpmpound leavés such as Carya (Foéter, 1935),

R Clematis (Tepfer, 1960), Acacia (R%eksoh, 1969) and
. M
) Doxanthus (S;struqk and Tuckgr% ,97u) which develop thelr

¢

»
) laterai appendages.ln acropetal sequence. As a consequence,

’

« ’ - . » . . 3 - ;“
. direct ontogenetic comparison with these leaves is limited.

. - Revertheless, it is ‘evident that the basic devélopmental

— sequences’(e g. procambial strand differentiatidn in the .

,mldrlb and subsequent lamina development) observed in the:

compound leaves arg,probably qu;te srﬁilar. 7
- “Leaflet Zrowth.ln width ﬁelatlve to length is con-
 31sten§1g greater for the tefmlnal leaflet than the 1atera1

. ones. The earlier development and terminal posxtlon are

[




probably imporfant factors ‘in,.allowing successful ,

" ’

compeyition for.ﬁutrients from the rest of . the piant and
bossibly” fio restfiction‘oo’lateral'growth due -to limited
spaci%g as ‘found ;ﬁfﬁ1laieral leaflets in the leaf prlﬁordlum
stage. An examinatien of pallsade mesophyll. cel]l areas
(cross sectlonal) and agsoc1ated blade areas -in mature . 3
(LPL&)M.O) Teaflets (Table &u)suggests'that,the basipetal
trend in sﬁalinees of the individoe; 12afiets is due to '

both fewer cells at maturitY'and'é smaller -average cell

size. Theedecreasea.cell numbers may be'due to the pro-

", gressively lateér initiation of the leaflets in a basipetal

direction with the consequent ofoduétion of fewer cell
generatlons.

Certaln dlfferences were noted oetween thls study of
tometo.leaf development and the one carrled.out by Bedesem

(1958). Contrafy.to.Bede;eq, bufain agpeemeot with Laﬁge
'(}9270, no'diécrete apical meristem was observed in the T
ﬁemevging‘leaf‘primordium" 'Rather “the eerly growth -in
léngth of the leaf prlmordlum appears to be due to scattered

cell lelSlon and enlargement throughout the developing

organ (i.e. dPe to ; dlffoSe or non-locallzed intercalary
oefistem), ’Whi;e the presence ofven‘appEpenfly mitotically
active epiderﬁai and s&b-epidermel groupfof celis is eviﬁent;
1n the young prlmordla, it 1s questlonable whether the
distinction between an ap1eal nerlsteh and an 1nterca1arv
‘meristem #:’an be made’ on the basis of histolog:.cal exam.nanon

‘alone. Following their extensive labelling studies of DNA"
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svnthe51s during lamlna development in X thl urm Maksymowych

and WOchok (1969)\expressed similar deubts in any purely
[

hlstoLoglpal attempts at clearly delineating the.marglnal

- " 14

’

meriétém from the plate meristem. It is appafent that the
class{sal cqhcepts of the various 1eaf meristems desperately
need a reevaluatlon in terms of tlmlng, duratlon and relative
intensity of, the mitotic cycle with emphasis placed upon’ :

the charqcterization of disoretevcell cycle populations

within theJdeveloping primordia. .

"The 51ze of ¢he tomato leaf primordium (gy 'Farthest

North') at anatomlcal stages comparable o Bedeéem s leaf -

™

study.of the cv. 'Marglobe'(Bedesem, 1958) is approxlmately
one half. In view of the con51derably larger flnal size
attained by Yeaves of 'Marglobe< over thq('?arthest North'
cultlvar and a53001ated stuflies in other digcot species (e. -8

tobacco;’Avery,‘1933; clover; Lersten, 1965), it would
r /': l . v
appear that the increased durafion 6f various early develop-

mental stages in the young prlmordla may ‘be correlated w1th‘
]

‘ﬂlncreased flnalasize in the mature form.

The'deVelopment of an'apparently optiohal fourth spongy

‘mesophyll layer in the 'Marg;obe' lamlna was not observed

G
in 'Farthes;.North‘; Whether the formatlon of thls

additional spongy layer is a functlon of leaf position,
varletal Q1fferences and/or env1ronmental modlfleatlon is
~uﬂ¢nown.

T Bedesem's observation that- "the ends of the veinlets

on. the mature hlade margln have clusters of somewhat

> . CoA




-Rather, his failure to recognize a dlscrete marginal fim- .

‘initiation sequence "is in agreement w1th Jacob s work in- \

“tion of xYlem'which is 'initidlfly connected to'an older trace.

A smmllar dévelopmental feeture has been reported for

| | o - . {466
disoriented spiral traggeids"'(p. uSéi is not supported.

)

o
ol Tt 7

briate veip composed predominately of'large‘vesse% elemeénts

o

with spirally thickened walls suggests that the "digoriented

1)
\ N

°

,Spiral tragheids” may indeed Be\gjehmargiﬁal vein. Sections

cf rature lamlna tissue cut tran eraely through a small

1obe or crenatlon would give the appearance of dlsorlented
trachéary tissue along the Plade margin. An examination of
the mafufe leaf vasculafure of six otﬁér:cultivars (i.ei
'Alsia Craig', 'Bonny Best', 'édsh Beefsteak't 'Golden Queen',
'Rutgers“and"Tihy Tim')_haslrevealed,similar xylenlpatterns,:

suggesting that,thie feafure is probably ubiquitous to most, :
- J R . N .

if- not all, commercial tomatoc gultivars.

‘. N
A locus of xylem-initiation within the tomato stem was

-
il

‘not observed by.Bedesem. In the present study, it is appar- . ,

ent that.the differentiatijon of xylem vessels at isblated leaf
and stem locii occurs quite early in the development of leaf- .
npmber three. While the initiatidn of xylem at the leaf

locus appears to sllghtly precede the)stem locus, examples »

were found of a reverse order of lnltlatlon The lattev
/

*

Coleus (Jacobs and Mo:row, 1957). A seepnd varlatlohlln the

L S B . o ee
locus of xylem initiation is observed in" the vascularization

of leaf number one and involyes the acropetal differentia-

v

Coleus and Anagallis by De Sloover ?1958) These vaq;able
. L ! - ' -
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> | o
- occurrenees in timing and location'of xylem formation are §
probably due to_locally altered cellﬁlar,environmeﬁts oo ‘%

. ’ . - N : . ) 4
caused by“minor fluctuatdions in the levels of various

o v

endogenous factors (both nﬁtr}tional and hormonal).
oo .

While the minor venation of the tomato leaflets may

/

show considerable localized-eéfiéiigﬁ in.terms of number

;and afrangement of vascular tissue; a generalized scheme

of minor vein ontogeny can be presented (Fig. 3.17). |
My views on fefminal veinlet fo}matioq coincide with

Lersten's (1965) in the sense that "...the pqpcambial‘strénds

are quitg,complex even at an early stage and proﬁably very

quickly attain.a level of structural complexity aﬁd a .’
- N e *

degree of differentiation that can be assumed to prevent
the formatlgn of junctures with newly formlng procambial

strands', (p.‘772). . _ v

A2

. The apparent control. of planes of cell division in the

<

: upper spongy layer by the early stages of the developing

- aocamﬁ;a tlculgi may have ap'lmportant bearing oh’ thls
pro'zsml »t:piams 8

w,‘?

"o Schuepps view (1926, as’ clted 1n Av&ry, 1933) that all

2) This observation is contrary to

e

plate merlstem cells show a complete lack of arrangement.

“

Certalnly, the r1ght~angled ievelopment of. succe551ve o - o i

. . .

-
e

members of the minor velq_prqcamb;al reticulum-appears to .

reflect the PT rior orienfation of the plate'merifteﬁ éelle' ,
- . . ) !
“in the upper spoﬁgy mesophyll layer whlch, in’ tupn ‘was : ) '

<

1n1t1a11y caused by earller developlng procamblal strands .

(e.g, 2° and 30 velns).‘ Thl& cyeclice 'cause and effect' - . .

El
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system wouid lead ineyitably to;\a)fan orthogonal rqtigulaté
battern of minor venation; and b) a threshq@ld areole size-

above which«further subdivisionqby'hewly‘ini?iated‘procam;

bial strands would be ‘expected.

From fhe physiological point of view, one could hype-

”

thesize vein ending formation caused by the alteratlon of
[] . . ® -

"hormonal/nu£¥1tlonal" fields emanatlng from the earller

formed procambial stages of the surrounding reticulum and
priop to the completion of‘the later forming procambial
strand within the areole. However, Hara's (1962) suggestion -
that tensions within tﬁe_le;f during its rapid'expansioh
could be removed by dlfferentlatlon of potentlal procambial
cells into mesophyll cells is . equally valid in v1e;>of the
total lack of experimental evid%nce.
While no disjunc% minor veins were dbserved-%n tomato
as foﬂnd in Eugﬁorbia (qubsf, 1972) it is interesting to
2 note that Bedesem (1958) was able to induce.gaps in, the
developing minor vein;,as:well as the formation of apparent .
disjuﬁct minor'veins'by‘TiBA apﬁlication to young tomato
1eaf“primordia Whether these, dlsrupted mlnor veins were
'formed by breakage or by subsequent dlffepentlatlon of pro-
cambial cell precursors into mesophyll cells (51m11a? to
Hara's extension cells) was not established. It is agpareqt,’
S however, that'an experimental approach to the problem of |
disjunct‘vein formatign could.be initiated through the use

a

of an ontogenetlc system precisely deflned ln terms of a

.
- - e
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o

developmental index ané’cqupleﬁ wi%h'highly.locgiiZed TIBA o
apélications on {he developing iamina of. tomato léafie%s.t -
An important feature of the present obseryations on
tomato minor veiln ontogeny is the dpparent "ﬁE‘;lple choice"

allowed the pr@camblal strand for 1ts further develo;ment‘
from the 'e;tenéion éells' (see Fig. 3.i3'to 3.16).hgwﬁile
-1t 18 conceivgble that.gll mesophyll Eeli prebursérs h§Ve'
the pot%%tiél for ﬁrocambial Fell development, the final
selection .must rest on position'relagive tolearlier.formed,
adjaceﬁt.proéambial strands. The sighal for either vein
completion or non-completion (i.e. vein enﬁiﬂé forﬁation) : )
“brobably comes from the procahbigl strand towards wHich tﬁf
younger strand is develoﬁing. The critical proéambial;stage,
after which no connection with a younger?Stagé is poasible,

is unknown°v However, a thorough examination of. the

sectioned, and cleared materlal would appear to suggest -that

oncde stages 4 or 5 (Fig. 3.17) hdd been reached, no further
connectian with a developing procambial stbanq;is possible.

h in;viéw-of the precision with which tﬁe.déveiopmentai
stétgs of the tomato- leaf can ﬁé described both qualita-
tively and quantitatively (at the organ, tissue, phyéio-h
10g1ca1 and biochemical levels), it 1is apparent that the ’

LPI should prove to be an adequate index for studylng the

regeneratlve capacity of the tomato leaf.

i

N




CHAPTER 4

. .
ROOT REGENERATION FROM LEAF CUTTINGS

o o

4.l Introduction v

3 ¢ o

. The ppe emlnence of the 1eaf -as a source of hormonal

12

and. nutrltlonal substances necessary, for root formatlon in

s <

cuttings has been recognizgd for almost 100 years* (e.g. see °

the early review of Went and Tﬁimaﬁn, 18373 and individual -

@

works such as Cooper, 1935; Went, 19?8" Yan Overbeek and . .

Gregory, 1945; Van Overbeek Gordon and Gregory, 19q6~
" Adams, 1967). . o ' ° C

‘bue to its sensitivity and simplicity, thé:tomato leaf
eﬁtf&ng has been -a fgpourite system for studyiné the effects
of natural ahd syn%hetic auxins on ipducgd adventitious
root formation (Hltthock and Zlmmerman, 1337 1938Y

However, no recent, studies on the ef%ects of the othervmajor

s
. °

groups of plan; growth subetancee appear to have been

pursﬁed in ghis regéneratiog system.’ With regard to “the
%pbepelllns, only one published report has appeared Wthh9
deals with the effects of GA3 on rodt regéneratlon in tometo.
Using shpot“cuttlngs, Jansen'(196;)fconfirmed some of the -
eap}ief results of Bfienoeg ai. QléSO),wpp worked with pea

cuttin&s:




T - X 2

- C s e . . c e D C s
: - 1), GA,; inhibits Toot regenerat;on over a wide concefitration

. 3 .
. a [ I

i range (i.e. from lD’%}mg/l to 1000 mg/l) > -

o

11) GA ex;%ts its effect durlng root prlmordla 1nduct1dn L

& o - w1th no apparent effects on root development, and

1ii) €§3 is ungble to inhibit rooting completely.

Unlike Bfian'anﬁ‘his co-workers, however, Jansen did

L not rule out the pOSSlblllIy that the GA3 effeet wids not"

looallzed at thenslte of gpimordla formatiOn;J Insteed,‘he
. postplated that the GAB respon;e‘woulé befindireg% due tol

' its effec%s 1% the shoot tlp (e.g. growth stlmulatlon)

‘ - “whlch would in turnt g;ve rise to auch correlaglve euents:

as 1nh1b1t1®b of root formation 1n the’base of the shoot.

- &

° Interestlngly, Hanseh found that IAA waS‘lnhlbltory‘to the

7 . B v /I
“ L . rootlng of tomato shoot cuttlngs. He suggested that the ’
v L Y i
. ‘%regeneratlhg shopt cuttlngs were probably saturated w1th
-k enﬂogenous IAA, and hence,,exhlblted a toxlc response to
- Y i

. - exogenous IAA appllcatlons. This appears to be a plau51ble

ETI explanatlon in- view of the High levels of IAA found 4in . - .

€5 ﬂtomato sheots (Schnelder, W1ghtman and GleOn, 1872). B _ {5

&

However, Jansen s observations with tomato spoot ¢utt1ngs.

*did notgsignifioéntly extend the original .observations of

.+ - Brian et ai, (1960) nor did they explore possible links .

betweeﬁgalteﬁeq¢metabolic patterns and GAj,- inbhibition.of ; .
> foot'begeﬁeration.' As P_tOOI for studying regeneration,

the use df a complex and developmentally undefined shoot ' -,
® K S - - .

gystem with *its attendant failure. to respond ‘to exogenous .

auxins, -pake an evaluation of Gﬂanquxin interactions

. . -
¢ . ]

&
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impossible;N It should be bointed out that modifications of

%he.GAa”inhibition of root regeneration- by other growth- e '
. N - . . . . .

_substances.or nutrient substrates have generally been

considered in terms of concentration efifect-with 1little |

regard to the tlmlng and sequence of appllcatlon Finally;

. it should be pbted that Jansen's use of root dry welght as'

a measure of'goot fqmatlon would:" noth al,low a- complete,

-

eeparationvof root initiation from root:érowth - two

developmental events ,which show considerable divérgence~

in- theirwresponses to growth substances.

' As indicated in Chapter 2;'¥he hypotheses .for GA,
s . v ' - .
inhibition of organ regerieration centre on.inhibition of

'prlmordlum.ln tiation and/or subsequent déevelopment. A
. P ’ P

metabollc llnk between an altered starch metabolism and GA3
. . ) - >
induced regené?a{ien inhibition has been degeloPed by
Thorpe eadahis co-workers over the -past seven years for

.ow : N o . -
in vitro bud formation from tobacco callus. Howevér, no
— ——— »

- : -

4 . @ o a

- ~~ such links have been estdblished for rootfﬁegeneration
~except in & very cursory.and»qualitetive‘feshien by
. _ﬁﬁhzel (1968) wha noted that. starch accgmulatgeqs,were_ .
iess in GA, tfeated’petipie°segments of detached Begonia - |
' 1eaves than in cohtiols.v No con51deratmon was glven to~ .
a ~‘_ possible'GA3 indiuced corgg;axlve effects Wh1Ch mlght have
| accounted for this observation.

As a consequence, the present study 1nvolves four

-

-

, ) 1nterre1ated areas: o,

. . . . ‘
ST 1) to relate the developmental state.of a tohato leaf (as .
2 I i t ”
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. defined by [LPID to that leaf‘s ability to regenerate roots;

t

. ii) t¢ evadluafe the theory that root formation-and growth

rate of generating organ are related;

* 1ii) to physiologicdlly define, the inhibitory aspects of s

gibberellins on root regeneration with emphasis placed
upon an #ltered cafbohydréte metabolism ih the region of

the induced primordia; and

1v}.$o evaluate other plant growth regulators in terms of

.

- their ability to modi%y the gibberellin response.

4.2 Materials and Methods \

4.2.1 Preparation of Leaf Cuttings

Cuttings of true leaf pumber 3 were .obtained from -

i)
5z » B . -

tomgto plants (cv. Téithest North') at “the I..PI3 designafed

3
(as outlgned 1n Chapter 3) on the ba51s of teén to twenty

% ‘in .the indiv#dual experimen'ts .+ LPI v:alues were calculated

'y 4 LPI3 determinatiors from randomly seiected plants. In the -
c v " - "
plant growth regulator studles, each pethl base ‘was

continuous darkness at 25°C unless othérwise noted. ;—f

/ .
were used fbr each

o
-y

Approx;matély 20ht3_2u leaf cuttin
sequently flnsed in’ tapA;.

. treatment. The cuttings wege s

water andjilaced in plastié tr ys~(ﬂ6" ; 10" x 4") containing
a mlx{ure of standard greenhouse pottlng soil and 2 “1

"vermlcullte (1: l v/v) B Approxlmatély i lltres df)rootlng
.mlxture &ere prepared for each plastlc tray and’l lwtge of )

LY

? e
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tap water was used to moisten the fixture. ‘E§e~plastic trays

were'wrappéd in clear plastic bags and pIaced}in a growth

cabinet at a constant 209C with 16 hour day length:
Lighting was provided,at 800 f.c..by a bank of 4

fluorescent, tubes (Sylvanla Caol Whlte) quurteen days

3 C

after the cuttings were prepared they were removed from

the rooting medlum, cleared in 70% ethanol and the number

P -t

of roots (%nternal and external) counted. s ’

(4
[

4.2.2 Ristodhemistry

°

-

4,2,.2.1 Starch - < - .

v

Locallzaflon of starch gralns 1n fresh sectlons of
;petlole material was carrled out W1th I-KI stalnlng (Jensen,
v1962). Starkch distribution within tpe tomato leaflets was
obserbea after bodling the.ieaflef; in 95% ethano fof‘ZO

minutes, washing them 1n hot water, and floodlng the bleached

9 »

tlsises twith I-KI solutlonofor a few minutes. Thé iodfne

solution' was then rinsed off and the starch contalnlng areas
. *

observed as dark .purple colouratlons (Machlls and Torrey, f.

{
.t \
. Yy

“;956). - . - L s
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4.2.2.2 Amylase Activity

-

The enzyme was localized at the cellular lewe) using -
. - § ’ . c >
thelsubstrate film'meghod of Molnar and La Croix 1972b)

o

with slight modificétien._ Instead of fllterzng the .3%

&
v

suspensxon of soluble starch after heating, the suspenﬁ;on'

-
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was centrifuged at 6,500 x g for 15 minutes at room

o ' °

temperature prior to substrate film preparation: Control

A tissue was heat killed at 100°C for 5 minutes.

U.&.Z.Bi Phosphorylase* Activity
o This enzyme was lobalized at the cellular level' ' ~—
u51ng the starch synthe51s method of Dyar (1950, as 01ted = o

* !fn Jensen 1962), ‘with glucose 1- phosphate as the substrate

’ ‘ Controls &ncluded i) heat inactivation of the tissue and
q » > . . ‘e
ii) 1ncubétion'w1thout glucose—l-phOSphate substrate.

R 5
x'\

b.2.2.4 General Histology v , : )

- c
. * 4 @ ‘ ¢

An aqueous solutlon of .05% Toluldlne blue was used to

.
X c

obtain fresh sections in order to evaluate the morphologlcal

changes (0'Brien, Feder and McCully, 1964).

. \ c .
1Y N . " Y

J

4.2.3 Carbohydrate Analysis ' ‘ SN

-Starth and %otal soluble carbohydrate analysis ‘were

‘carried out as outlined in sections 3.2.1.% and 3.2.1.5.

4:2.4 Starch Synthe51s in. Isolated Petlole Segments

The. bases of the leaf cuttlngs were pretreated w1th
- distllled water~9r'GA at 1 x lU M for a ‘48 hour perlbd in

continuous darkness. The basal 20 mm of the petloles were

. luosubsequently sevefed and welghed out in groups of 2§0 mg

o

R i, (fresh weight) .. °They were cut 1nto'.5 aua 1.0 mm segments

v . A o . [~
i . and incubated in 0.1 M sodium acetate buffer (pH 6.1) in -




P

<

the presence or absence of glucose—l-phosphate at a final.‘

. ) ’ . . ~ - . . R . .
concentration of 30 mM. Ereliminary experiments indicated

that lower concentrations of G-I-P were «nok ~effective in

supporting starch synthesis while higher levels (i.e. 4 0

and 50 mM) did not substantially increase endogenous

N

starch levels above those ‘induced by 30 mM G-1-P. Incubation
conditions included incandescent lighting’(lOOO@f.c; light

intensity) for 2 or 3 hours with the temperature’maintained

at_3OOC by mleans of a water bath. Three samples wefe used

8

for gich treatment. At the end of the incubatidn-period

~the petiole segments were extracted with hot 80% ethanol four

times and the drled pellet subsequently analysed for starch
content.accq?dlng to the method of Dubgis et al. (1956) as

outlined in section 3.2.1.5. The results arg expressediin

ug starch per iso-millléfams fresh weight tisBue.

e

4.2.5. Total Amylase Act1v1ty ‘ - . -

| Petlole tlss%aifrom GA3 treated and untreated materlal
were homogenlzed in the presence of a small quantity of
pufified"sand.fpr 5 minutes at 0-2°C in 0.05 Mfsodium.eitrate'

buffer {pH 5.8) with 0.2% CaCl, (3 ml buffer solutidﬂ/gm_.

fresh weight tissue) ;h d cold mortar and pestle (Baun, - .

Palmiarb, Perez aﬁd Juliano, 19707, °The'ﬁombgenate was .

- stirred for 30 mlnutes in the dark and subsequently centrl-

 fuged at 30,000 x.g 4t 2-4° C for 30 mlnutes. AC1d washed

Folyclar AT (5% flnal concentratlon) was added to the result-

ing supernatant and stirred for 15 minutes in order toremove
)

J N - T . " o
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(Loomis and Battaile, 1966; Anderson, 1968), The suspehsion -

was centrifuged at 20,000 x g at 4°C for 15 minutes in a

S

phenolic compounds‘which,might cause enzymeiinﬁctivatiohT

Sorval swinging Pucket HB-u4 rétor. - The suéérnatéqt was sub-
sequently assayed for total amylase activity using‘either‘thé
gel diffusion.method of %;iggs (1962);pr thefspectrdphotg_
metric'procedupe ofSchuster and Gifford (1962). The gell
diffusion method was modif;ed slighti&. Instead of impregna-
ting A mm filter paper ‘disgs with the plant extfact, 8 mm
circles were 1ightly_ma€ked>on'thg surface of the agar/starch '
blates ysing a stéiniess steel ;ork-b;rer.‘ The enzyme pre—.' a '
paratldhs were subsequen{ly placed in .02, Ou.ﬁl of .06 ml

amounts»w1th1n’these circles and incubation of the plates

carried out’ at 40° C for 3 days. The plates,were stalned'with

~I-KI solytion for 10 mlnutes and the average dlameters of the

”glear areas noted. A preliminary eyperiment w1th a commer-

cial amylase  (Sigma Co., St. Louis, Mo.) indicated a linear

©

relationsh}p between the diémg%er of the clear anes'anﬁfthe

log. conce tration of amylase in accordance with the results

PO 4

of Briggs (1962). The spectrophotometric assay of Schuster

and Giffdrd (1962) was modified slightly by the use of 195 ml
1od1ne solutlon and 4. B 1nstead of 5.0 ml water due to the

presence of 1od1ne-reduc1ng substances in the extract

(Juliano and Varner, 1969)« -Duplicate samples were evalué-

ted from each treatmeﬁt. The assay gave reproduc1b1e values

“'whlch were proportlonal to enzyme concentratlon. Spe01f1c

act1VIty 1& ‘defined as the change in absorbamce at 620 nm

/
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per milligram of prétrein in’'15 minutes aw# 37°Cc. Total . :
v . M ' LS i
p?qtein determinations for the enzyme analyses were carried
. ) :

;‘ out using the filter paper disc-xylene Brilliant Cyanin G

o method of Bramhall, Noack, Wu and Loewenberg (1969). Bovine

serum albumin (Type IV, Sigma) was used as a reference
+ ™ . ’ .

standard after an abpropriate correction for water content

4

(Rutter, 1967). - . .

-
i

~

4.2.6 Determination of Membrane Permeability Changes

Usihgfthg method of Lee and Wilkinson (1973), four -
L . e ’ . :

hundred milligrams (fresh weight) of tomato peticole tissue

s 7 were cut ¥hto 2 mm segments and waéhed‘thorqughly in dis-

tilled water. for 5 minutes. The sections were placed in a

‘?5'm1 Erlenmeyer flask c¢ontaining 3 ml of citrate buffer

(S‘mM, pH 5.2) and GA3 at various concentrq;ions.' Two

sample flasks wéreqf%epéred for each treatment. :The flasks

-

‘were fhcubated at room temperature (ca. 25°CHY for 1 hour
- - -

on a rotary shaker (approx. 60 fevolg;ions per minute).
§ ) . : .o
The tissue was then removed, thoroughly rinsed in distilled
. . ‘

‘water, blotted on filter paper, and transferred to 5 ml of

» /7 .
distilled deionized water for a.fqr¢her 30 minute shaking.

The tissue was removed and the amount of ihtfacellular
- t

L4

materials relééséd into the water was estimated by measur-

ing the absorbance at 240, 260, and 280 nm, The ‘difference L

~4dn leakage of cell contents between #xhe treated and éonfrﬁl

tisaues was used as’a‘he%surb of change in membprane "o

permeability. - / . | | . i




u 3 -1 Leaf P051t1Qn

4.3.2 LPI

QCZ.Z ‘Photégraphy " o ; T - A ey

«-,(_ . ’ - * R
A

1‘ Black and whlte photography of fresh leaf>sect;ons was

cartzed sut as described in seection 3.2.3. )
o ) . ’ : . "\A .
o N * -
s : M L] “

a

£

‘4.2.8 Statlstlcal Analysis

a

Standard error, regre551on and corre;atlon analyses
>

were performed accqrdlng to Woolf (1969) The count data

was transformed by the square root transformatlon and sub-
sequently analysed by.the Student-Newman-Kreul Multiple

Range Test (S®kal and Rolf, 1968; Woolf, 1968).

P . . , L N
4.3 Results : '

y
An examlnatlon of the rootlng potentlal of the dlfferent

fomato leaves along the shoot axis of -differently aged groups

of plants revealed a progre551ve 1ncrease in regenerative

hd [

capaci'ty followed by a decline (Flg 4.1). ‘This data

«

suggested that the. capacity for root regeneratlon var;ed

(a) with the pos1tlon of the. leaf and {b) with the age of

the’shqpt.frqm which the leaf was taken.

"When the regeneratidn .responses of the various leaves

PR

were plotted in terms of the" developmental index, LPI, a

~consistent trend was observed (Flg; &, 2) A stmllar response

curve was obtaiped for leaf ndmher“B (Flgh B,3): In'dll of,.

T
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» °

Effect of shoot age and leaf position on root

regeneration capacity from.tomato leaf cuttings.

v

Black bars, leaves from 4 week old toqﬁto shoots.

Hatched bars, leaves from 6 week dld'tqmatO'shoots.
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Figure b.2.

tpiangle; leaf 4, open square; leaf 5,
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Figure 4.3,
;
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o ' [
‘Root régeneration of tomato leaf no. 3-as a
14

function of its developmental age. The dashed

line is, drawn to emphasize the’ general trend

only.
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. "~ curjyes (Flg =u u).‘ However, opt:mal regeneratlon capa01fy

23

Pi | B <o ..
186

the above experlments, the euttlngs were rooted dlrectlf in.

o

o

©

the vermlcullte/pottlng SOll mixture for the 1u day perlod e

- " - .
1
i
o) . .

4.3.3 Auxins : , e

“a - R 7 3 . -
- - «

4,3.3.1 leferent AUXlns A Comparison \
& : ‘ ) '
. . ‘When different auxins were evaluated for their a?.llty
s -

sto stimulate regeneration in mature tomato leaves, a rootlng
w-tl“- [N
response (in decllnlng order of effectlveness) was observed -

N as follows: IBA>NAA>IAA> dlstllled water (Table 4.1).

-
= °

_n

R 2,4-D proved tox1c at .the concentratran tested (i.e. 1l:x 10 ).
ANo elgnlflcanr stimuIatlon of rootlng d;e.observedcw1th this
" growth regulator«oVer the " concentratlon range ef 10 -9 M td ‘
— 10 -5 u'(Table 4.2). . "'-'[-,3 S o
e . 4 “ .2 ° -
. w.3.3.2 1M\ °. ,
c j-Id }erms } root regeneratldn, ;omato legf cwttlngs g

wer! sensxtlve to IAA concentrat;ons above 1 x 10" =5 M ..

K3 £ - o

(Table 4.3). Plottlng the~LP13 agalnst pootlng for TAA

-treated and uptreated leaf cuttlngs reveaIed typical requnse_

(=]

wgs. shifted from approx1m§tely LPI3 = 2.5 - 3.0 to LPI3 = L.

0 - u 0 in the presence of hlég exogenous IAA levels.

<~Petloleoand rachls pdus terﬁznal leaflet»gpowth were’”-

. 51gn1flcaht1y correlated with pegeneration responsee IAA
0 ol ? o :
did not. alter this situatlon (Table 4. u) o _ s
0 , - . -
© &£ ; ~ ! < z -] 0 ' " . o .
‘ ° i Vg to ’% ’ )
- . > z - s * ” »
. . . ) ,
. - / - ° . ~ EAN




Table 4.1. EffeNys of different auxins on”root regeneration - e

. . ° . | @F . + ) Y . - X .
'T\) fronf mature 1Eaveés. ° S, "

¢ -.“ ' 3 . ‘. ;' C - . .

. 5
- \ — — 8
Jreatment* Mean number roots per cutting S
- l\' . . . \ .

, Distilled water control : 6.8 a, ” a

‘TAA

. 4 - ® B .
& O . " B - a
: . IBA . 289 a . .
LI ¢ ’ . o N
. .t ¢ )
2,4-D e - , - -
) R .
s © -
- e ¥ . ' ‘ ‘ ‘o
g 3 . . . ‘ ;
B - T : 7 v . K

. . . . ° . i - . e
*Auxins supplied to petieles at concentrations of 1 x lpfu"M.

~

-2,4-D tréated petioles were nécﬁbxic. , L o - oo

o I . 4 - ¢

=

- - ¢ T N '; 13 . )

. 5 Means followed by the same letter in a column not different oo
. L e ’ . ’ - i ’
, . at, 5% level. Coe A . oo

: MeanALP;3 M08 e ’ - . .. . §
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u.zﬁf”?,u;n concentration effects on‘rogi regeneratidn,-- .

Table
PR . ~ o

. .

Treatment . Mean,numﬁeq rdqys per cutting

<

T

Distilled water cdhtgo‘
9

S

2,4-D (1 x 1677 M) ¢

8

o ;(.1 X, 10- ;,?M);

w1 w107 M)
AL x 187 M
"1 x 1070 M.

s o e ; CRIE ]
‘Means followed by the samé letter.in a column not different

- - “ ”

@

&t 5% level.

- Mean'LPI, = 3.1

.




TaRle 'u4.3. ‘IAA® concenttation effects on root’ regenerdtion.

a

)
A -

, Treatment: o _ Mean number- roots per cutting

o P

| Uigtilled water contrbi

Iaa (1ox 1078 M)

‘ '\(1 x‘°1[{'7 M').
v @ 6

X 107" M)

©

1% 107° M)

°

"1 x 1023 My

@ - .
P E}
\ . .

4] > N

.

k4

T T e T s Y .
Means followed by the sdme letter in a column hot different

. 3

“at- 5% %gvél. ’
© L Meap LPia'
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Figuwe 4.4. Effect of TAA on root regeneration of tamato
W B i : w -
" leaf no. 3 as a function - of its developmental,- ;
’ age. The dashed lines are drawn to emphasiac
' géneral trends only. . Distilled water control,

closed circles; 5 x 10 > M IAA, dpen circles,
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Table 4.4. Effects ﬁf IAA on the grbwfh/régeneration

correlation coefficient.

/

~

L

Comparison

.
S

. Treatment
A
. o 8

Correlation

coefficient(r)

@

Petiole growth'
' vs

Rooting response

. Rachis/terminal

leaflet growth
Vs :

Rooting response

IAA (1 x 194

¢ .

N

IAA (1 x 107 M)

distilled water

* M)

L 3

distilled water

’

k%

*%k

significant at‘1% level

,
L5

sign@ficant at. the .1% level

EJ
™.




4.3.3.3 IBA
Regeneration was significantly stimulated by IBA
concentration above 1 x‘lO'~6 M (Table 4.5), - §imilar

roo,ting—LPI3 response cu;3§s were obtained with IBA as

-4
%
b
‘N,

were found with IAA (Fig. 4.5).

- - - ' .

'u 3.4 ‘Abscisic.Acid

ABA had no significant effect on root regeneratlon over
ehe concentration range of 10 -8 M to 10 -4 M (TgPle 4.6).
Sllght variations were observed between regenerating leaves
treated with ABA (1 x 107 M) over the LPI, range of ~0.5
tor+7:5 and distilled"wétef controls (Fig. 4.6). In the
preseﬁce of IAA or IBA, ABA had no significant efféct on . E
regenération (Table 4.7). ' - , o ;

; ) . | .

 4.3.5 Kinetin

Feéioiar application of kinetin solutiohe-for,a‘ue
'Hoﬁr period caused’a brogressive‘and significant decrease

RS

in-regeneration over the concentration range of approximately

: . . L. . . ' ’
lO'E’M to 10’” M. Lower concentrations of kinetin (i. e. -
-8 7 M) had no significant effect (Table 4.8). I

10 16" 10
‘IAA or IBA were unable to completely reverse the kinetin

inhibition’(Table w.a). .
. - e, e : . A

- 7o oL ' ‘-v ./
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Table 4.5. IBA concentration efgects on ropt regéneratiog.
Treatment " Mean number roots per cutt‘#%
s . ’ S
Distilled water control = ' i6.0 a
— ' - ’
IBA, 1 x 10°° M o, ‘ 19.0 a,b .
IBA, 1 x 107/ M N 21.2  a,b .
IBA, 1 x 107° M ~ 21.5 b :
\t 5 M v’ N i "
IBA, 1 x 100" M - f - 44,8 ¢ .- .. ’
IBA,. 1 x 107" M 82.7 ¢

‘Means followed by the same letter in a column not different

3

at 5% level.

Mean LPI, = 3.7
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( © Figure'4.5. Effects of IBK on root regeneration at different
- . . . ’ ‘ - .
morphological ages. Lines drawn for general- '
. . ' ) o
trend only. Distilled water contrel, closed
circles; 1 x IOT§/M_IBA, open, circles. -
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- Table 4.6. ABA concentration effects on root#regeﬁerationi

’

Treatment

(-

o

N

Mean number roots per cutting

Distilled water contrsl

ABA (1 x 10~

"
"

"

Il

(1 x 10~
(1.x-1o’

tl x 10~

3

t
4

8 1

6 )y

5'M)
" My

»

o

2.7 a

12.3 a

11.5 a

léug a T
.10.6 . a ‘

b
~y

»

. - : © ’ . - - ) - R '
Means followed by the same letter in & column not different

at’ 5% level.’

Mean LP13

= 3,4

°

L

-~

+




Figure 4.6.
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Effects of ABA on root regeneration at

different morphological ag

general trends only. Distilled water control,
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. Tablai4.7.

. oy

<

<

k)

o

ABA effécts on duxin induced rooting. -

é
qu ment RN _Mean number® roots pér~cutting
_ b . ]
. \ 2z
;Djstiiled water control 16.3 a -
IAA (5 x 107° M) 23.3 b
- - hd ~ - e
IBA (5 x 1078 M), 23.0 b
Ea (5 % 1078 w0 o, . 1737 a _
o . 3 N ) ‘
. ABA + TAA . © 18. L4 a,b
ABA + IBA = . T.T725.7 - b
0’ .. o

x

at 5% level!
Mgan'Lpié =.3.1 .
.D ; )
- hd
. | a
. a
.
a o « - L 3

o
o ©
P .
c
°
[l
-
..
Q « e
.
v
.

4

2

o

.09

v

<

Mzans_follbwed by the same letter in a columfd not different
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Table 4,8, Kinetin concentration gffect% on root ) ‘ .

Y ‘ - 2 . c -
pegeneration., o : I . o
; ¢ - c PR i ).
¢ - : k
. TreatMent - Mean number roots per cutting . ¥
. ’ o )
e : _ -

Distilled water control "12.5 &,k

Kn (1 x°107% m) SR T B -

_— Kn (1x 07/ My . - . - 107 b o e

Kn'(Lx10&my- ¢ e . Tga1c e

* T m@x1070 W R ‘2.0 a -
oxntlx 107 M S Y R D . .
Means followed by the same-létter in a column not diffgreﬁt L ..

o at 5% level. . ‘ o o S .

. Mean .LPI. = 3.0 " : B
# . 3 . o . - v

.

A<]
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Table 4.9.. Kinetin inhibition of auxin-indyced rooting.
. . . \
Treatment - Coar Mean .number rosts per cutting. . .
- ' o g . o
Distilled water control . 11.2 a .
Kn (1 x.107% M - . 3i9 b : ,.
IAA (5 x 107° My o+ % PS U0 S S
IBP(5 x 1077 M) '“ 36.8 .4
Kn' + TAA ' : - 7.8 b
Kn.+ 1B o " T11.9 -
° A ’ ‘. o - N {%ﬁ~ 1 R Q ’ )
,Meahs.folloqed by the -same_letter .in a column not different °~ -
at 5% level, - T . - IR

Mean LPI, =-3.9 . - ' . 0




"4.3.6 Gibberellins - - - I

& , ’ N
> ‘ -

4.3.6.1 Inhlblt;on of Regeneratlon and its Reversal

GA3 inhibited root regeneration over the concentratlon

range of .10~ -8 M to 10"% M (Table u.10). Howeveﬁ, complete

inhibition of root regdneration&Was'not possible regardless
~ of the LPI, (Fig. 4.7). While blade growth rate was une
s affected by GA treatment, petiole growth was 51gn1f1cant1y

&

altered (Table u4.,11) As 1nd1cated :by the regre851on
. o

s

coefficients, 31gn1f1cant1y more petuole‘growth occurred in

x

the GA treat\d tlssues for each new root formed than in the

- control materlal Very llttle petlole growth took place - ;

3

pPlOP to and durlng root initiation and GA treatment dldc‘ L

not signlflcantly change this 31tuatlon (Table 4 ﬁ?) T

Treatment w1th GA3 1nvar1ab1y (a) delayed the fOrmatlon

of the root-prlmordla and Cb) reduced the total ‘number. of *
roots formed after 14 days (Table 4 13) However, the

tendency for root formatlop to occur at the base of.the -/ .
x . 2

cuttings . (i.e within the basal 10 mm) was not altered
Treatments of GA fat 1 x 10 M concentratlon) as short

as 5 mlnutes durat}on were effectlve in s:gnlflcantly.

.

1nh1b1t1ng regeneratlon (Table Y,14) . Thlrty minute pulses

of GA3 at d;fferent tlme perlods durlng the - ﬁegeneratlon . .

experlment revealed that-the greatest senslt1y1t9 to GA3

was durlng the lnltlal 96 hpur perlod immedlamely follow1ng

leaf . exc1slon, i, e¢ pﬁior to and durlng the prlmordla : >

formatlon phase (Table 4. 15) T 0

‘o
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Table 4.10. GA. concentration effects on root regeneration:

T P03 :
[ . /c . °
" Treatment : Mean number roots per cutting
’ . ' . ° " ' ) -~
- - Distilled water control- 7. .. B.B a
- . . = ..

e, (1 x 1072 S 0.6 b
| 6A, (1. 107°
B VA CHPE T S SR ST

ca, Ax 1w L 1.0 ‘t}t | _

/._./ . . ” — - - . ]
Means followed by the same létter.'in a.column nofﬂdiffébént.

M) h , 1.2 b SRR v

. _ 4t 5% ‘level.

»_ Mean LPI, = 4.3 ' ' : ' -

3
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Figure 4.7. 5Effeéts.of GAé on root regenerétion at different
» ~ . s . e , . .
. } ] : - -
- *  moyphological ages. .Lines drawn for general
. : »

. Py P e T,
. trends only. .Distilled water centrol, closed

équaresg 1 x Yot M GAy, open squaires. -

. ’
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:Table 4.12. Effect of GA3 on petiole length prior to and

during root regeneratipn.

7

Time Mean petiole length (mm) % 95% confidence intervals

(days) ‘ -
_L ‘ .

28.4
b 27.2 ., 28.7

s .o27.17 % .7 28.8 ¥ .7




7

Table 4.13. Time course of GA3’(1 x 107"

M) inhibition o

rooting in tomato leaf cuttings.

Mean number of roots per cutting

~CAg

. 0.0
4
3.5
8.3
12.2

Mean LPI3 =




-
v

- .
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Table 4.14, Duration of GA3 treatmenit on root regeneration.

Treatment duration

Mean number of roots per cutting

‘Disfilled water controle - 15.% a
5 minutes, GA3,°1 x 10" "M | 3.1 b
30 minutes . - . 5.3 . b
1 hour o 3.0 b
24 hours 2.3 b
48 hours 1.7 b

-

Meéns followed by the same letter in a. ¢olumn not different

"at 5% level. g
. , .
Mean LP13'= 2.9
A
R ’ ] m /4



Table 4.15. Timing of GA, (1 x 107"
i o

pulse) on subsequent rooting 'in tomato leaf

M) treatment (30 min. v

cuttings.

Time ,0f 30 minute !
GA, pulde . Mean number of roqté per cutting . .
‘ Control - .-ll.f a
0 hr. ' , 1.8 oy
. 1 hr. - ' 'i 1.7. ¢ ’
24 hr. & o -2.1 c ’
48, hr. - 4.3, b ‘
72 hr. 5.8 b
96 hr." s 5.9 b .
Tub he. | o 100 2 ‘ o
192 hr. - : 12.3 , a . : . s

4

s

Means follq%ed by the same letter in a column not different

~at 5% level. ‘

Mean LPI, = 3.5 : . ¢
.‘ r ’

B . - . 5

ey
b S
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" . . .
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Attempts were made to dlter the endogenous gibberellin
status during root éegeneration through tﬁe uee of inhibi-
tors of the gibeerellinsﬁiosynthetic pathway. Phosphon D
progreesively inhibited regeﬁe;afion,oveﬁ the concentration

" range of‘IO—BVM to, IO—F'M (Table 4.16), This inhibition was

I

not auxin reversible (Table 4.17), Both CCC and AMO-1618 at
‘high coacentretiens caused slighf_stimuldtion of root regen- - -
’ gv eration (Tablesuudl8 and ﬁ.lg); . This effect w;s not altered.
by the age of the leaf material.
y : BotﬂMIAA and IBA were capable™of rever51ng GA inhibi-
tien of root formation regardless of whether the auxiﬂ
application was prior.to, during or after GA3 treatment
(Table 4.20, 4.21 andl 4.22)." '

ABA was/also capable dfT;eversing GA, 1nh1b1tlon pro-
vided that ABA was applled at a hlgh concentratlon prlor to
or during the GAé treatment (Tables 4. 23 and 4. 24) No'
reversal wes possible when ABA;treatment followed‘é_}A3 ‘
application.' GA7 inhibition of regeneretionwwas afso,
reversed .by simuitaneous ABA treatment (Table 4.25).

* Kinetin at 1 x-lO_8 M.did not reverse GA

, inhibition -
regardless .of time of ap;lication (Table 4,26) and .did
- - -not signj icently affect the ABA re)ersal (Table u 27).
o GA3 lnhlbltlon was not SLgnlflcantly affected by
:exp081n5 the 1eaf cuttlngs to‘continuous low 1nten51ty
. fluorescent llghtlng (250 f,c.) durlng the 48 hour treat-

ment perlod. However, leaf cuttings failed to regenerate

if left in total darkness for the 14-dayAper1od. If hfg_: 3




Table 4.16. Phosphon D concentration effects on root

- [
(ﬁ regeneration.

. v

in tomato leaf cuttings.-

LN

Treatment

3

Mean number root@'ber:chtting"

o

Distilled wafer_control

a4

Phosphon ™D (1 x 107° §y .-

&

Phosphon D (5 % 10 ~ M)

-

Phosphon D (1 x 10™° M)

¥

20.4

14.0

3.1

1f£? 0.9.

o= .
e .

-~

L

Means followed by the sdme letiér in a cdlumnihbt different

at 5% level.-

Meah LPI; = 3.3

-

- .
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" Table 4.17. Nén-reyeféﬁbilify of phosphon D ihhibiticq

by -auxins.

2 ..

1Y n g
" .
I

P . T
Treatment -+ : iMean number roots per cutiing

S

Distilled water control . 13,4 ‘e

Phosefon (5 x1107™8 ) . . 2.9, a‘
TAA (5 x 1070 M) . a 194 - a -
CIBA {1 x 107° M) |

Phosphon,+ TAA : - 3.2 a-
‘ A . . ‘ ¢ " . . ) . s
Phosphon + IBA = - ‘ . 4.1 B

) . C R - : .
, ‘Means followed by the same_le?tér in .a column not different

at 5% level. . o : |
Mean LPI, = 3{3. NI .
‘9 -
‘ R F o ¢ . A
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'*Tab;g3u¢18; :CCé.concehtration'qffgcts on. root regeneration. .
' ' in tomatd leaf cuttings. L , .

. - . - . _ . . ’ ' . -
Treatment . o Mean number ro%;; per-cuttfﬁg
v Lo . 7 N

N .

<

Distilled water contro] - ~ 18.3 a
- e . S
cce (s x 3G oMy - 176 a L.

x0Tt - 2002 a,p . E

w7 s e

M) . 7 23,8 g4 B,e . T e

& (5 g-iﬂ—

" (1 x 10“3

- ) - k]
IR . A ) o , S .
. . o .
- . -
rs * " - * ta N * . .~ . Y

column‘hor different- . -

Means followed by the*same letter in a

- . - . Y

- . - . . .

at 5% 1eve1é '(= e e e : . - .
‘.Me'an'LP.I3 = 3.3




\ a
. \
AY .
[N .
N 216
\’\. - - o q‘\
Table 4.19. - AMO—lBl;choncentra‘cion effects orn root
’ regéneration in tomator Teaf cuttings.
- ° Q ‘. o
T "Treatment .Mean number roots per cutting
Distidlled water control i 13.3 b - .
- - : . LIS oo .. IS . ,
AMO (5 x 107% ) S 15.3  bje ‘ A
B t # . F ]
o x 1070 My . 17.0  b,c
. SRR < . . . -
oo (5._);10. . M)/ . | - 16.5 b,c
(1 % 1077 M) . - 17.6 c
oG x0Tt W T . "9.3 a
".-‘: " ‘ ’
4 ' L .- . i .
1 o - c= ) .
" ‘Means followed by the same le,,‘t‘liy"'in_a colu;nn not different
" at 5% level. ' ’ ‘ :
’ - ~ - < A ;-‘“‘A“
Mean -LPI "= 2.9 T
~ N \
é:' .-) . 1 .
. ) ) U
"~ - 2 " 4 )
. ° <7 v . .
0 | ~ ’ .
s - N . -
- ‘v -
[ ) ' ‘ ’ ' -
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. Table 4.20. " Reversal of GA, inhibition of root regeneration . .
‘ ' : 2

’ - . in tomato leaf cuttings by simultaneous i IR

o

[

auxin treéatment. i ..

b fr;atment; iu - ”"i Meananumber—rooté pe; cutting';
. — : : i : 3
l_\ | - ‘Distilled water-control . . = 6.0 : a N - g
‘ e, ax 107y o, 0.2 b ;
IAA (1 x 107V M) - 27,0 | e lé
E Comaaxwtw 2205 de ;
T A+ IAA ' 16.7 o
GA, + TBA h - 191 e,d .
-t _ | o O ) | N
] Means fqllowed-by.the'same letter in a coluhn'nét different\ .
atlé% lev;i. ’ BT : -
R o - L _ , :
' ﬁean:LP13’= 3.5 R | L »
\ N o N '
. ' - - : ;
] s , " - . :
. . SR ]
| . ‘li, c ’ o - 1
{ .
. . | . )




Table 4.21. Timing of IAA treatment on GA3 inhibltioq“of

root regéneration.in tomato leaf suttings.

Treatment SR Mean number roots per cptjing' ]
0 - 24 hr. 24 - 48 hr.
CHpO Ho 10.9 ¢
A, (1 x 107° M) H,0 T 2.3 a
IAA (5 x 107° M) H3Q Lo 221 a
H,0 “TAA o 4.6 ¢
’ ° . . 0 : . .'
GA, . IAA ) - 7.9 b
TAA GA; . o 13,9 e
S aa o ‘ . o LY
. u' / —4
Means followed by the same lefter in a column not -different
. ' - ’
at 5% level.
. /’\g .'
Mean-LP13 = 3.5
‘ - .
&A ‘ ‘
’ v
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Table 4.22. " Timing of IBA treatment on GA, inhibition of
’ root regeneration. in tomato leaf cuttings.
. e , ,
L C Treatment/) .- . ' Mé§n~numben rpot’'s per cutting
0 - 24 hr. 24 - 48 hp. . )/ffk\ ’ e
- . P : ' : . . .

HO o H0 32 a
Ay (1 x107% ) HO . 4.5 b
IBA (5 x 107° M) H;0

23.0 ¢
H)O IBA R TP

IBA . - . GA R Y

Ce . . . . - -
1 . . . .

. .

N

Means‘fol}owed by the'same léptgr in a coldﬁn nof different g T

" at 5% level. = .- LR . oo a o .' .

‘- .' . . - ‘ . ‘~ : . - ’ . - .- i ’
-Mean Lk33,= 2.7 . e T .7 ' - ’

v . . 7 *
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-
Table 4.23. Re&érsal_of GA, inhibi{ion by simultaneoué
; ‘ 'ABA‘treétment. :
\ { |
R ' . )
- Treatment Mean number rootg per cutting
, | _
H,0 | 12,8 a ‘_ | |
“ L GA, (1x 1870 m T 1.5 b ' |
ABA (1 x 1078 My 0.8  a «
. ABA (1 x 107 M) 11.3 ° a o
| . GAy.+ ARE-(1 x 1078 M) 5.3 ' ¢
g GA, + ABA (¥ x 107" M) 2.6 ; |
- ‘ B , ,

Means/follcwed.by‘the same letter in a column not ‘different .

at 5% level.

Meah’LPIé'= 3.1




‘221

> . ’ ) e
Table 4.24. Timing of -ABA treatment on GA, inhibition of

root regeneration.in tomato leaf cuttings.

r . o .

' Mean” number of roots per

-

Treatment ’ ~ cutting ' , .

v

. L4
'0 - 24 hr. 24 - u8. hr.

)

Hy0, H, 0" _ 0 a .
A (1 % 1079 M)y H.0 - . 5.2 c

3. . 2. S o N
ABA (1 x 107% M) H,O oo ©12.3  a,b
H,0 : ABA . 15,5 . a _
' GA, ‘' ABA - 3.5’ e
ABA . GA, : . 9.y b

#

Means followed,bj the_éame letter in a column not different

4
4

at 5% level.

* B . . °

Mean LPI, =-3.5 - ‘ C T . l\

-2e

/\VI
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Table 4.25. Reversal of GA, inhibition of root regeneration

/

in tomato leaf cuttings by simultaneous ABA

/ o

/// treatment.

7

:“ Treétment’ . Meanfnﬁmber roots per cutting
Y "v . .
- En .
HZO._ 9'.1‘ a !
GA, (1.x 107° 1) _ S0 b
eA, (1x107°0) T als b .
| GA, + ABA (1 x 107% 1) - s a o .
ABA (1 x 107" M) . - 9.3 a .
) : S N , s ‘ o
. Means followed by the same letteflin a column not different
at 5% level. | ‘
‘Meah LPI, = 3.8 -
- \ / f u’




v .~ B ’.
- Table ¥.26. Timing of klnetin treatment on GA, inhibitibon

of Poot regeneration.im tomato leaf cuttingss

~—

4

- Treatment \Mean number roots per cutting .

=

-

0 - 24 hr. . 24 - .48 hf:

- .

o ..  nd 1258 a
H, 3 2 : , .

GA, (1 x 1075 My H,0 ‘ 6.0 b
kn (1 x 1078 M) H,0 . - 14.6 a

H0. Kn SR . 15,0 a

s GA, Kn b2 -
Xn :  GAg - 8.7, d

4 » . - L}

Means followed by the same letter in a column not different

©

-at 5% ievel.

Mean LPI3 = 2.7 ‘ . . —_— .
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Table u.27; Effect of kinetin/ABA trgatmenf'on’GA3

inhibition of root regeneration.

©

- Treatment Mean number roots per cutting

0 - 24 hr. . 24 ~ 48 hr. *

Hy8 - : Hy0oo 13.4% . -a,b

HyO - GA, (1 x 10
ABA (1 x 107" M) ea, o 1.5 b ...
Kn (1% 167° M) ea, 7.8 e U

1150 b

M) 5.3 e L

ABA + Kn . GA3

ABA + Kn . H,0 15.8 a

. -

.t~

Means followed by the same letter im a column not different

at.S%{level.
‘Mean LPI, < 3.9 L S L

x




concentrations (i.e. 4% to 8%)‘of sucrose were applied to »
‘the pefioles for the initial 48 hours, rootAregeneration took
place at low but consistenf.ieQels.' This stimulation of

- rooEing }p the dark by -exogenous sucgose %policatiooKWag

inhibited by simultaneous GA, ePplication (Table 4.28).

4.3.6.2 Biochemical and ‘Histochemical Changes Associated

with ’GA3 Inhibition

"Having established a definite inhibition of root

regeneration by GA3,

that tﬁis inhibition might be related to an altered carbo-

I decided to explore the possibility

hydraée metabogism (see section 2.4 for the reasons‘behind
this decision). ".An examination of total soluble sugar

content within the GA3
during regenefatlon revealed no elgnlflcant changes

treeted and untreated leaf cuttings

(Fig. 4.8A). However, starch levels failed to increase

appreciably in the GA treeted material when the cuttings

3.
were placed ‘in a 16 hour photoperiod of high light intensity
(Fig 4,.8B). A'closer examinafion of the starch levels

revealed that the 1nab111ty to accumulate starch was

3

observed 1n1t1a11y in the petlole during the 48-96 hour
period (Fig. 4.98). Later, (i.e.Aduring day 6 to 10),

‘ decreased starch levels were also obServed in the GA3
. treated l€af: bladeé (Fig. u. 9A3

(’»
Although total.soluble sugars dlsplayed no pronounced
dlfferences between the tveated and untreated leaf cutt;ngs,

a closer examlnation of thezr dietrlbutlon demonstrated
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' 3 - ' a S
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Table 4.28. - Effect of GA
L] . .

o

-

3 on sucrose stimulation of root

R . \‘,ﬁtu'. -
regeneration in tomato.leaf cuttings maintained

»
[

in continuous darkness,

[ d
r
Treatment . . ' s Mean number pooté per cutting
o ’
o s V4 Y
4% sucrose ' : ' 3.5 a
~ , i _u 9
R 4% sucrose + GA, (1 x 10 M) 0.1 ' b
‘ 6% sucrose . 2.9 a
5% - sucrose 0.4 b
8% sucrose 3.6 a
" w : .
8% sucrose +\GA \ : o.u b
. R .
) Means followed Yy the same letter in a‘column not different
at 5% level.. ' .
Mean-LPI3 =
‘A .
. I J
’“v. r
. v
y‘\
. - a .




Figure 4.8jA.
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Total soluple carbohydrate changes in tomato .

leaf cuttings during roof,regenération in the

-

preéenge'ér absence.dT‘GAa. After a 48 hour:

treatment period in_continuous darkness, the

.period'(abrow); Vertical lines:; S.E.

Starch 3hangés in tomato leag cuttings during

root regeneration in the presence or absence

of GAS' . -
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Figure u.9;A; Starch cﬁangesoih tomato leaf bladés p )
during root regenerationsin the presence )
‘or absence‘ofVGA3. Vertical lines.? S.E. 4. C ]

'.‘B.z\Sfanch changes in tomato leaf petioles ’ /
. T N . ’ o L. g
during root regeneration ih the presence

or absence of GABf

o

5
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con51stent varlatlons in the petlole and blade levels

. (Fig. 4.10B and 4. lUA) after 2 days and 4 days respectlvely

A hlstochemlcal examlnatlon of the petxole bases
substantiated the quantltatlve.observatlons of .a failure
to accamulate starch by the GA3 treated material in the

chlproplests of vaseular parenchyma and adjoining cortical

E o © e . : ’ : ' N4
tissue prior to’ and during primordia formation. However,
N ] R -

vasguiar cambial activity and phloem fiber ("pericyclic‘
fibers") devalopment were apparent by day six 52~99$h the

treated and untreated petioles (Plate N 1;1.t6 6). StaPph

» LR

dlstrlbutlon within the blade tissue of the treated.and'un—

v
v ’-

treated. cuttlngs was :similar; mest of the starch was

e )

. accumulated 1n the cortical papenchyma of. the basal regions

of the mid-rib. and secondary veins. Y

When the leaf cuttings-were treated'for 48 hours in

- the dark with dlstllled water or GA3, followed by aneadditlonal

carried. out ualng auccesaeve 5 mm petiole aegments frq@

96 hours 1n contlnuous darkneas, thg petlolar starch content

in the treated and untreated materlal showed similar starch

'breakdown petterns (Table 4, 29) °,

N .
In view of the. polar nature of” the regeneration

* .

responee, an analysms ofastaxch econtent qlstrlbution was -

GA3 treated and untreated leaf cuttings.: The nesults

=

- (Fig. . llA and B LR 12A and B) indicated that GAa treatment

merkedly affected starch dietrihutioh-within the baaal

-

regions of the regenepating pctiole tilaue In the bnsal

:. 20 mm region. where tho roota will devolop, the’ dnta

13 - &

- o . »




A ) .
Figure 4,10;A Total soluble carbohydrate changes in
tomato leaf blades during root regeneration

in the presence or absence of GAé.'

Vertical lines ¥ S.E.

'B. Total soluble carbohydrate changes in o
: . N - ‘ -
s tomato leaf petioles dufing root regeneration
- . ‘ “ L | 98
‘ S | . in.the presence or absence of. G 3"
’ - “
- ‘ .
N . ‘ ) . /
’ L {

» £
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Plate 4.1. 1. Cross sectional view Sf a mature tomato

petiole showing a portion of the.vascular .

-

strand. V, vessel elememt; LP, external

<

ﬁhléem; CP,. cortical parénchyma: (x-QOO)
2, IKI staining of starch grains within plastids

occurring in tfé starch shéatﬁ cells. (x 480)
3. Cross sectional view of a baéai petiole

4 region treated for two days in distilled

~ . A

water and subsgqagntlyvstained for starch *

with IKI. Note the numerous large starch

»

' grains within the starch sheath as well as
: v . . . ' ’
the smaller gr?ins forming within.tlte vascu-

. u . \ N N N : .
lar and cprtical parenchyma. (x 100) ‘»

M ' ' 4. ‘Similar to 3, except petioles were treated.
' for 2-days with GA and(subéequently‘staﬁned

[2

3
for starch with IKI, Note the paucity of

[ ! 1 starch grains within the.stéfchgsheath.
- (% 3130) - : L ' \ )
' ' 5. "Day 6. QCoﬁtrol petiole tissue stained for"

. - . . s &
K4 ’ ‘ . - starch. Prolific starch production and an

. active.vascular wcambium, are evident. '(x .100)

6. Day 6. GA, treated petiole tissue stained - -

3
. for starech. An active vascular cambium-and _. ;

-

PN

oo lack of starch are:eviden;w'(x 100)-

R T
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Table U4.29. Starch lewels in GA, “eated and untreatéd

petioles after 6 days in continuous darkness,.

. . 3 ©

¥

Time

(days) Starch content (ug starch/mg dry wt tissue)wt S.E.

- ]

[}
5 My

- . —-GA3 ' <+G/‘\-3~ (1 x 10




* Eigure U4.11;A. Starch changgs‘in“petiole segmen{s (0 - 5 mm

co region measured from the basal petiole end)
treated with 1 x lo_u-M GA3 (o -"=. = 0) or
distilled water (@ — @ ). After a 48 hour

treatment period in continuous darkness, the

cuttings_were tfansferred to a 16 hour photo-

-

.
o

< e period (aryow). Vertical lines % S.E.

B.* Starch chéﬁges.in basal pe%iolelsegmenté
Ao R .

. (5 - 10 mm region). v

R e o
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Figure 4.12;A. Starch changes in petiole segments (10 - 15 mm

)

region measured from the basal petiole end)

t M GA3 (o0 ~-- 0) or

treated with 1 x 10~
distilled water (o — @). ¢
Stargh changes in pefi&le segments (15 ,~ 20 mm

régitn). ‘Verticaf_lines t S.E. !

-
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method. Most'of’the amylolytic activity was confined to

otr:jes (Plate y, 2 1,2) durlng the-lpltlai four days
. )

-

suggésted that GA3

lation {synthesis?) of starch whén the_ cuttings arejplaoeé

primarily inhibits:the looaiized accumt

in a photosynthetié'environmeht (i.e. from day 2 to day 63

rathér than the dégradation of existing starch reserves 74
. , . ‘ - f - N
during the dark treatment period-(i.e. from 0 to day~22;\l

Coinciden% with this view was the observation[that the -

specific amylase act1v1ty in both the tgéated and untrea
/ to- ]

petiole material 1ncreas€d during the flrst four days wit

. b o

no treatment effect eyldent. (Table 4.30).  No activity

~co{j;ld be -detected using Brigg's (1962) agar diffusion
. ' - . . } ' r ..

the vascular parenchyma a55001ated w1th the three m

th xperlement. ) Ce g

L)
L . £ -

Net starcﬁ“synthe81s of 1solated petlole segments lﬁ

the presence of the starch precursor, glucose- l phospha{ '
r’fnjg

was sllght for the distilled water treated material du

the 2 hour 1ncubatlon perlod and was not conflned to a

partlpular‘tlsgpe regloh although 1t was ;ocallzed ‘

within the plastids. However, petiolar“materiai pre- .

treated for 48 hours with GAa at a Etoncentration of 1 x

LI

failed to accumulate'starchf Rather, the ‘treated tissha

-

“-contlnued to losé gstarch regardless of - the presence oTr

absence of G-1- P’(Table 4,310 GA had no apparent .effec

‘medium (Table %.32). This feature suggésted that GA, .ad

“on starch accumulation was not a rapid_event involving,

* - T . . -
e.g., a céellular membrané,change. In line w1th

. ! -
- .
. - <
.
‘ .

-
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“Plate 4.231 and 2.

?

Amylase a;?fvity IOCalized by the.étarch
: | o
substrate f11m me?hod w1th1n the vasculav.

strands of basally located petlole-tlssue

treated w1th GA3 (l) for 2 days or w1th

o

dlsfilled water (2). Clear areas gre :

..

"L

(eglons of hydrolyzed starch and.correspond

to vascular strand. reglona,wlthln the

<«

'

petiole. 1x 280)







T

Tabgé_u.Bl. Etfect of GAq;pvétPeatmenx on ‘subseyu
starch levels .in %sniifednpeifoib Segm

exposed "to '303 mM G-1-P f

.

pretreatment -

. ) %

N .

Incubation

med ium

-
»

: buffévionfybs

or ¢ hours.

Mean starch content
(i Sol—‘a“ )
L]

3(ug¢?50.mg;fresh;weight)
4 S

T+

i+

buffer + G-1-P

- -t

buffer on 1y,’
buffer #°G-1-

L

. 268.5

v




TN ~ . o , . . . i ) ' ot
~Table 4.32, Effect of GA  on starch synthesis -in“isvlated
- ‘ ' N , i . - ¢
segments exposgd to 30 mM G-1-P for 3 hdurs.
* - . - ’ N . o L ‘%

» . . we f

. S . “" ‘. ’,J"." ,
L » ’ \

e

W8 hr., . % " Incubation Mean starch content (. S.E.)
pretreatment | medium - . (ug /250 mg ’fr‘esh weight)
“ . "A\:r' ‘3 . ' ' i 2 , : N .

- buffer only - © 277,816,500 -
' 330.0 & 17.3 N ' L
RO ' Lt ““buffer + GA.,; coo T .
- x0T M) " 282.0°% 10.8 . -

"."4. " buffer %.G-1-P

.
.

* " _buffer + G-}-P, U e ..
. +GA; | T 33u.5% 7,5,

»
-~ - - . *

b . . .
-t g ' .. " . -
4‘<‘.< > . B Rk . M - .

3 hour incubation period. - _




v

Thlh obbexvat3on, a hA3 induced change in cellulav membrane o
. . : C

parmvdblllty was- ot pronounced (Table 4, 33) ) T ‘

’ ~ ) .

‘» v : . l. - . . - .':"‘fﬂ
4.4 Discussion ' . . s
e b iR Al .

Root regeneratidn in’tomato.leaf cuttings'can”be [ S
- ’ - -

describéd dcuurdtely and con51stently through the use of -

0
-

the d@valopmental 1ndex, LPI. thle max imum regeneratlon

| capac1ty ocCurs at approxlmately the poant of maxlmum growth
* . °
-

R . rate in length of the tomato leaf (i.e. LPI3 . '— 3 0) T ';

l -

'\hormdnal,applicatibn alters this situation. Treatment with . , - o
' e, e . .. < ’ . .. .. - ‘,' - .

N

hatural or synthetié auxins enhances rodting optimally . a
uring the stage after-maximum growth rate énd’prior.to

o, . B -, . ” R s "L ., o
T “that, l#af's completion . of the exponential grgwth phase £

Tﬁ.e. LFIS‘S.O_; 4.0). ‘A.coﬁsisq’nt,,positiQe correlation
N . / B - . . LT

. between ne%ihle or terminal leaflet énd”?achis .growth with .
.‘ k] y ' ( '. -

rootlng reSponJe was unalteﬁéq by auxin treatment..
]

. _ \Lngllzed ﬁpplxcatlon of - GA3 to the severed petiole <

bases con51stently 1nh1b1ted-root1ng regardless of LP13

*-_Stimulat1on of rootlng\By\hlgh concentrations ‘of ‘the
[}

'glhberellln bxoththetlc 1nh1b1tore, CCC and AMO 1618 O -,

c Sy
. .

‘suggests a poss;ble role for endogenous glbberel}lns 1n the

e ‘restrxction of root pegeneratlon., However althaugh cec

and AMO 1618 are capable cf select;ve 1nhibitzon of

', ‘“ f14 glbbenellin biogenesms 1n higﬁ/; planxs, qpe present : Mf. ;-;l ;;

i,)(uil ,”..evzdence is far from conplusive and maymsimply 1ndica$e o ' |
.o ‘increased organic nitnogen lévels duq tq the' bneakdehn of‘. . ;T" 7
. B thc inhibitors (Lange.. 1970) A sig _:ficant Gg't‘3 maiated ‘“ . a ‘
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© Table H:33. Changes mn cellular membrane perieability of G

1 ., ) X . A . B . ‘
LT . treated petiole segments-
o ‘h ) 7 "
a e (

PR . . -
- . ' -

A

.

4
. »

‘e

A

B ‘ ) i
- Treatment

v . A 3Me nm

VN "‘ ‘w}. . s'
. ., . - ) - i

*éell‘cohfents'releaséd;(mé

'/_A 260 nm

<

hY

T4

LA 280 nm

4 i d

an absorbance '*SL)

"éistilled'HQO .15 %003 o7

“GAy (1'x 107w 16

f:; :f' G“a {27x 10'“@M)aﬁyﬁé'
i | éz (4 x lO'F-M)~-;}5

t+

EE S

.00% - .08

1+, 1+

.009 - . .09

1.001'-. W e d?

14
14

-3

1+

GA, (6ox 107 M) .18 t 006 - .08 %

..005 .05

.003 006

b
s
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1
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""apparently lndependent manner (when contldered from the .

E L, < L0 249

~ -

-

) !
‘1ncrea$e in petlole growth over tﬁg‘:;z\rol tlssue couTld be - .

feleted to ;@otlng response. No-51gn1f1cant GA effects-on

‘growtﬁ'were evident prior té or durlng root 1n1t1afibnm
- - 7
These results suggest that no diversion af essentlal ..

nutrlents takasplace for ‘aither: enhanced petlole or blade
o«

growth ahg would tend to rule out the nutrlent dlverSLOn
By hypothesxe through the GA, mei&ated formation of alternatlve

metabollc sinks'. ‘UnliKe the cuttlngs from dlstllled

A2

-

water or auxln treatments; ma#ﬁmum rootlng response in GA4

-

- s

.treated materlal o¢cUrred prior te\\he stage of maximim

leaf growth@rate. In v1ew of the hlgh endOgenous auxxn:
Ve

levels. observed in’, dlcot leaVes at the stage 1mmed1&te%#é s ,-ii

ny 1937) mﬁ éhe

!'obServed ablllty of auxln tngatment to r'ez'vers:e‘i

prededlng maxlmal leaf, growth (Good

the GA c

_med1aéid lnhlbltlon of root regeneratlon An tomato ieaf

r

fcuttlngs, 1t is tenaxlvely suggested that the optlmal

. ~ :
rootmng po;nt 1n the GA3 treaxeq materlal may be pn;m?rly L e
: v ]

y oo . °

'due to. hlgh endogenous aux1n 1evels 1n,the tomato, leayes at
thls stage Although the mode of GAa action (or "sequenee -» -
: of reactﬁaps.leadlng to the phy81ologlcal effect"’ Paleg,

I?SS) ‘can.be mpdlfled (or "overrzdden") by auxlns 1n an, | .. P
P 4

fpolnt of view of timing sequance of auxin ppplzpatzon ,_' F

'relative* A1 Y GAG), ABA «rev‘ersal of GAa inhi‘b:.t:.on :[s qu:;te
‘tmmewdﬁé eoncentratzon sgaéific, which suggests & direct ; o

~interaptiqp betweeﬂ ‘the two growth aubotancea& However, the »;//‘<

‘preciae natum« of AQA uatfcm 1n the ?quence of raa.dfions S
‘ . . - PN
. y \ .




. e
leading'tO»decreased starch levels is unknown. At a low
] . - .{J'

concentratlon (1 e. 1 x 1078.M)‘kinetin\had no effect on .

GA 1nh1b1tlon regardless of time of gpplication or the™:
presence of ABA. Conszuently,'ifs'role,as a poesibie~
modifler of - GAa actlon in the regeneratlon response of

tomato leaf cuttlngs seems questlonable. Interestlngly,

high expgendus sucrose concentrat:ons cannot overcome the

‘ GA3 1nh1b1¢10n of regeneratlon. ThlS feature SUggests~~-vx*«“

Mn o ad
: . [Pyt

cgrbohyd@ate 1evels m&y ﬁd% be the prlmaryw

o ,H,““'Céndldate for fA3 acticn. -This conclusion ‘is supported byr‘,

Lt I
-]

the~quant1tat1ve"anali es of total soluble carbohydrates

. - - et

which demonstrate an 1ndre§se in both the treated and unv‘

v

“treated leaves pPlOP to. and durlng root rgggneratlon.

'Slmllarly ’ﬁlstologlcal ev1dence revealﬁdgn actlve vascular

* s

: camblum under both treatment cond;ﬁéons. Thls aspect would

tend to-rule out & GA medlated rnhibltlon of mltot;c

L]

activity In the tlssues which w111 be assocxated with the *

GPSanogenic event. ' . I

.

Blochem;cal and hlstpchemlcal ey1dence tend to.eupport

- .Thonpe and muresnlgeﬁxs hypot‘hes:ms (see sectlon 2.4) that -

“‘locpllzeé starch accumuldtzon prkor to and durlng prlmordzz;
formAt;on ‘are a neeessary prerequisite tc an organOgenic
responaeu' However, coﬁtrary to. the quggestion put forth

. by Tﬁol!’ and h1s eolleagues that GA mediatea ldcallzed

, starch levels priharily bv altering amylaae activity
(Thorpe and Heier, 1s7ua, LQ?Mb), the prasent resulta support

the hypothasis thut GA initiallv inhibits localigeq starch




'éynthesis with,no'eignificant effect'on starch breakdown

-

by amylase. The present evidence of GA,'s role in the

T inhigition of localized étarchFSYnthesis maysbe - summarized .

¢ ~ . IS .

! as follows: . ' - 4 R

1) GA appllcatlon has no- sxgnlfmcant effects onﬁthe break~

A L
A ""\r’"”

L o
j,m,%~w down o sxareh In tomato petloleq when the leaf cutt;ngs

P . -
breakdown (i.e, after 2 6 days An continuous darkness)

'\A\L E . are placed under condmtlons favourlng contlnuous starch

2) When GA, treated leaf tlssue is pla%ed under a 186 hour.

) 3
I
P ‘f photoperlod no actlve acdhmulatlon of starch takes ﬁlace -

»

' ’; ln the-Retloles although endogenousvsugar 1evels increase.
) [

Ipcreased sugar and stareh 1eveis are also obServed 1n the

7

h- ,.ieaflets of the treated and untreateé tlssues ' ‘ | .

3) Total Qleolytlc ac@aulty anreases in bofh ;3e treated

«

[

é\‘ ] and untreated pet’loles durlng t,hlnltiaa.'our days with

no 51gn1f1cant treatment effect vv1dent oo -

4) A lolytlc act1v1ty ;s loea}lzed prlmarlly 1n the

Vascular bundles althodgh inhibition, of active sterch -",

.“éccumulation in‘tne‘GA3"treeted'patiole3'ié evident in the
LI M -~ LY Lo A .

cortiealdparenchyma as ﬁell és the vascular tissues.

5) Net starch syntheszs in the presence of the starch

precursor, G- 1 P d;d net oceur ;n GA3 treated,petlole

: . . . N
gy segments. ;" By o PRRR . . !

-
U 2

. " @ -
» . ’ .

e L Op the basxs of theioreaent,evidence, the mode of GA ‘{'

. 'VQ ctxon o\a\be hypothe‘ized as- invozv}ng,inhibitlon cf the

starch syntheaizing)mechaniqn uithin the plastlds causlng

- . .. : . . L. . s
vl " . o Lote 2 . s v, ’ -
’ . . . . .« -




- . . 3
.

kY

\ . .

/

\

-Thls eVent would, in turn, block the formation and eaply

development of the organ prlmordla through a 11m1tatlon

. in the availability of locally high concentratlons of

eerbohydrates ifi an osmotically inactive form which would
be readlly utlllzed for metabollc energy production -and
rapld cell wall synthesis via the phosphorylated sugars
‘In vieéew of the apparent lack of GA treatment effegts on
net starch synthe51s“from‘P—leP in petlole segments when
énplied during the inchbationAperiod an the failure to
.detect'a significant GA modification’of cellular'permea-

b111~ty, the GA mechanlsm of aan (or spe01f1c metabollc

change Paleg, 1965) would not appeér to 1nvolve a rapld a

»

.
and pronounced membrane mOdlflCatlon effect (at least at

the ceilular Jevel) Rather, the 1nab111ty of GA3

materlal to synthe51ze starch in the presence of G-1- P

suggests that the mechanlsm of GA3 actlon may re51de 1n

elther 1) the 1nh1b1tlon of de novo or enhanced synthe31s

-
\

'aof starch synthe8121ng enzymes and/or 2);"desteb1112atnpn"

T

. of pre- exXisting starch synthe5121ng enzymes Since threel-

»

routes have been 1dent1f1ed for starch synthe51s 1n the
l

leaves of hlgher plants (Flg 4.13) an examlnatlon of.the

$pé01flc act1v1ty changee of . such’ enzymes as UDPGL ‘-“

pyrophosphorylase, phosphorylaee, UDPG~starch dynthetase,,
" ADPG-—pyrophosphorylase'und? ADPG~starch aynthetase wou;d

pear to’ be&a desxrable first stc’p. ﬂowever, as noted by

‘?ekete and Vleweg (1é7u3, aturch %athesxs nay take placeen

L J L. Lo . . 4

»
“' ‘
\

v, . . R

T 2592

fheyobserved failure -of the petioles to accumulate starch.

)
treated

. "




¢

197 -"Key to theé enzymes: oo

1. ADP.glquseaffhcfgse glucosyl iransferasg{

1'.UDP glucoseyfructosé glucosyl

\

o

» i »

L] . .
2,‘ADPG—pyrophosphorylase;

2

. . ;transferasé;b-
. . i
_ 2',UDPG-pyrqphos?horylase;
3. ADPGEstarch synthetase;
BTEUDPé-staicﬁ,Synthetase;
Q._ﬁhoéghqryiasé. e

”

Figuﬁe'u.IB. 'Prpposéb main'pa%hﬁayé for starch synthesis
. : | v “ \
’y (afteér Huber, Fekete and Ziegler, 1969;
. .

Vie eg and Fekete, 1972} feke@e”énd Vieweg,

w
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AV

~-starch metabollsm "the sum of quite a number of dlfferent

~enzymes 'is under nuclear or-organelle control is also unk_

”the regulatlon of synthe81§ and turnover of starch meta-":

o

_ . : : }
% : i ‘ - ’ .
- . .
. - .
- .
: "I . - - -~ i
. ‘ . - ’ L - [

durlng rapld starch degradat®on Wlth the overaidl effects
|
o
z;?thetlc and degradatlon steps whlch all functlon at ,’1
. K .
p

roximately the same tlme {p. 135). These complex 'é;
blochemfcal problems are beyond .the scope of the present f
study " Moreover, it is apparent that a cautious appr

. -y,
is\kecessary ‘.For example, although ADP glucose pyro—

phosphorylase appears to be an impértant enzyme inr the

’ -

. regulation of starch levels jinh leaf. tlssue (Turner and 7

Turner, 1955), its' iﬂ'vivo act 1ty mgy be controlled by
. C ' o *»
such factors as i) G-1-® levels, ii) Pi levels; iii) leyelj

-y

. 9 , . .. .
of glycolytic intermediates (e.g. P—glycerate); iv) ATP

levels w1thrp the chloroplasts and ,v) pH. Whether divect

or 1nd1rect regulatlon of this enzyme or enzymes of the -
starch blosynthetlc pathgays is medlated by plant growth’/
regulators is currentlg,anknown Furthermore,'whether the

fpostulated regulation of one "or more of the starch synthes

The limited ev1dence 1n the llterature would- suggest tha%

¥ . - I .

bollzlng enzymes in plastids may "be controlled prlmarlly
the nucieus w1th\\‘8ubord1nate role played by the/crganell

{tself (Badenhu1zen, 1959)., . BT

. -’ ~F
> > .
. .
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. hlstbqhemical level (utilizing both, light and eleetron T

‘ doubt arasses due td & sufficient supply of endogehous )

" a) developing a peépnergtlon system utilizlng 5 mm dlameter

CHAPTER § -, ..

'.. ~". | ‘ ~' "/‘ . . . ‘- . .
"ROOT REQENERApION'FRéy'LEAF DISCS CULTURED IN VITRO: -

- PRELIMINARY. .OBSERVATIONS:

'5.1 Idtroduétion T _ ﬁi -,

The tomato leaf cutting is a relatively autonomous

)

. system with regard to root regenetation. This feature no ' .

metabolltes (bath hormonal and nutrltlonal), although the'f‘

+

levels of these factors fluctuate w1th the developmental

~

stage of the 1eaf.,,As a consequence, the relatlve 1mportance o

of varlous endogenous factors {e.g. carbehydrate substrate,°
4

vi‘tamins and’ hormones) and thelr possible 1nteract;gns in

the regeneration process are unknown A more ‘ideal . . ‘o,

N

‘regeneratlon system,should %xhiblt a total g%pendenoe on
chemlcally deflnedf’exogenpus nutrlents and plant growth ‘
regulators. In view of the prev1ous work w%th tomato leaf

-

cuttings (see ChaQteb u), the bresent study centred around

leaf dlscs cultured\ln vitro which‘rould be totally deggndenf
:upon external stimuﬂi and b) examiniqg that syétem at the C

4 [ ]

microscopy) with a view*tu defining the regenebation response

PR N ’ v, N 2
° . C b

. Deos 7 o [
» -
-2}56‘&33' ’ SR )
», ° e . et ‘ Lo
. . ‘
.
.
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[ I
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&
-

in terms of cellular act1v1&1es. . - . -

The present sfudy is the firﬁt detalled account of . T

]
R

anétomxcal/hlstocheﬂscal changes occurrlng durigg\raéﬁ

formatlbn whlch are 1nduced xn cultured leaf blade tlssue +

{

, by a’ specifdc hormonal stlmulus. No comparable - Study with
. R 4

ey any. species 1s ev1dent in the Laterature. Flnally, thls
study w1ll serve as a reference p01nt for subsequent

physxdloglcal experlments deallng w1th the apparent multlple;

4 4 .
~

- .controls of opganogene51s by gibberellins in cultured . N
' > * .+ leaf material (see Chapters 6 and 7). .. ' i
- Do . . . -'Q/;
¢ 5.2 Mateflals.and\ﬁe%ﬁods ‘ B . (T' . " N
- : T . S .
— - .. ) Ll I o

+ 5.2.1 1In vi
e .1 In vitro Cslture . o -
' True leaf number § from ththomato cultivar 'Fartnest‘w

North' was selected for a11 1n !&EEE regeneration experimgnts§.-
An everage LPI3 was calcuiafEd for each group of leaves~used
lnithe.eqlsuge experiments.op “the Bgsls,of-the measurements i ,f°
sof 10 ¥andomly selebted plants (see section 2.2 fbf LPI

-‘v ‘l‘n calculatlons) Twenxy to %hirg; 1eaves.were severed .at thp’

3

petlole base, "and the cut surface lmmedlately sealeﬁ with

e

STCRRE
3

llqu1d Paraplast Leaves wepe‘surfgce sterlli;ed with ~ -

o

o ~ freshly prepared\and f}lfe}ed 5% calcium.hypoc_:hlorite.'r.° . .
".n . . " . “ ’ . ! ‘ , : ". L E ? u‘

RO B S PR Y

_-were carried Out in a'sterile cultdie heod’ " The. leaves weie o




© " were removed from the basal half of each leaflet and .

ST .258
down, or* a glass plate. Leaf dlscs were cyt with a 5 mm , -
- . \\’ . ’
(inside diameter) dtainless “steel cork.-borer. Two dlscs
- ’ .l‘ .l-, h s ) ’

..
F

'1ncluded the mldrlb medlally placed within the dlsc.'-The ,

i ‘ . o
discs were temporarlly stored (1 e. up to l houé) on m01st
. .- C o, , L
fllter paper ‘in smdll, (6 cm didmeter), getri”plates untll ) .

all of the leaflets had been sampled N édbsequently, the »

£
)

leaf discs (one disc. per v1a1) were placed abax1al 51de

5

':down on approxlmately 10.ml of 8% agar—based medium ..

(pH.5.2" %, l) in screw top v1als (Rlchards Glass Co..,

°

Montreal) contalnlng Murashlge and Skoog. (1962) mineral
‘relements, 1 X 10 Wﬂh thiamine and 2% sucroSe. This medium

is- termed "basal" and 1s non- 1nduct1ve w1th regard to organ

o’
regenerat;on. IAA at flnal concentratuﬁhs of 5 x lO -6 M to

-5

5 x 10 M was added to basal medlum by fllter sterilization

usihg a: Gelman Sw1nny type hypodermlc fllter attachment
fw1th Milllpore fllters (GA— 3 pore s1ze 0.2 u) affer auto—'--

clav1ng the other consrifgynts. This medium is termed the’, :
4 -

aux1n medlum" and ‘is 1nductive—w1th regard to root
regeneratlon. The dlSCS were placed under contlnuous low
1nten51ty (200 250 f.c.) fluorescent (Sylvanla Cool W e)

llghtzng -at & constant 25°Cofor up “to seven days unless :
otherwise noted.- o oo
et .

4

5.2.2 'Histcloéical and Histochemical Techhiques

. are

- ’ A . . . \
» . . . . .
; . . g
) - . .

S 2 2 l Plxation and Embeddingffor nght Hicroscogx '_.:‘\"

At twelve hour’intervals for a period of five days and _{“

P




. .
. . ~
\ . N s . -

N : .oy * .. v -. . ’ ® o
again on" thé sixth Yand seventh-days, five leaf ‘discs were - -

Ly
»

removed from bdth, the basal and auxin media and fiXed‘ o

...' =™

1mmed1ate1y 1n cold 10% formalln in 0.1 M phosphate buffer

- ¢ o
(pH 7. 1) for 2 3 hourd. using vacuum 1nflltrat1;:\\‘{He\\
S - ' -

fixed discs weée passedﬂthrough a tertlary ~-butanol series .
v& L -
and embedded-in Paraplast wax (Jensen, 1962)r Transverse

.

and paradermal sections were cut I0 p in thlckness and

mounted On slldes coated with Haupt!'s gelatln adhe51ve
(Jensen, 19621. The slldes—were‘dewaxed 1n.xy1ene~and'

v . ‘ . i’y v .
of%ydrated through 4 graded ethanol series,. The slides wefe

.washed_in running tap water for 2-3 hours prior’to stainin -
_,._-/_ . v N

'In the follow1ng hlstochemlcal procedures, the prepared

‘slldes were batch processed in order to mlnlmlze varlablllty

of the” sxalnlng resultsr‘ All hlstochemlcal treatments were
€ < ° .

. repeated at least four tlmes with serlally cut ‘sections

v

(20 tlssue sectlons per sllde) for each tlmé period.. A ,l
total of approx1maté§§ 10 OOO\to 15, 000 tissue- sectlons

were ekamlned in thls hlstochemlcal study S Yo

o ! NN

14 : hd

V'9.2.2.7 DNA and RNA Stainij

: .DNA and RNA were locallzed using the Azure B, method of

Flax _and Hlnes (1952) Control gslides were treated ‘with 5%

TCA at. 90 95°C fcr 15 mxnutes in order 3 hydrolyze $he:

JUT

e nucielc ‘acids prlor to stafning (Jensen, 1962). .

o
. : ,

, . . - . .
. PR ) -, . . . . - e R -
P . ’ . 4 . PR T
. . . . )
- . Ve L

5.2.2. 3 Total Protein Staining

S . Total‘broteina were locallzed by the Mercurie Bremphenol

PN . .
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“ glue'methOd of Mazié,fBrewér and Alfert tlQSSJ.as modified

by Pearse (1968) No controls were ipcluded as ﬁrelfminary
o e experiments démonstrated that neither the’ Van Slyke

deamﬁ&atlon (Gifford and Dengler, 1966) or acetylatlon

(100% acetic, anhydride at 60°C for 4 hours; ﬁjarse, 1968)

blockea the stalnlng reactlon Similar results were

- - ‘

obtained by Quintarelli,‘§cqtt and Dellovo £196¥).°

‘\\J '5.2.2.4 -Basic Proteln Stalnlng

- i

ki
-

: Basic proteins were localized by the picric acid-

B i bpomphenol blue method of Bipck and Hew (1960,a;b); see also

[

Ripgerfz and Zétterbufg‘(lgss)'for discussion of the,

-

..~sta1n1ng procedure ‘ Controls 1ncluded the follow1ng and )

o . ® ..

ppeceded the stalnlng o ) " ',

$

1) modlfled Van Slyke deamlnatlon according to Block and

Hew (1960a) - equal VOlumes of cold 5% TCA/5%: sodlum nltrlte
1 it ]
for 1/2 hour at u°c Two 5dlut10n changes were made, durlng.

]
thls time perlod Thls deamination step was used either

o

* with or thhﬁut prlor plcrlc acld hydrolysis of the nuclelc o

ac1ds. This procedure blocks,thea<~am1no groups and theiaf,,

hmlno group of lysine. .The, guanidino group of arginine is

ralatlvely unafﬁgcted S ' , S ;', .

-

"') acetylatzon - 100% acetlc anhydrlde contalnlng 1%
aceth acid at”60°C for 1. hour (Block,and Hew, 1960b)
" This proCedure blocks the aminc groupa by acetylating '
prlmary and secondary amines and amino eompounds (Péarse,. '

. 1988). . . , > ) s l ‘ ‘.4 , y . ' -

o



-

. by the authon (see Appendlx, ).' The PAAS method was

iii) absence of ‘'nucleic aciy hydro&ysis —"as‘noted abovéy, -

the plcrlc acid hydroly31s of - the nuclelc aG{@S was . .
L 3 .

omitted in one control series 1nLorder to demonstrate
' [ -

Jbasicg- amlno groups thCh were not bound to the\auele%; ’/}

ac1ds. A second control series Jwas not hydrolyzed with |
- ~

*subsequent deamlnatlon in order to demonstrate the 1nvo ve- .

.

ment of termlnal amino and/or thele,groups of 1y51ne in
1Y

the stalnlng of- the "unbound" basic BhQE%;: fraction. .
Extensive evaluatlon of the ammoﬂlac s;lver procedure ..

of Black and Argley (1964) leaq';o its'rejeetion as a

‘ . . , .

suitable stain for basic ppoteins’due to its apparent non-- .

-
o

specificity. o, o ' - e

-~ L,

5.2.2.5 Starch g%ainlqg ﬂ: S : _ -

Starch. grdins were locallzed gsing the Periodic Acid-

Schiff’s (PAS) reagent (Jenser, '1962) as Well .as a Periodic
72 .
Acid- Ammonlacal SllVef (PAAS) method whlch was developed

Q

'samplen than the PAS method whlle allawzng starch grain

morphology and dlstrlbutlon tb be aii§>ately descrlbeé.

.. IKID staining for starch (Jhnsen 1962) was - hot posslble;'

"thh the flxed materlal.\ ' ' ,

“S 2. 2. 6 NaOH-Basxc Fuschln Clearlng Technxgue {m

. Q'-

’0

. . .
1‘ L,

oL '
Method no. 1 of Fuths (1963) ‘wag. used 1n onder to

‘étndy the stages of xylem vascularization and Caspariani'

, strip formation within the developing primopdia Gsee S e
‘ o -~ o . ‘..1 ) , ' ’




- 5.2.2.7 -FPA- Propiocarmine ClearingﬁTechnigpe‘ .

-and is descrlbed sectlon‘3.2.2.l. Thdlprocedure was

u31ng~the formula for spheroidal volume:

. 2
' .
. B - .
& . . £
. B
' / , - .
“ . "
. X - >
. .
L . . a
.

section 3.2.2.1 for method -outiine). - :

< -

 f Thls clearlng technlque wgs developed by the author

s

4

leaf tiSSues:during primordia induction and development.

» .
. ’ ' ' ‘ . s . . v
Nuclear/nucleolar volumes for three dlfferent leaf tissue

types (ice. mldrlb cortlcal parenéhyma bundle sheath cells

of the mlnor‘Velns, and spongy mesophyll) %'—~\¢alculated

a-

4

1]
~

where a eqﬁéls transvérse radius and b equals longltudlnal
rad;us (List, 1963). ‘A drp101d pre DNA synthetlc phase,
G1 nuclear volume has been determlned ax approx1mately

150~ lQOlp .on the ‘basis of. Van’t Hof. and Sparrow s work

(Van't Hof, 1965, Van't Hof and Sparrow, 1965) wlth tomato {"

.
» - \ »

Two complete expeniments of 7 days duratlon and com—
[

X prlsing induced and non- 1nduced leaf discs were* @ampled at

12 houp igtervals (20 samples/treatment) and processed by -
each of the above clearlng methodsu. K |

All hlsftlogzcal and hzstdchem1cal observatlons were’

made prmmarlly fip leaf dxscs derived from maturlng leaflets

¥ -
) .

. wathin the LPIa‘range of 3.0 'te 4,0, - SO , “"
L) ¢ . : . . ’

. . .o
e R . . =

nseggl'for studying nuqlear_activity in the yarlgus tomato

.
P A .

root tlssue. . o ,' CoT o ’

-



igg{‘.ﬂ,msucrose. Tlssue pleces-were subsequently transferred to

‘, | e 263

. 5. 2 2.8 'Histdchemistry of Fresh Tissue. ' _ ' ‘;

. Free hand sectlons of leaf dlSCS aged 8 to 10 days’
. ¥ ‘ i .

on basal medijum were stained accordlng-to Jensen‘(1962) and

Johansgn‘(iguO),as follow?g "a) hedtrai-red for vacuolar n
'struéfures; b) Sudan I& far'lipid;; c) Janus greén for
mitochondriaj; d) IKI for starch;- and e) 1% aqueous
‘Methylene blue for generalacellular morphbology. Acid
phosphatase was localfzed by the lead sulphide proceduré

. (Gomori, 1952 as c1ted in Jensen, 1962) whlle perox1dase
. s
2 act1v1ty was logated accordlng to the ben21dlne reactlon

-

as modlfled by Van Duljn (1955, as CltEd 13 Jensen, 1962)

S
- ' . : -

~ 7 . r

[y
y *

) -VS.ZLZ,Q Electron Microscopy
ra ' i Te . - .‘ . i .
Fresh leaf material and leaf discs aged for B'days on -
basal medlum were cut 1nto 1 to 2 mm squares under cold 3%

%

glutaraldehyde in .1'M phosPhate buffer, pH 7. 1 .plus" 2%

T bl U
o — 2. "\_7“\:’; ,&\,s

N 4

o fii?rumed untll the tlssue was essentl

ig** fpesﬁ‘glutaraldéhyd% flxatlve and repejtedly vacuum 1n— .
11y free of trapped

alr bubbles. Total flxatzon=tmme an cold glutaraldehyde

K

s

was 16 hours a3,4°C. qusue was rlnsed in. cold buffer an?
)2% sucrose five tlmes‘over a.ﬁ hour perlod and post-fixed
. {“ for 3 hours in 2%osm1um tetrqxxde bqffered to pH };U w1th
uf.l M- phosphate.~ Uslng frgsh bufﬂqr,_the tlssue sectlons'c

- #'were washed 4 f}hea oVev a 14 hour pebiod followed by ~
- staining the tissue blocks with saturated (apppox}mately ~j

8%) aqueous uranyl'achtate for 30 mznutes at ro temperaturd



.
T

T Y Y I :
o‘v‘FQ;IOWing whole'fi%§ug>sta%niné, the ppepdratié;s'were‘
~washed, in distilled wéter and dehydrafed througﬁ'a gradedf e e
acetone series at u;C Total dehydratlon time to pure
qéetone was 5 ﬁours: The tissue blocks were subsequently°
. _ infiiiratéd:with Spurtr's 1ow~vlscq51ty epoxy resin medium: -
(Spurf, i969)_6§er a 2:172«day&péri§d at room témpefafgre"
. . ‘\ with éﬁntinuous“agiﬁétidﬁ'foliowed by embeédihgﬁamd,pply—
merization fqr‘Z days at 60°C; Secfioqs were cut with a
diamond knife and stained for 45'seconds to l.ﬁinute'iﬁ:
.35% aqueous lead Eitrate. Sectipn; were obserye@ with ‘a S

Phillips electron miéroscoﬁé (Model 200).

.

©5.2.2. 10 Photomlarography
. Prepared hlstochemlcal slides were photografhgd with a
SN Zelss Photomlcroscope ITI. Black and whlte photos were taken.
© and processed as pnév1ously described (sectlon 3.2 M) .. Colour
- "photoé;aph; were taken as follows' a
. 1) Kodacolor-X 35 mn £ilm for preparatlons stalnlng red :
or yelléw‘ Correct adjustments included an ASA settlngfof
80, 12 volt settlng for the 60 watt 1llum1nator and the use
of a 3200°K compensatlng fllter.(Kodak 80A). R ¢
11) Kodak Photomlerography colour film® 2483 for. preparatlons |
‘gtalnxng blue, green or purple., Correct-adjusqments_j ' '

SR included an ASA setting of, apprOX1mately 4. 0 12 volt

setting for the, Sﬂ watt 111uminator and the use.of a 3200°K
mpcﬁg;tlng fllter (Kodak SOA) s P

»
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.5.2.3 Statisticél Analysis . .. . 7 .

» .

_.Root count data was evaluated as descrlbed 1n section’

©

b.2.6 u51ng 70% ethanol’cieargs'materlal 1n order to coqpt

internal as well as external roots. In .the leaf-disc .

L e

.system; rootihg response was divided dnto three categories

depending on the vascular origins: i) midrib; ii)°seéondary
! ] a . - ) v L) . .

vein and iii) minor vé€in origin. Two sub-categories were

recognized for each one of' the three categories: external
. . . ’ A . . l
or emerged roots and internal er presumptive root primordia.

Fresh weight, hry weight and midrib lengths were trans formed
to log values prior to analysis (Sokal and Rolf, 1968; . o
" Wolf, 1968).. - - 4 )

5.3 Results
. N 7 ‘.

5.3.1 Culture Requlrements for Leaf Disc &q!neration in -vitro.

Some of the variables a850013ted w1th root regeneration

<

in’ cultured tomato leaf°discs were defined by extensive pre-

liminary culture e*perimenxs: A few of the mote important

-

observations are ‘summarized below. ' . o

5.3. 1. 1 Nutr1t10nal Factors \ - o

4

i) Prellmlnary experlments wlth White's mineral nutrlents

(Whlte, 1963) proved unsuccessful in supportlng root
regeneration from the leaf dlacs.' However the inorganic

———— r

’ medlum of Murasyzge and’ Skoog (1962) was .successful and, as

a qongaquence, was used thnoughout this study. The omissign

o

]
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. N Ce - . .. N 5
) - . . . . ) .
. 0 . i . . . . .
e b . ! 2 . i B . ¢26
. P EERE K . . .
, PN = . B . “ .
f .

Y er "FeEDTA stock) blocked regeneratlon. R . ,;;

and. ascorbie gcid lncreased rootlng 81gn1f1cant1y although

2 and 16 m1) o | -, S Jf//
. ii) Growth and root regeneration from the leaf discs B A

"exhibited a broad-rmnged pH optima from 4.3 to 6.6 although . -

of apy Lnorganxc component (3.e. macroelement mlcroelement

(24
- ".
v . .

§ C ° .
,11) A totadl dependende on exogenous carbohydnate source .

was'necessary for regeneratlon by-the leaf dlscs. All three '. P
carbohydrate sources-testéd°fi.e. sucrose, glucose, and '
[ 4 . : . . Y
glueose/fructose) supported“regeneration over the concentration
: ' : -

range of .005 M to .10*M although different cénceqiz:tiont.

¢

.f L .
optima. Were,K apparent in terms of root production or"fresh

c a o s : “p

weight changes®. Fllter sterlllzatlon “instead of aptoclav1ng

the glucose/fructose component of the medlum had no effect . ‘

s . L

on root regeneratlon although a decreased fresh welght was

6 - . @

ev1dent in the autoclaved treatment RN s

’

111) Thiamine was: necessary for root regeneratlon in exc1sed° . o

¢ °
<

leaf discs. This effect was ev1dent only in, mature; leaf -«
material (i.e._mean oLPI3 = 6 -4) and ne effeqf could be :

demonstrated in younger (i.e. mean LPI3 = 3 2) .samples ¢

o

(Table 5.1). Other v1tam1n eomblnations tested which in- .

°

c!udéd'nicot%nlc acid, ‘pyrldoxine, biotin, ca1c1um pantothenate ¢

no dependence on morphologlcal age was equent.‘

s . .
9 = F » °
-

5.3, l 2 Non—Nutrltlonal Factors ‘ - v'Q ’ > :

1) Rootlng appeared to be relatively 1ndependent of the Lt

amount of medium available to the leaf disc (i.e. between 6 -,

-]
- e A AR DA AP O



Effecté of'LPIé oh regenefzfién fespoﬂsé'of'
- cultured tomato leaf dlSCS to varlous vitamins.’

. e
s \ o -
e, L] o . .’ 4 .
a
e

~

8

Treatment A TLEIB” Mean ‘number of roots per disc

e °

2

control 3:2 g F 11,73
.- . 2.1 L e

.thigmine . L a - 11.4 -
€1 x 1077 M) o 15.5
T ) - ' ‘ e
> thiam\ge~ and’vitamin - . . 16,4
- supplement I* ‘ L '1u 8
. Y . g‘\ . . “

o

. *thiamine and vi%tamin ¥ ‘ ‘ 12.9
_supplement II## - - 1g.s
C . te ..
Lthiamane:'suppleménts 3. £ - 18.6.
o T and *II - BN N T L

o

®a

o . . "b ‘

T ° , } ]
. »

*° Vitamin supplément I cahtainedenidotihié acid (1 x_lO-s M)

.+ @ ° .

. pyﬁidoxiné (1 x‘»lal»)"6 M) and glyc1ne (S X 10 M)"

)
-
© o

** Vltamln supp&ement LI cqntalned blotln (1ox 1078 M), L
calc1uq$pantothqn3§g (1 x 10 M) and ascorblc acid {1 % 1078

Means followed by the same 1etngr~in a’dolumn not diffgrent
. | ]

g
at 5% level.

-g




-’ R
o

.the medla pH changes durlng the culture perlod ténded

towards mlldly a01dlc condltlons (*able 5.2).

2

iii) Leaf dlSCS exhlblted an apparent 1ncreased sensitivity

/= - @

to IAA in terms of number of rooﬁs regenerated when cultured

«in the dark in contrast to dlfferent llght conditions

Il

M (Fig. 5.1 A B 'and-C) Furthermore, 1ncreased light 1nten51ty
caused a decrease in the number of internal or presumptlve
root prlmordla regardless of thelr orlglns. ,However midrib )

'elongatlon and mean root 1ength were 51gn1f1cant1y greater

. =]

*in llght grown di%cs (Table 5.3).

L

The‘p0581b111ty "that the regeneratlon responses to |

&

TAA were related to either 1) the nature of the aux1n and/or
£ - ' > '
2) light effects ofr the medlum were explored. As 1nd1cated

v 2

e ¥

éxposure had a_slgplfrcant effect oQ the number of fegenerated

<@

:”4<£:\?able;5 L, condltlonlng of the medla by contlnuous llght (

roots_regardless of - the.auxin sdurce. °- B a

z . . & ’-- -

iv) Leaf,discs takeﬁ from different aged material. (expressed
- in terms of their mean LPI ) showed no significant differences

in thelr regeneratlon responses to low IAA concentratlons..

- 4

-

However, there was a 31gn1flcant dlfference 1n response
“at high IAA concentratlons between young leaves (mean

L3 = 2.0) and lea£ materlal taken from the end(bf phase.
(@

one growth (mean f..PI3 = 3. 6) or older leaves'(LPIa'i 5:7)

re -~

BRI (Table 5.5). ' This dlfference in response was &ue primarily '
& -
to fluctuatxons 1n the numbers of - prlmordla orlglnatlng ~
- <. . . ¢
e )from the‘ mlnor vein system. - -

3

v) Eséentlally szmllar>results were obtaxned with different
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_ Table 5.2. Effects of media pH on growth:and regeneration
- . of cultured tpmato'ieaf discs. IR _ .
. 2—1‘ ) . — LY J .“
.~ ) Meah number -Mearr ¢ fresh
LN  Initial pH* Final .pH¥ rocts per disc = weight (mg) -
- & .’ o . - . ,
— b . - . | .
. 4.3 a’ 2u.4 ¢
.- 5.0 a . EIE R
T 5.3 b = 27.2 ¢
B (6.0 a,b 26,1 ¢ .
- . g 6.2 a,b - 27.9 - ¢
6.6 a,b 23.8 ¢ ,
.1 * Meam. value pf four determinhations. - .
v ‘ ‘76"-‘ ‘ ‘ ’ . ) )
s« TAA B x 10 M . : . .t :
. . o @ . . - ST . A o
. . - * ’ s e . ' ~ ' * ’ .
- ' Means followed by the same letter in a column not different
- at 5% level.’ - ‘ - N o0
T —Meén LPIF3 =:3.6 . e v .
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".< . ‘Table 5.3. Effect of light intensity on midrib and root ’
) ) . élbngatioﬁ'ffom regenerating leaf discs dﬁ'medii
R R - o et . '
e containing different levels of IAA 4
TR " Mean midribd "/'M’e’an’.b r"'oo:c
L T . length (mm) length .(mm).
T IAA . 'q- ~ light intepsity after 7 days. = after 7 days .
o " concen‘cratio_n (foot candles)- (¥'s.E.) " (X S.EJ)
e c - . ' d .
. 0 . 0. 5.7 £ .1 -l-
" o 250 % 7.1t .2 L o g
’ — . : . J W
o - .. 800 - 7.2°% .2 L -
° § x 1077 H 0 . 6.3 % .1 3.0t "2
, : o 250 : 7.0 8.1 ‘9.2 1 g :
V&g ‘ . 4 T .
T g§do . T.2-t 2 Cas.atoLg
- 3 - @ . . A f?' M N -
5 x.107° M i 0 6.2 .1 - 1.8t .1 -
.' ‘ ) 'J ° o ‘ "
et /' 250 7.0 £ .1 2.5 % 1
T 800 7.2 £ .3 131 1.1
. 5&10':5)4 0 £.1-% .1 st o2
e 250 6.6 T .1, 2.0t L2
. n ‘ ¢, 800" 6.8 .1 12,7 t1.1
M'eal;x LPIa"ﬂ w.2 - : L e : . i '
* - P N s N ' 53 . o 'c . - ’
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. o

) N L S .
. . - ) '.‘ | ‘ “.ﬂ‘ : - . ‘_ ;:'." (; | . ] "27,3
. . W .,L s : i . .
Table §‘u,‘ Effect-of llght treatment -of dlfferézt auxin
KT ) ‘ ‘ medla on subsequent root regeneratlon. ‘
© ' Media pretreatment Culture “ Mean number .of
" Auxin® éondition§**' ' : conﬁitions** rqot3 per disc
r . EAA @ - none ,‘ i light . )9.5‘5c,d,é
- . * none .. dark- . 13.2. f 3
o : light "~ 1ight = - .9 a_. .+ =
: ' o dark . a ligh't 4.5 c,d,e ’
V4 e V - ¢ light . " dark ; 5.4 c;d,e‘
: R dark . . dark, 16,7 £ °, N
IBA. - " ‘none - 1light 3.6 c,d
" o 7 néne - " dark 8.2 e .
N N+ "light | light | 1.3 a,b * )
. - . f ' dm* o -+ light 2.9 b,c
light «7 7 dark 4.2 c,d,e
/ dark | : ddrk '~ 8.1 a,e .
-  NAA ’ none e ",‘ ight o703 a,e Lo
) ’ | " none (¢ ' Adark 14,5 £
© light light . - = 3.6 b,c.
) S gark ~ Iignt T .0 8.2 e
L 1ight - dark . 15.8 f.
L o dark . - ‘dark  16.4 f
} . - * Auxin éoﬁcéntraticn 5 x 10 M. ¢ ?~ -
’9 ) _ kL Medf¥a were pretreated in cohtlnuous darkness or . cont;nuous
L o - llght (800 fc) for 7 days at 25°C. Freshly cut leaf discs
L ' ‘ were ‘then placed onto the media and subsequently cultured
unde? the éa%crlbed conditlons._ ' :
: | Means fcllowed by the same letter in a bolumn not different -
" at 5% level. ' ;' ‘ , . |
e Mean LPI, = 3.8  ° .. 7 L
- s .



E
SRAEE | LaRT TS
)

[y

., ’ a;.“' . i ‘ . ] Lt ) Te . L . ' - -
* ' Table 5.5. Effects of LP®, on regeneration respdnge of - . - g
. ’ N . - R " o . P
R . " tomato leaf discs to different IAA -concent;\atf‘bns.- e
; . ' ! ; . L i'
1 IAA concentration Mean LPI3 Mean no. of roots per leaf disc
: ' N ' . . ) a.
X o . .- » .
.0 © 2.0 : L a .
.3 2 a - g
’ 5.7 . . 0.0 o a
A . ,
5 ¥ 1077 M’ 2.0 4.5 b >
. 3.6 3.0 b . ‘
\ ' | 2
! . 5.7 AN 3.2 b

. o 5.7 . 8.1 c,d .
" 5 x 10*5 M . 2.0 22,1 e .
3 . ‘ .6 - w11l L oa ’
- ; : - ( . 5.7. 7 <" ‘ i 8.4 “c,d ;
1 : ; ) -

ru s

&

Means fovl'lowed by the same letter in a columnm not ‘different
BT ‘ . i ¥ . . . V“ ' Ll
.at 5% level.. {’ - T , . TR ,

4
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' leaf position§S as were obtalned w1th dlfferent LPI o

'5.3.1.3 Hormonal Factors L B

: max1mum root productlon at. each IAA concentratlon tested

.distributidn'(Fig 5'?A). .Root'primordia were present in "

72 hour materlal ‘as presumptlue or internal root prlmordla

-vascular patterns of the emergxng roots (whlch ,are: normally

" . \ . sy 2 .«
. W
. M * . . - PR R G Y
. R e
SN ® ] ! .o U !
o - L & s
. . . ., 0 ,3 A I

) - w», 0. L e ' N

r
\ i T R s
. a . Cow, ', ". . o .‘l 27’54$
- -

e LA &

’a- !

vi) ﬁhen leaf dlscs (true leaf #3) from dlfferent cultlvars

(i.e. Bonney Best, Marglobe, San Ma!&ano, and T;ny Tlm) at

comparable stages of development were cultured at dlfferent

Ve, . e
IAA concentratlons, regeneration was observed in all cases.
. -F .

.\’54

The minimum level of TAA necessary for a regenerat;ve

response in maturing leaf dlSCS was approx1mately 0. 6ﬁ'ug/ml

~med;um for dark“grown discs and 0.2 ug/ml for light grown-\K\.

ones (Table 5.6). lExogenous IAA appliéation‘for the initial

u to 5 days of the 7 day culture perlod was %ufflClent for

R

(Table 5.7). IAA concentratlon also regulated the root

-pnly. However, by the end of the 7 day period most of the

'- : f - o ' * .

roots were external (F1g. 5.2B)..

» :
Root elongatldn was progresslvely 1nh1bated by 1ncreased

auxan exPoeure, regardless of IAA COncentration whlle the

(4

"dlarch) possessed 1ncrea31ng numbers of triarch arrangement
N <

 (Table . 8., R T

- . . . 3 I R
. . B .

{ Varxous synthe"‘ auxine‘and-strueturally»related"'ii_' o

b

(1nactive members) he subatituted phenoxy claas were -
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?éble 5.6. Rootlng*responsesaof maturlng leaf dlSCS to,
' ' low" concentratlon% of’ IAA | l . ' .
- M . t - ,,~ _“' .

. .~ Mean number of Poots per disc ° . -

;'IAA"éoncentrétiqn 'contiﬁuouéilighf (250 fc) Continuous dark \

- - - -

o5 x.1078 M ‘ e Y NS

. . . a A
1:x 1070 M . Wby T . §

. 3 i
“ - K . §
\ * o L T i
. . N - . y
Means followed by same 1etter in a. column not different at -

5% level. e T E !

T .;Mean' LPI, =-3.4 T v e
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< §g'"y s
¢
“n
.
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‘Pable 5.7.

Effecfi??ﬁfAAuconcentratiqn'and duration of . * .,

[

treatment Qn’rootlng i
« 7T . —
- Duration on Duration on -Mean number of
. IAA med1hm.u basal, medium roots per ' '
IAA concentration  (days)* ‘e° (days) ~disc’ T
’ ‘ R - . 14
5 x 1070 M 2 £ . s 4 b,
. 3 4 4.3 . ¢
" ’ . : s - T
. , b 3 . 10.1 a,d
\] . ' : .
SR 2 +12.0 a,d
7 o} 8.3 a.
1% 167° M s 7 b
4 6.1 ¢ -
3 4.5 d
' 2 1108 Tald
“v ; 7 )o . 0 ;14.0 a‘, "
5 x 107° M 2 Y 12.3 a,d ,
o 3 © oy 21.3 e WY
V¥ . K ool 292 e, £ .,
. - B T2 30.4 f .
7" 20 26.4 e,f .
“ T ' ‘ . ;”, 228

“* DlSCB wére cqltured on IAA med;a fo® varylng tlmes and then

subcultured onto baSal or hon- 1nduct1ve medla for the remaxnlng

tlme perlod.

vMeans fbllowed by the'same 1ettgr=in a column not different .

~at 5% level. -

.

Total cultﬁre tzme was,J days.

I.‘
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e

. e
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Figure s;zﬂ IAA effects on root distribution within tomato
o leaf discs cultured in vitro. T,
L~ — CS——t————
. : A. Percent distribution of presumptive (hatched
bars) and emergent roots (golid bars) after 7 B
’ days on different media containing different
i IAA concentrations. Mean LPI, = 3.5 -, °
_ . . J
L e ,B. Petcent distribution of presumptive and '
.\ . | . . .
emergent roots at different times on a medium P
containing 5 x'107° M IAA. Mean LPI, = 3.2 .
~ ’ ) ’
MR - midrib; SV¢ secondary vein; MV - minor vein.
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stimulate root fonmation’appreciably and consisteﬁtly‘,

inhibited IAA—ln ced rooting (Table §,9). Histological-

A |
abberations® produced by the subsxltuted phenoxy a01ds/bn

IAA—lnduced rootlng 1ncluded disruption and callu81ng of -
N

the aplcal meristem of the root prlmordla and apparent

&

inhibition of Xylem element formatlon into the prlmopdla'

~although Casparlan strlp formation 3’wh1ch.}s normally

| X
observed a, short time after xylem vascular;qatlon in IAA- .
) .. .;4‘3-‘“

~induced ®roots - was apparent.

. )

) One‘day pﬁlses of IkA during the fipst foun days of
cultd}e revealed a Sllghtly greater sengitivity durlng the

.148 hour to 72 hour perlod when evaluated after 7 or 1y days
(Table 5.10). I“’X&EES "aglng" df thesleaf dlSCS on the j

.basal medium for periods up t‘lO days followed by the
standard 7 day petiod en IAA medlum revealed a similar

increate in sené1t1v1ty by the second day followed by:a
progressive loss-of regeneration capacity (Table Stll).

1 The possibility tha% this loss of“organogenic ability
was due %o spec1f1c endoge%ous phy51olog1cal factors (and
hence rever51b1e) as opposed to 1rrever51ble genetlc R
change, waS‘explored. Leaf discs aged 8_days on basal

"medlum were placed on IAA medlum to-which various nutrltlonal
and hormonal factors were added.G The follpw1ng factors 7
were tested at a f1na1 coﬂ“-.ratlon of T0 mg/l-%nd found.
to be xneffectlve, catechol, resorc1nol, coumarln, -

o

glutamlne, phenyba%anlne, yeast RNA, yeast hydrolysate, -

yeast extract, kznetln and various v1tamin comblnatlons.

<y
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I Table 5.9. Effects of dlfferent substltﬁéed phenoxy/aq&ds on
. -‘ ro°<’>*t regeneratlon from cultured tomatp leaf dl@SCS.
z ~ ‘ g - -
)) ' ! . .
A | Mean number of
"‘Auxin treatment - . : roots ’per.diséb
" - ‘
. a@'{d (1" x 10° M} L 0:0 a |
ée;d +IAA (1% 1077 8.6 d |
A;}écid 1x10% M L 40 a
. ",'.'acié + TAA ‘ 1.6 a,b
Lo lorophenpxyacetlc ac1d (I x 10° -6 M) 7 a ‘ s
K 2,4 5 tr cthrophenoxya;;tlc ;c1d 3 IAA 1.8 a,b
1chlorophenoxyproplon1c acia- °<'ﬁ ” .
‘ ‘. (1 % 10 S'MA) 3,17 b, K
. 2 u 5~ tﬁléhlorophenoxyproplon10 ac1d + IAA .
) - 2,4~ dlchlorophenoxyacetlc ‘acid fl x: §' M) )
©, 2,k—dlc}}lorophquxyacetlc acu} + IAA ’
3 Means follow:ad"byothe sa;rré‘letter in a column not:different '
. at 5% 1gvel. &, oy . >
‘Méan LPI, = '3'..5‘ . LT Yy
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Changing

. N - <
. ' ‘ o ¢
. 3. ? ©
s ¢ ¢ M 7 “

sehsitivity of cultufe&q&eaf discs

) " to exogenous IAA applications. e :
. ) A < -
? i Lo ¢ - i3 '
* Time of 1AA Mean number of -~ - S .
pulse treatments roots per disc. - -. - )
- o , . . . R .
(5 x 107> M) after_ 7' days After 14 days 3
. ’ - - ) 13 ., T . *
0 - 24 hrs. ) 37 X .6 a .
. P ' ' &c ‘, h"‘ R .
’ 24 - 48 hrs. ' . 1.5 1.9 c ®
: & o - °
48 - 72 hrs. o ° sl . .6 a.
©72 - 96 hrs. ° 0.0, ©- ,-" 0.0 b
. - 6 . . ° 'a . o . , D .
> 2 o o o~ L ,D a -
. R * . . . ) . . -
Means*: followed by the same letter 'in a .column nqgt’
. different-at 5% level. e ' ) T
N ' v oy . e . . -~ = :/J;‘ ‘hu .
_— Mgan LPI3 =‘3.51 . -7, . ) ﬁf? o .
:~a c ’ - P ~ . a- : . 5 i ! -~
. ’ B s . N P““'g:. A
e y ) . - a - ’ = ° : . 3 }
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o "oy ) : . "o el T ’ B . .
. ., *Table 5.11. In‘vitro aging-and loss of regeneration * * N N
. T —— e 5 . o .

) N - = _'5 N o ° ° . ' @ ° . " . . . -
. o s . patential. . .
p o - .. . K P , " N ¢ ~ N -
B - ’ S, . o ® e @
2 ’ ' ' 2 . . o ; e N . o ’{
Duration.on R R . - g
‘ ‘ 7.' ) : ¢ ' . 8 . @ ‘:- o ° °

non- 1nduct10e Aftér 7 days on Enauéfiﬁé medium* Medn fresh
' ! g .
IR medlum Qdays) Mead{;umber of _ToOts per. dlSC LT wt. (mg) T

. /\ : . - . .
“a N - . . .
. - @ ) ) ® ~ A " = - — ”
p . . 3
.S . ! = % . - . ’ . 2 A ° -3
’ . ca 0 - : ¢ 9.6 ¢ a - o 22.0; N
. : . s ° ' . A
- 3 - - . 5’0 ¢ . °© a

S| © - e "1l a < 278

o . . . @ N - .
. " Lo . .- . te ! [ 0
L2 12:8 a: . 37.8 -
. : . o B r . .o oo . . ° .
s = 3 o e . 10.4 . a 38. l
e . k4 - N 3 - - B}
‘ ° ' . . .- N o . s .
- . S . . 5.9 - b . - 338 ,
‘o et ¢ e s . “ . :
* ? : % i ’ ! X 3 o « ' . .
. PRI 6" < K . 2.0 b W 33.§
- R . : & . : . ) : At 3
° - . 8 ° s _ 'Q ‘__.’3 C . - 67_2?-:5' .
. ® L . . 9. : A ® 6, . - s oae
i > . o ‘.‘/ . o & > ® . ) '», P ' .
s g v TN i IO O , . ‘.15 > L, C LI Toe . 2,70.’3 R -
> . o : ) B, 5. e . ° T .
. b o e . S ‘ - N . .
. ' c s : Lt - - ‘ . e
s . . — .

2" %Y . % leaf discs weré cultuﬂed on the non-inductive or basal .
' . N ) f . . .
. R medium for the times indicated and subsequentlv transferred )
oo el tp an - lnductlve medium (5 x 10-6°M IAA) fér a Seven day o T
' . . e - T g 3 o= o r», . i :D
N per;od.. ’ ‘ e . L T,
B ) N - : ' ‘ SR T
AR Méans fof&bwed by the same 1etter 1d‘a column not dlfferenta -
. - s - s ) - ¢ ¢ . . o i
n_:a:;- ‘°Q /4 a’t 5% 18V31. o e o Ce s ) o 0 . e~
& T 'v;"o : t o eg -t : ° ! “D " . - . ‘ . ‘, 9“. b .
o _+ *.+.°*Mean“LPI, =W.4% - B : ) . o - Co .,
, _ , 3 A | LA
0;
. 8 °.‘~
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te However, 10% coconut mllk 31gn1f1cantly (at the 5% 1evel) . &

fstlmulated’rootlng 1n the aged ‘disd® in the presence of A . ©
".’ ¢ a .o ’

CIAA° altﬁough a large npmber‘of the primdrdia were derived, ‘ 7/

. . " ) o . . ¢ C

from the callusing edges of-the discs. High ;evelsiofeIAA
e . CT et s T ]
T and IBA were capable of significantly increasing the N
regenerative response @%’fhe in vitro~aged discs to a level

Y

i 'comparable to low 1evels (approxlmately 1 to 5 x 10 d Mf of 7 -
IAA-supplied to“f%eshly prepared discs (Table 5 12).r~Attempts . S
o to reverse or at least slow down the Ln v1tro aglng ppocess‘

’ 0 -

lead;ng to a progre551ve 1oss of organogenlc capac1ty by

. v
N e - A
° > . 6

( culturlng”the discs oq medla containing cystelne,-ascorblc "

e, - §

‘e&Cld PCIB or TIBA proved unsuccessfu1¢ GA3; whlch is .

dapable of retardlng senescence in detached leaf tlssue of -3

» >

. .,such spec1es ‘as Taraxacum offfelﬁalg, Tropaeolum majus,

o ' v

Rumex crlspus ahd Rumex obtu31f011us“(Beevens, 1968 .

o »

Goldthwa”.’Lte and Laetsch,o 1968.) had nd’ ;r*e'tardlng 1nf1uence _‘ . 3 I

on the loss of, organogenic potentlal by cultured tomqto

° < °

Aleaf°d;scs. .Subsequent work.lndlcated that‘woundmpg was Co .
e essential'to.renewed~regeneration provided that disce had ‘.' N
previously formed one or tio roots {(Table+5.13). ‘ I

B . — . : -
o . o . °

an

s .
- S . .
°n . ’ ° ' ” M

5. H6>Histochem1cal Aspects of Indueed Root Formatlon R
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‘ o © 5 4.1 General Hlstologlcal Chaqg L ST e g )
“;0 By twelve hours after culture 1n1ﬁiat1on,=nucle1 and . Sg :
. a® ‘ . )
nucle011 had increased 1n voiume én both the 1nduct1ﬁf and ‘non-~ :

T '1nﬂuctive medla (Flgures 5.3A, B C and D).' In.generals,theo




e, L ) - \o o e .,
Table 5.12,” Effects of différent’aUXLns’on.roog regeneration-

. ‘ from in wvitro éged@tomafb ieafﬂdiscs,
. Auxin concentration* ' . Hean number of roots“pér disc
] : . : ——_‘ - o N 5
; I 1x10% M 1 .a,p _ D
e ﬂ 1xw07 M 0 't 6.3 f Lo '
P IBA 1 x10°° M - T -2 a,b i
1 x0Tt M ; ¥.6 e
-NAA 1% 107% M | 2 a,b :
s 1. To™t M - © k2.8 . c,d,e L
2;4-D 1 x 107° M ” 1.7 :c,d ’
- . 1x 107" M ' , 0.0 a :
. ‘1AA T 1% 107% : -
. - © 4+ : - - .3 - a,br
= =-IBA 1«10 7 M * ’ °
° ’ -5 ‘ .
o - . A ¢ 1 x 1077 M. : . S
S — s - S =2 4 a,b .
NAA 1 x°107° M - ; :
e 1AA - 1 x 107% M ’ - : , '
, '- - L a ] (f _6 . ¢ ’ 1-"‘) 'b,‘C
‘ 2,45D 1 x"10°° M , - L S U S
.. " — L, e ey
5 ,,o' ) ’ n 3 o - o, < S e e
o ’ * Leaf dlSCS were aged in v1tro for elght days on basal ' g
' ) medlum PPlOP to sub cultUrlng onto the dlffereut aux1n medla. ..
'. . | Means followed by the samewletter in a ?9lumn ‘not dlfferéhtA
g LT 4 at 5% level f ?"_~‘ { o ”u/ o '._: I T
“[ ” , Mean: LP13°= 3.-8 . ) . ; . . Y .' , . . - . N '. - V,
oL L : . : . e st R A Co




\

. - Table-5.13. Effects of wounding and kinetin on regéngratioﬁ

of in vitro aged-leaf discs.

©

Treatment* ‘ . -, Mean ‘number °roots
days 0 ‘to 8 days 8 t6 15 ' _ per disc

K

-6

'(footed) basal TAA (5 x 1078 M) . | 5.1 a
(rooted):basgi ‘IAA-i:Kn (1 x 1078 M) ° :2.6 b 
(unrooted) TAA IAA-‘O o T a5

. 0 (unroqted) basal IAA + Kn . -  ' . . 1.1 ¢

E

N
J

-
» - »~

* 10 mm discs which rooted spontaneously durlng the elght
days on basal medlum (de51gnated 'basgal, rooted’) were cut

alnto two 5 mm dlscS and subsequently cultured onto an’
- 3

1nduct1ve medlum (w1th or w;thout klnet;n at 1.% 10~ M) for
7 days (;,esfdays 8 to 15). " Failure to. severely wound - the,

in.vitro aged tissue (rooted or unrooted)_lgad to no

© e = - -.pegeneration résponse_when suBsequéﬁtly pléced-oh an -

e

o - inductive mé@ium._ . -~ .
Means f%%lowed‘hy the same. letter .in a column not different

at 5% level.

Mean LPI, = 3.7
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Nuclear -and nucleolar-volume changes in three

qiffergnéatissues of tomato leaf discs cultured

on inductive or non-inductive media. .
. : } L
A. Nuclear. volume changes on inductive medium.
. ‘)‘ e - n}' .
B. Nuclear volume changes on non-inductive medium.

C. Nucleolar volume changes on inductive medium.

Midrib cortical parenchyma, closed circles. -

2

Spongy mesophyll parenchyma, open circles. ‘

Minor vein sheath parenchyma, closed squares.
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D. Nucleolar volume changes on non-indunctive medium.
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nuclei of the 3 dlfferent tlssues studled contlnued to in~ * >

'crease 1n volume durlng the 1n1t1a1 24 to lzflgours regard»

less of the medium. The nucleoli appeared sllghtly N £

.

vacuolated by-l?.hours.. Nucleolar volume iecreases were ..

Y v

- most pronounced during'ihe~f1rst 24 hours 1n fhe leaf tlssues

cultured oh IAA medlum (Plate 5:1;3,4 and 5) with volume
vlncreases recorded up to 27 ¥ for the cortlcal parenchyma

of’ the mldrlb (Flg. §.30). . f".j :,
- After 24 hours on the - 1nduct1ve medldh, numerous cell

div1510ns-wereiev1dent in the-follow1ng tlé%uesa
.i) xylem and phloem parenchyma - anticlingl divisiofs
" with some periclihél figures;xvu

Y

S i) cortlcal parenchyma - antlollnal divigions with most
:f" :--'"leOtlc ngures oriented transversely to :Xe loﬁf plane of
the veins; ‘ | f _
iil) sheath parenchyma of the minor velns‘- antlcllnal with
some perlcllnal flgures. . .
The following cells and tlssues were essenflally non~.
mltotlc . . . . S
kY pallsade and spongy mesophyll |
1i) mature sieve tubes and - xylem elements or trachelds, and,
iii) epidermal cells (includlng the stomata and halr-cells).
, Similar mltotlc responses nere oﬁserved in leaf dlscs o E
cultured on the basal medium although to a lesser‘degree. ;",'j‘ .
E Data for nuelear volume changes and observatzon of. meta-

N ." phase platé diameters of the major vein cortical parenchyma o

. and minor veln sheath parenchyma supported the v1ew that the ;

o L . . . o ) . "
. - . ~ ? ' . " i . ‘
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P*jlate 5.1. GCytological aspects of IAA treated leaf discs ~ . e
cultyred in vitro. . <L ~ ,
"1.-Diploid metaphase figﬁfe in 4 FPK<pleared
, minor veir sheath parenchyma cell after 36 r "
; Heal . . .
) . hours on an TAA medium? ‘(x 1600) -
E / 2.-Polyploid metaphase figure in é.FPA'clearedda -,
midrib cortical tissue after 36'hoqujon o . .
‘an 'TAA.medium. 63 1600) * o ] RS
3, 4 and.5. Large and highly vacuolated nucleoli o
. in FPA cléa?ed midrib cortical fibsde after ;
24 hours on an IAA medium, (x 1280) _ o ‘
’ - 2 . o * - . l e, d ) ’ ’ - . e
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two tissues 1n1t1ally possess predomlnantly polyp101d

(i.e. tetraploid) .and d1p101d nuclel respectlvely (Plate 5 1-
-w
{ c N
and Flg 5.3A). . ~ . ‘ c ’

After 36 hours, small meristematic centers were

. observed forming from the external phloem parenchyma cells

of the primary and secondary veind. Very short:vessel

elements were &lso observed to be differentiated from the:
‘xylem parenchyma  located abaxially and in continuity with &
the youngest-prie-existing xylem strands. .

o

R By 48 hours, the 1eaf discs on the‘induotive medium

+

,dlfferentlated small prlmordla from their primary and
'secondary veins. It is apparent from Plate 5 632 that the
root cap is'derived from the overlying endodermal cells
pwhich initially divide anticlinally foliowed by one .peri-
clinal‘divieion etep leadinéwto ay2-celi'1ayeréd'0ap stageﬂ
The sheath parendhyma.of the. minor veins.appeared to.
‘respond in a varlety of ways when exposed .to 1nduct1ve

conditions. These cells exhlb;ted the follow1ng developmental ;‘

patterns in an unpredlctable ‘manner:

i) atarch sheath formation . ’ ' -

' . —

1 1% Casparian strip formatioﬁ
iii): wound vessel member (WVM; Roberts, 1971) formation

iv) :roet prlmordlum formgt1on o . e N

r$]

j//“_ Prlmordla on’ mlnor veins appeared to be derived’ solely

-~
‘/f”/ from dedlfferentlated sheath parenchyma derlvatlves

<

.

IR (Plates 5 2 5 3)‘ i : . 7 " ‘, 0 . A

On the basai medium, ¢onsiderab1y less mltotic actzvzty

3 ) Ve
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Plate 5.2. Early stages in root primordia development Jrom

- minor veins. . ) : e
’ N 1. Recent periclinal divisions “in FPA cleared

-

minor. vein ghgath parenchyma adjacent to .

external phloem after 36 hours on an IAA

‘ mediqm.‘(k 800) -
é.AMgpisfemoid,develophent from derivatives .of
T . ~fhé miﬁor vein shéath‘parenchyma after 72
thrS‘on an.IAA medium. (x 200) oL

e e
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Plate 5.3. Late stages in root primordia development from
5 [ %3

" minor veins. : o . .

4

g ‘ ‘
1, Well developed meristeﬁoigaf,regions_derixgd

: B ®
from minor vein sheath parenchyha after .72

4

hours on éﬁ IAA medium. x 800) _

Three rdots with xilgmﬁvasculafi;ation developed

from a minor vein after 120 hours on an IAA ~
. - ENY

medium. (NaOH -cleared, disc; x 256)
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was‘apparent in ‘the vascular parenchymau The sﬁeath

©
.
>

»
£

parendhyma of the minor velns were capabile of all the

Q < ‘ e -

above developmental patterns except root prlmo;dlum forma

\
by

.. @ tion. In fact no merlstematlc cell clumps were .evident

~

[
3

o "”c

. .. although mitotic_actlv1ty was apparent.° o

Pt Bt ieats SEEL A | ol SLAENAL Y as St L AACAR I e et i
. . .
E] - f
o
13

!

L * "

E ’ o . L
g ~ . o - ceel C e - . . -
E . . ‘From 60 to 72 hours, the differentiating primordia © ° )
3 formed pro¢ambial® strands which, in turN, differentiated . ~ -
<, o " ) ’ e ‘ ) ’ . SRR " ’L -
into the root vasculature. Xylem maturation began-init-
< e - ) . , - Voee 2 ' .

. iarly ffom»xylem‘parenchyma adtacent-'to thHe youngest xylem'. . ° .

o . A ,

elements and consisted of reticuilate to scaYariform ele-: 5

ments being laid down at’ right. angTes to the e%istingﬁxylem.
Unlike theivasulature of spontaneously-fonmed adven— AR

" titious roots in tomato Stem and 1leaf. cuttlngs whlch

»°
u N :

o

) (1n1t1ally} is normally diarch (Plate ‘53 u) the induced T,
: o prlmordla often possessed trlarch (and occa518nall§i:” - T~
. » S . e

rarch) xylem patterns. As p01nted¢out in sectlon 5.3V1.35 - -

. K " this xylem patternlng coul& be related to duration of auxln

L
g ‘ i s N . - e,

appllcatlon. :Whyle.the 1n1tia1 xylem elements w1th1n the

e ) developlng root. mature acropetally, subsequent addltlonal

- v

) xylem development may be ba51petal¢ Dlscontlnuous legm,e_——f—*—*

maturatlon and extenvaely pltteq vessel elements were

L - ‘

;c | also in ev1dencé (Plate 5,8, - N T

P
T, - o

LQG Casparaan strlp formatlon wlthln the devei0p1ng root

. prlmordla became evzdent at a later stage than the- xylem

-

L vascularxzatlon and was cont!huous w1th the newly formed

' o , : ~

Casparlanrstrlp 1n the surnoundlng'mldrlb ‘or secondary - i T

B velnuendogermzs.. It matured in an acropetal dlrectlon and ’ ko

]

. Y . . - ‘ a
o . . . .o
Ly . , [ e .




3

Plate.5.u. Normal‘ontogeny of adventitious roots. in intact
' ¢ tomato seedling hypoco%ylsa C .

S l Early stage in a-NaOH cleared seedllng show;ng

°
<

a developlng merlstematlc area (arrow3 whlch

L -, v,

Acauses the overlyrhg endoderm}s 0. béﬁ%e=1n§2

- L
T - °the surﬁound;ng cortlcal,Ilssue (x 307)

e .

T ' .. 2, Inltlal xylem vascularlzatlod stagecw1fi the

v v .

o - shont vesse€l elements forming'ax fight angles

o coa _” to the. hypocotyl vasculature (arrOWSQ (x 307

‘;-3. We}l developed rOot vasculature with ?f%léal

s N o v dlarch pattern. (x 307)
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Primary leem patterns in roots induced from’
=ﬁométoTléaf discs Eultured on an IAA.medium. i .
1. ‘NaGH cleared root tlp reglon show1n%/xhe we!i'
. developed Casparlan strlps (CS) ‘'of the endodermls

and triarch xylem. pattern (arrow): (x 256)

& - Pa_— . .

2, Anomolous maturafion and development of, the

primary root xylem. Note the 1solated vessel
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by

'usdaliy approached.the\root primordium apex more closely .

K

‘than the,xylem eléments‘ﬁPlate 5.531). The phloem appeared

’

to. precede the xylem during reot primordia' development and -

-

“alsd matured in-an acropetal-direction.
- .- o ER

-

On thé non-inductive medium, extraxylany fibers
a85001ated with the- external phloem of the major veins

became apparent during this perlod (i.e. 60»72 hoursY.

~.Caspar;an'str1p formation also became evident in the midrib

- L} . . . R »
and sécondary vein endodermal,cells and in minor vein

along the minor veins (Plate 5. 3'1)

-

sheath - parenchyma in an apparently random. manner.
By 120 hours, a number of roots derived from the.
prtmary and secondary veins had broken through the epldermal

3

leaf tlssue At thls stage, the roots had a well deflned

~ root apex and 1nternal dlfferentlation ‘had occurred to

i

delineate the~normal tlssues of a»mature root. Small?
vascularlzed roots (approx1mately one half ‘the dlameter of

L3

roots from the m;drlb or-secondary velns) were apparent

4

. Whlle cell division was stlll ev1dent, 1ts dlstrlbutlon
now appeared restrlcted to the developlng root, tlps as Well
as the mldr;b and 20 veln(cortlcal parenchyma. Unllke the
lnltlal flgures, however, the mltotlc act1v1ty w1th1n the
cortlcal panenchyma appeared to be more random in 1ts ‘
orlentatlon w1th hlgh act1v1ty apparent at the basal and

aplcal ends of the major veins. - ;

"By seven days,‘a well developed vascular camblum was

evxdent in the midrib and secondary veins of ‘both the 1nduced

L] . s ) .o,
‘J . e . Al

303

. . PR ek
e et Nl Tt g OB L A oo x




and non-induced leaf material with numerous external

roots yisible on the induced discs.

'5,3.2.2 Nucleic Acids

" Initially, the leaf disecs exhibited no cytoplasmic
staiﬁing with Azure B, Nuclei were small and light

_greenish-blue while isolated heterochromatin clumps

r

~“around the innerlperiphery,of the'nuclei sfaingd dark

blﬁe: . Nucleoli ‘were smaii ond pale greenish-bluol |

Chloroplasts (especially in the bélisade{mesophyl})j
- éopeafeé pale blue‘while the iignifiea vessels ano

tracheids;sﬁéined a green colour. TCA hydrolysis removed

°

- all nuclear and.chloroplast staining without affecting
. < . " m

"the xylem colouration.

. After eu hours on the inductive medium,“the cortical o

parenchyma and external phloem parenchyma-of the major:

9,

'-vexns possesse& large blue, hxghly vacuolated nucleoll
0

"2 _Pale blue cytoplasmlc stalnﬁng‘also became ev1dent in these
tissues atAthls stage. The§thorop1asts malntalned a paleg 4
*, Dblue oolouﬁafion. Oﬁathé“ﬁoﬁ;ihdﬁctive medium,\similanf

x
stalnlng characteristics were observed (Plate 5 6;1).

Green amorphous dep031ts were observed at the wound1

91tes along the disc edges oh both medla. They were TCA

. ,l' reslstant and were belered to be phenollc in nature. In
FPA cleared materxal, calc;um oxalate cﬁystals were also .
-observed ln the nound reglons. They appeared to be derxved

from ruptured Ldloblasts. Sxmllar acounulatlohs of calc1um

"g‘ ) oxalate crystals 1n wcund reglons haVe been reported by

-




.
> .- o

,Plate 5.6. Azure B staining for nucleic acids *in

‘cultured tomatc leaf discs.

’

"1. ‘Cross section of the midrib from a disc
fcultured for 24 hours on.basgl‘mediumf _ e

Nuecleolar and cytoplasmic staining is

. " "evident i; the vascular parenchyma.

; - " (x 480) R
. " 2. Paradermal view 6f a secondary vein . .
i ) . ' A . i \ . ; ¢ n . .
‘ after 48 hours on an inductive medium.
s, © -

Twa densely staining root ppimoﬁdig_ate
. . evident. Note the inftialabiseriété cell’

‘o ' - é -{‘ . * ’
layer of endodermal ¢e)l derivatives

[

?

e , - which will form the™root cap. (x 240)

+

- -
. . ‘ . h Y
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Bloch (1341). By 36(to 48 hours, small meristematic centres
were apparent.in the external phloem parenchyma¥ The cells

composing these centres were characterlstlcally small with

°

large nuclei and nucleoll and 1ntense1y stained from RNA

After 48 hours, the developlng primordia were 1ntense1y.

v

stained for nuclelc acids (Plate % ,63;2). Slmllar 1ntense

4 -

cytopiasmic‘RNA staining was observed in young sieve tubes

'
o

and their companion cells.

< ¢ . e

. By 84 to 96 héur§_oh‘the inductive medium, the vascular

L
»

parenchyma of the midrib and sécondary veins showed .con-

siderablf reduced nuclear and %ytoplgsmic sta}ning..-lntense
(: cyfoplaémic RNA staining 1’5 restﬁicted to the developing -
primordia on thg major veins and ‘the meristeﬁs‘of the
young roots from the ﬁrimary‘and secondary veins. However,
on the non-inductive medium, phloeﬁ and COé;iC%l pargnchyma'
still possgssed’modératély inténsé cytoplasﬁic RNA staining.

By seven days, the nucleic ac1d stalnlng of the.ﬁeaf

-dlscs on both the 1nduct1ve and non- 1nduct1ve medla had

., ' Dbecome restricted to thelnuclel.‘ The roof aplces were the ‘

only areas to exhibit intense cytoplasmic RNA staining.

-

o 7 5.3.2;3 aTotal”Proteins . ' . o , °

Inltlal proteln‘htalnlng was restrlctad to the. nuglel

and small nuc1e011 as well as the cytoplasm of the sieve

'tubes -and companlon cells. The mesophyll chlonqplasts also

‘sHowed hoderate'étainihg. By.24 hours, cytoplasmic staining .,

[ 2 o

“a ., ' . i . PR




v

was evident in tﬁe vascdlar and cortical parenchyma'which’
,paralleled the ingreased cytoplasmlc RNA stalnlng. In
general the total progsln staihing pattern shewed smmllar
trends to the RNA staln;ng as to 1nten31ty and-cell locallza—
tion in both the induced and non-induced leef discs (Plates
5.7, 5.8 and 5.93;1). However, small, intenselj:staining‘
.crystalline particle;.within the cytoplas& ofvnon—meristematic-
cells becaﬁe evident "by 60 to 72 hodrs‘ This partlculate '
staining was qulte evident in the non- 1nduced discs and tended
to increase both in particle size (from‘approximafed_O.? u to
1:5 u diameter) as Wpll‘ee disfributibn’(from vascula?
parenchyma and minor vein sheath parenchyma to cortical

pareﬁ yma and %inally, me50phy11'parenchyma). further
obsef&atiens on't£eir etaining pharacteristics are presented

below.

*
=

-

,5.3.2,# Basic Protein

L 4

“Freshly cut leaf discs-+showed intense basic protedin’
. staining of the palisede,meSOPhyll chloroplasts as well as
the midrib parenchyma\: Nuclear staining was alsé{évident,

Both deamination and acetylation reduced the staining in

the”chlqr0plaste and)nuclei, By 12 houbs,'aieve'tubesland_

companion cells (especially in the ektefnal phloem) sheweé9
considerable nuclear and cytoplasmlc stalnlng 1n‘Poth ;ndueed
and non-1nduced 1eaf discs. Both deamlnatlon and acetylatlon
were able to: reduce considerably the- ataining 1ntenslty.

.

- At 24 hours, chleroplast stalning uas reduced in both

—
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Plate 5.7. _ Mercuric bromphenol hlue staimihg for total proteins

©

o in the cultured tomato leaf discs.-
1. Cross-sectional view of the midrib of an induced
lea® disc after 60~hours.? Note the large'and_

" "darkly staining nuclei of the external phloem

. parenchyma. (x 1éQ) , RS

3?.’Cboss—sect%oﬂal Qiew{of a region of fthe external
| phloem in ép inducéé 1£af disc after'72 hours.
Note the g;all and inteﬁsely staining phloem -
‘pare;chyma derivatives adjacent to the external
'phloem7étrdhds. (x'HBO).’ . )

«







- Plate 5.8. Mercuﬂic'ﬁromphenol bigé'gtqining for total ﬁ}oteins

>

in-eultured.tomato leaf discs.

-

ole Cross sectlonai*%lew of the midrib of *an induced
[ 3 ¢

leaf” dlsc after su hours. Note "the intense
s oo . - . -
& ;nuclgar and cytOplasmic sta?%ing of the root:
. L ‘ -
primordium in’ comparison with the highly

. P <

vaséuolatéd ﬁeéophy}l and, cortical parenchymaf (g ;20)\
& .
2. Paradermal v1ew of the midrib of an 1nduced

}eaf disc after 96'%ouns. The 1ntense cytoplasmlc

staining 1s prlmarlry locallzed 1n the deyeloplng
=\, )
root meristém.” (x 120) '

. I
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‘ - Plate 5.9.. Protein staining in tomato leaf discs. cultured. on

- -

- ".a basal medium. . , ! ° 57‘ e Lo
1. Cross-sectional view of the midrib of a leaf
\ ’ .o . . . . o

disc cultured on basal medium for 48 hours and,

subsequently dtained for total prafeiﬁsz Note
~the‘absence of any denseiy.stainihg meristematic

_centers. (x 240)

‘- -2, Crogsﬁsectiénal'yiew of the ‘mesophyll region

after 168 hours. 'The'ﬁrofein mierobodies (i.&.

the small blue "dots") are intensely sﬁaiﬁe@ o
| vfor'basic prbtéins°and.aré quite'abﬁndanf in '
SR ‘:. “the noﬁ—meristématié ;egiohs of both. the induced'

N | . . and non-induced }éa?'discs;'(x'uso) \ .

. N [ . - .
= - o . >
. .
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types of * leaf discs while 1ntense stalnlng was observed in
. - the nucleL and nucleoll of the vascular and cortlcal paren—

chyma of the prlmary and secondary veins as well as the.

) sheath parenchyma of the tertlary veins. Falnt cytoplasmlc

]
&

stalnlng was also bbserved in these tlssues

_By 48 hours, intense cytoplasmic- staining was apparenf
,./,—l' at the sites of the root primordiaf This]staihlng patterh
’ wasjuhaffeeted;by deamina{ien’pr.a¢et§latioh. .Furfherﬁore,
the omiaeion’of nucleic,aeid hydrelysis by pieriq acid only
“.lélightlyﬁ;eauced,the_staining’inten§ity,lreéardless,9f
. ' ~ whéther it was'eﬁbseqpentiy deaminaxea or not. . i
" " In-the nonﬁihauéed sés}‘the:omiaaieniof picric acid
hydrolyéis had.hq,effect;oh'chloroplaét‘or cytopiésmie o ,
staining of the»sieve:tuﬁes'or comﬁaﬁion'cells.' However,
.subsequen‘t deamination- abollshed the chloroplas‘t as wel‘
cytoplaSmlc stalnlng of the phloem cells.
By 60 hours, small 1ntense1y stalnlng fartlcles of a
crystalllne nature.became~ev1dent in both typeS'oﬁ discs ,
2 - .E_ T where they. were 10Ca112ed in the non—merlstematlc régions

of the tertlary veln shéath parenchgma and the vascular
o P .

parenchyma of the prlmary and secondary velns . In the non-

. 1nducedodlscs, they were also erldent in somg of the

'KH;/ ' : surrounding pallsade cells.' These partlcles dié not requlre -
- prlor nuclelc acld hydrolykls and the sta;nlng reaction was.

‘.reduged cqnslderablyyby deaminatlon”and qcetylatig%, -In -

“both aiae andlﬁatferh.vadiptribuﬁiep; fheae‘partielea'

closely rese@bled-the particles_giving,anlinfenae tatal
. v Y . R _6’ o -




QU o / X
proteln staln (Plate 5.93;2). _. . o "

. _ From 72 to 168 hours, the root prlmordba showed . -

C int;nse‘ﬁuclear and cytoplasmic staining although thgn
om1351on of prlor nuclelcaa01d hydroly51s or deamlnatlon

'only sllghtly reduced the stalnlng lntenslty T

'

-

Inatheknon—lnduced discs, the stalplng of the phlqém'

) cellicyfoplasm and cytoplasmic particles‘waszabolished by“ {
deamination. B | - |

‘\\ Further éttempts at the characterization of the o

protein microbodies or-crystals using leaf discs aged for

¥ . s .
8 or 10 days on basal medium was carried out at the light

- and EM levels (Plétes 5.10 to 5.13).. A s‘mmary of the

[N R - . - .

restlts is presented in Table 5.1u,, .

5325 Starch Lo g

> -Initially, the freshly cut 1eaf discs poéseséed a few,
. .. » . i .
_small PAS or.PAAS poglt1ve granyles in the plastids of'the

~starch sheath surrouhdzng the midrib and the -guard cells.
By 12 hours small 1rregular starch gralns wene apparent

", under both- culture conditzons,,r the sieve tube plastlds and -

the chlorqplasts present ult}lnothe mndrlb and sheath
parenchyma of the major and mxnar veans. Falnt'huclear

jstalnlng by the PAAS reactlon was also ev1dent at thlS

- -
v -~ ~,,,

stage. ) " : -!”; ¢f,A~

By.zu hours, small starchrgrains were apparent w1th1n
m S

the cortlcal parenchyma ;hlovoplasts suﬁfﬁundlqg the primary

.and sggondary.veins well gs the ddjacent mesophyll -The
’ - . B ’ ,' .. . . ) . \ .
\ -, N a7 :

~t A '

. .
' a © .
‘ . . ) . .
{ N - ‘ L N
. : s .
. ' . .
4 . I . e . .
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Histochemical characteristics of protein micro- . .

bodies in £ohafo‘leaf éiScs.aged in vitro for

eigﬁt daysi ' e | ' e L

1. Peroxidatic qétiﬁity }ocalized in protein
-microbodiEs‘(éMB; a?powsf.' Fresh tissGe
p?eparatioﬁ. €x-800) i ) o -

2.'Acid,§posphatasellocalized_in vascular paren-
“.\ L ! i LY ' o i

chyma: Some particulate staining is evident .

. (arrows). However, the staining wie restricted . °~ '

.to specific cells “% not to the protein

°
.

microbodies. (x 800) . . . ‘ \

»
T e

8 , o

,
<
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Plate 5.11. Ppomineﬁt organelles of fresh and in vitro 4aged "\ N
. -, %omato'leaf tissue. . ‘
¢ ) 1. Fresh mesophyll tissue preparation from a \ )
' mature leaflet show#ng a well developed chloro-
‘;’,. plast (C) with'émali'plaétbglobuli and an - v
\‘ n ~interphase nucleus (N). Both organelles -are ,
- appressed to . the cell wqii.(CW) of a highly = . o B ,¥
vaéuolated'celi}‘(apprdximately'x 25,0000 - . . . B
. 2. Protein microbody (PMB)" from in vitro aged. - . - :
, leaf tissue showing the' surrounding sirigle B ,
. mehbrane as. 'well as thé'loo,ﬁ lattice structure. v
' _ . Note the irregular appearafce of two sides of
| the crystal (arrows) which hay indicate sites '
. ‘ ; - of_protein,incorporation;’(i 1591120)" T )
‘ \ .fn - i . ;
¢ /\ ‘ ~ 2
* . 5
d ’ ¢
[ .
¢ - T - - o .
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Plate 5.12. Subcellular aspects of in vitro aged tomato leaf

[

’

y-4

. phyll cells. (% 22,000)

)

tissue. The nucleus (N) aisplays an irregular

margin with very little evidence of endoplasmic

reticulum {ER), Chloroplaéts (C) possess

abundant and large plastoglobuli.
. ‘5 .. . ,
(M) ,.a dictyosome(D) and a protein microbody (PMB)

are also evident in these ,highly@acuoiated meso-

Mitochbndria
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] Plate 5.13.

K]

I3

46,

body (MVB),

At

v

fFurther subcellular aspects of in vitro aged

tomato leafitlssue. The protein mlcrobody (PMB)

oy

dlsplays a very prominent lattice pattgrn of

approximately 100 A wide repeatlng,unlts.
Associated with the micfobody are chloroplasts

a mitochondrion (M) and a muIfivesicular
‘ ’ ®». - ..
(x 57,920)

v
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-
a

nonginduced diecs.also\shohed starch accumulations withihv

the xylem parench;éa. s : R )

‘ o At 36 hours, starch grains were present within the.
_epidermis (especially the stomatal guard cells) .and a more

: , L ’
wide-spread distribution.of gnains within the mesophyll -

tissue-was evident. These grains appeared larger in the

‘non-lnduéea discs. In the induced discs -the,small meri-

stematlc cellsoderlved from the external phloem parenchyma

were devoid of starch gralns although heavy accumulatlons
) o% starch were ev1dent in the sUrroﬁﬁdlng tlssue Similar

.

observations were ‘made .at ua to 72 hours in the 1nduced discs
for mer;stemoldal areas from the major and mlnor veins - .

* (Plate 5.1W; 1) The non- 1nduced discs appeared to have larger
starch gralns, especially in their vascularn parenchyma In
general, starch was dlstrlbuted throughout the tlssues of’

. the non—lnduced dlSCS (Plate 5. 1u 2). o

“By g4 hdurs, some of the developing primdrdia from the
primary and seoonda?? veins possessed starch grains- in the
root cap cel}s prior to their emergence. leferentxatlng

,['ﬁ ‘ phloem was obssrved in the basal reglon of these developlng

) prlmordla . R S . y'- L |

.y ; . The’starch grains 1n°the root cap cells were of a con-

sxderably dlfferent morphology than the gralns 1n the sur-
sroundlng imsophyll The cap cell starhh occurred rp multl-
gralned amyloplasts and appeared rounded, pltted and unlform
.Ln size, 1n any partlcular cap oell layer whlle the: mésophyll
‘Z T ‘\starch grains were ldcalized w1th1n the chloroplasts and: ap-

peared angular and heterogenous in slze (Plate 6.15; 1fand 2)

S At 7 days the induoed diecs possessad no starch gralns T

- T in the well ~developed vascular cambium whzch was present 1n




Plate 5.14. . PAAS staining of starch grains in cultured tgﬁato
4. ¢ : - )

leaf discs. -_~ . . :

1. Cross-settional view of a meristemoidal region: .

forming from the minor vein sheath parenchynta

. b, :
- {gepiQatives 6f a leéE‘disc qpltured én an in--
(éff;“duétivé'medium fpr 72 hours.’ Note‘fhe starch a
) - f accunulations im the surfognding mesgphyrl and
- o their'absenée from the meristemoidal region.

l . ‘ ’ Slmilar accpmulatlens are not as pronounced in

the non—merlstematlc reglons of the.lnduced

‘. ) ] L discs. (x 480)

A

. ) T 2. Cross sectional view of a minor vein from a

-

leaf disc cultured on .an 1nduct1ve medium for L

3 ”

T 72'hours. . The staréhaacéumulations.aré ay

- . typlchlly spread throughout the mesophyll tissues

w1th no preferentlally localized dep081ts as

!

Qbseryed in tbe 1nducgd<leaf discs. (x 4L80)
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5.15. PAAS staiﬁing of starch érains in cultuyred

tomato leaf discs. ¢

. y . . -

1. Cross~-sectional view of an induced leaf .disc

at 120 ﬁéurs showing localized starch .

’ \

deposits wi{hin‘the“cép cells of develQping , .
T N .

.

S root

\ N

/ mesqphyll. (x 120) . - o
k , . S

A cIosé—ub.viqg‘bf the root:

2. Similar to 1;1“
- cap qel}smcdntéining starch grains which

are ﬁb?Fholoéica;ly distinct frém the grains
" within the aajaéenf mesopﬁyl; cells.

§

" (% 480)

primordium as well as the surrounding °
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_armd hormones of-the auxin ¢lass) in order for root

tomato leaf cuxtings (see Chapter u)

- 332

the primary.and secondary veins. Starch grains Were‘conﬁingd

tg'the xylem parenchyma, the cortical parenchyma, ‘mesophyll -
and root cap cells.
On the non- 1nduct1ve'med1um, however, the dlSCS possessed

abundant starch grains in the vascular parenchyma whlle the

mesophyll was essentlally w1thout any starch gralns. ({The

apparent loss of starch from the mesophyll tlssug was

¢

evident as early as 84 hours after culturlng the discs.
- ¢ r -

13

¥ - i . : . . « =

5.4 Discusgion

A comprehensive study of the yarious tissue culture

¢ H . N ¢

parameters has subétantiatéd‘the hypothesis that 5 mm

diameter tomato leaf discs possess -4 tatdl dependence on

external stimuli (such as organic and inorganic nutrients . °

.« . ‘

regeneration to occur. - When.discs from maturing leaves

(LPI; 3.0 - 4.0) are.éu;tured in continuous darkness, their

s
sensitivity to-exogenous IAA is comparable to the Ayena |

colegptile segment elongatlon bloassay w1th the 1owest
detectable response 1eve1 in the range ‘of 0. 006 to .010 ug ‘

IAA/ml of medlum. However, the various substltuted phenoxy

acid aux1ns and thelr structurally relatéd, 1nact1ve

-

members dlsplayed little or no ablllty to Induce root

regeneratlon. The reasons for thls lack of organogenlc

!

1nductlon -are unknown but the observathons are compatable

with slmllar onen made on rooting effects of 2, u-n from

The opseryationgqpay .

»

.‘ “
-
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~

indicate: i) a high degree of structural specificity in |

terms of auXLn type for 1nductlon of regeneratlon, ii) an
exceptlonally efflclent detoxrficaxlon procesqkwhlch renders
,molecules such as 2, U D 1nact1ve, or 111) an 1ncapacafy to

take up the substituted phenoxy acids.’ s

' Prolonged culture (1, e. "up to 10 days) on a non-

1nduct1ve medlum leads to a progre531ve decllne in organOgenlc

capac1ty of. the leaf. tlssue when subsequently placed on

inductive media. Correlated with . this decline were 1ncreasing
nuclear volumes in nOn—organ.forming'and pofential.organ

. forming tisshes‘(which\may~indicatenincreasing ploidy

1levels) and déclining nuclear and;cxipﬁlasmic staining for

RNA, total and basic proteins. This in v1tro aglng Pheriomena.
"is qu1te typ1cal for suboultured tlssues (e g see-rev1ew

by Relnert 1973) and has been correlated with- 1rreversible

genome.instablllty (e.g. poiyg101d cell formation and _
R - s s - - o ‘\ A .

possible somatic mutations). However, the loss of capacity

for organogenesis in tomato leaf tissue may be reversed {(at

v s ‘4

least partLally) by culturlng the aged tissues on hlgh auxxn
- media, 1nduct1ve med;a:supplementedgw1th coconut milk, or V

a comblnation,of both. ;Furthermore, the addltlonal fact?rs
5 I . /’ ~ - ) - - \!- “

of wdunding and the'presence of one-or two spontaneously\ 2

fbrmed ‘T00tSs are beheflclal for malntenance and subsequent

Ayl

expresslon £ organo nic capac1ty in long term cultures...’

Relnert-(1973 as observed simllar reversibllity 1n 9he~ ‘,:

* . \ 4 :’ ' >
. . .
- «

I

I




.inductive medium with a high nitrogen level. Consequentl&,

in vatro aglng and assoc1ated loss of organogenic: capacxty

" e c . L . - 334

»

cells could be_reversed by subcultﬁriﬁg these cells onto an

.
”

would appear to encompass both genome alterafﬁons and T

presently unknown bhanges in endogenous phy51010g1cal factors.

Tomato leaf tlssue, whlch is. essentlally mltotlcally
inactive at the’ LPI3 used in the hlstochemlcal observatlons
(i:e; LPI, between 3.0 and 4. 0) responds rapldly to- culture

ondltions by undergolng diverse histochemical and develop—

@

‘ mental changes (§ummarlzed in Flg 5.4),  Unfortunately,

comparison wlth 51m11ar leaf dlsc‘culture systems is impos-

-~

‘Glble as none have been descrlbed In general, the induced

‘and non induced leaf discs show simllar‘hlstologlcal and

hlstochemlcql changes over the 7 day culture perlod, except
in terms of the events which surround root ﬁrimordium,initi-
ation and subsequent development. The auxin Lnduced tomato >

leaf dlscs are unlquecan their ablllty to give rise to root

prlmordla smmultaneously from two dlfferent mature tissue

types. . The initial steps of root pleGlea 1nductlon within

‘. ]
primary and secondary veins (type I root prlmqu1a) con-+
C . : : v ‘ . .
sisted of anticlinal with,Sstequent periclinal mitotic
act1v1ty leadlng to dedlfferentxatlon of the phloem paren-
[ 4

Achyma. Accompanylng the initial mitotic acthLty, a

S _ | o
’ locaI&zed build up of RN& (especially within the cytoplasm)

became evident in the small, 1sod1ametr1ca11y shaped, phloem

parenchyma derivatives.- This 1oca11zed anrease.ln RNA

i




. * d

Figure(s.u. Time sequence of developmental events -in

cultured- tomato leaf d‘iscs.




Time (hr.)

‘and starch accumulation 1n cap cell plastlds

Primordia enlargement and elongation .

\

Primerdia. emergence S

Initiation of culture

nuclear/nucleolar.enlargement; stdarch accumulation

‘mitotic activity

Short: xylém vessel élements in midrib

<

Wound- vessel members, merlstem01ds Type I
(10, .2% velns)

. ’ - Type II. (3°, u° veins)
Proteln crystal formation

Organlzed internal root primordia; vascular&zatron

» o



337

staining was paralleled‘by incpéased total and basic_pfotein
staining‘of'the nucleolus and éygoplasm.‘ While acropetél. )
diffe;entiatioh of the root priﬁordia's vasculature is
consistently obsgrveddéauxinfinduced primordia show

abnormal .vascular archy and xylem maturatien. - Both ) ,
. . v - - . ’

. . 0 ) N .
features appear to be related to the duration Sf exposure

to auxin media. B
. N
Root Drlmondla Iﬁductlon w1th1n the mlnor veins (type A
R’ )
PR rootﬁﬁflmondla) con51steﬁ of the development of small
v

mer1stemomdal areas from derivatives of the bundle=sheatha'
parenShyma.q Some of these mepistemoidalhareas eVentually'~

) ° ! *

developo4nto small, yet essentlally normal, root. prlmordla .

13

and subsequently, mature woots. Slmllar changes in RNA,

N

total and basic proteln stej%lng patterns were ‘observed, in °

th! type II prlmordlauas were found in the type I Although

. these general histochemical changes are s1m11ar to those;
/

~

observed in: other root regpneratlng systems w1th regard to
timing an§ locallzatlon of organ ‘formation, spec1f1c features
'of proteln hlstochemlstry are unique to gh;)reﬁeneratlng
tomato léaf discs. i ’ o "

- The basic pboteihs chanée both with regard to locatlonu

’

and susceptxblllty to deamlnatlon. Initially, besic protein

)
stalnlng is susceptzble to deamlnatlon and “is restricted tp

.

the'nucleoli and chloroplasts. However,; by 36 to L8 hours,.-

1t As apparent that merlstematic leaf disc tlssue and

A

developlng root - prlmordia have a hlgh content of- bﬁSlC

,

proteln in both the cytoplasm and nuoleus which 18 only '
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‘_‘; ’ / RS ‘ s
T 's1 ghtily hlndened in 1ts stalnablllty by the hlgh nuclelc

N ~
s ac1d levels presenf w1th1n the same cells. Most of thls,
’ .

- o -
proteln ‘is not saﬁcéptlble.to deamlnatlon‘suggesting that
fhé résistaﬁt‘gdanidyl groups of arginine,are resﬁons?bie

. - ' . .

Tor the observed'stalnlng ‘While histones S protarly acrn-
. ‘_—-‘\\ ’ ’ -
~ ' trlbute to the stalnlng patterns‘bbserved itoin llveln ]

that the majorlty of nuclear and Cytopld81¢f Lar i ;refe;nf
- ‘¢ . .
are*rlbosomal<1n orlg;n (Busc” and umetna, SRR -

-~
N

v ’ ’
, L. The basic protelns of the siewve tu‘n Anci proawd

o parendhyma c}toplasmﬁ‘gﬁd megophjll fnlcrf,‘ae:s are

’ susceptlble tp deaminatlon, suggestlng a eif‘h‘ i t?;e ot .
. . c: . . )
proteln; Furthermore, prlor nuclelc acz.fl h/droxfs g nar L ‘&\
. ' effect on thls stalnlng pattern in both induces arnc: Ban- e

- - ‘ ~

i
';_1nduced leaf tlssue. Slnce the CthPOpiastSf-Sleve tulbe

and compan;on cell cyt&plasm contaln conslderablé {otal

-l - proteln, it is p0551?;gjthat the basxc-proteln stainlng

N . &ﬁthln these areas 1s'due to the fermlnal amlno groués of

-

the~pr0te1ns; 'The modlfled Van Slyke deamlnatlon procedure f;

.. N N -

used in thls study. would not dlstlngulsh the tenm;nal amino

' 14

Y B ) groups and the €—am1no groups c’ ly51ne (Pearse, 1968).. ¢
¢ “ "'=% Q’By 60 hours ,‘ I;artbculate ,prOteln s‘b‘:aln}mg w1th1n the )
h:.;’h' :' N cytoplasm was obiérg;dAin non~merzstemaf1c,>haghhy ‘ i'

o T .'vacuolated cells (e)g. mesophyilvcells and most of th;i' '

'..‘ ;Ji; i minor. ve}n sheath pareqchyma in leaf dlscs from the basal ‘

R AU medlum9 These protslﬂ particlés indneased b;th 1n sizq ;

e
e

f ‘ahd distrlbutlon and tpok'on ‘a. more cryss§111ne shape wxfﬁ

4 ' . - A
.. . R s - ~ s’

time. .- T e, o, el g . . 2
. - '.. o » P * . ) ) s v 4‘.‘. J“ - Lt AP I . e s
- . 4 . - PO . ’ . ' . L'y - - ‘
-~ P - - . L. " - . ‘ : . ] X L4
’ ot » . .
W N . N ot R » \ * LI
+ -« v \—','_ . « . > | S PR
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e As outlined .in*Table 5:14, the protein crystals 4p

not ‘appear to coptain any acid phosphatase activity which

'would have. suggested~lysosomal functions similar to certain

\g- .

5, forms of .crystal oontalnlng lysosomes found in anlmal

tzssues. bRathep, g;:>presence of high perox1dase.i’t1v1ty

suggests %?at'these.crystals may be perox1soma1 in nature
»
A{Tokbert, 1971). It should be .noted, however, that the

hiSto;;:HTcal presence of pergx1datlc aet1v1ty detected by

the‘benzidlne reactlon may beqdueuto the’ catalage component

as’ no perox1dase enzyme per se has been 1solated from

$ + - . thea (Tolbept, 1971) Slmllar crystalline inclusion’s »
have been fourld in the non—meristematic regions of.qhoot—!&

N formlng and non- Shoot forming tobacco callus tlékues (hosg‘

et al., 1973). These IﬂClUSlOﬂS were assumed to be protein

o
-

bdﬂfes\on the. basis’ of thelr configuratlon. It was‘suggsiked

- that these cryste}s were/aeform of storage proteln whlch :*
) ‘ :ﬁwas subsequently broken .down into amino -acids- and utllq;ed . ’
»" . in the synthetlc processcs oﬁ»merxstem01d formatloh and

. v o - development However Matsushlma and his co- workers .
(M&tsushima, Wada, and Takeuchl, £269 Matsushlma,w197l) h -:
T | :f‘had pnev1ou91y deecrlh‘d these crystalllne mlcrobodlee ;n .

( - onganogenlc adﬁ non'organogenla tobacco callus. On the e e
r 4’_"f ,.basis of hls;ochemlcal observatlons at- the electron mlcroscope
S ' '1." ;5- . 1eve1‘they coneiuded that the crystals were protemeous

.o ’j'} ' and contained h1gh perox1datic act1v1ty of éatalase wlthxn
\ the crystpxloid cores. Similarly,wmorpholosica{/gnd
L3 .. . . ) Q'

- ) hzstochemzqal evidence at the lisﬁt and' EM levela--dggeots

.
) 4
. L ged
. L] I’ -
= , A «® N\ -
, . : . A .. :
. . ‘ o o , :
- * v "




~ that the crystalllne proteln bodles obsServed in cyltured
tomato leaf tlssue are’ probably not-relatlvely 1nert proteln
storage bodles, rather kthey appear.to be- enzymatlcally A Sy
* . ‘ actlve‘mlcrobodles-of a Perox1soma1 n?ture which may be’ —
assoc1ated with, photoresplrafory act1v1ty (Tolbert 1971)
‘Structurally 51m11ar cryStal contalnlng bodles have been ~ -

‘found in detached tomato 1eaves (Shumway, Rancour and Ryan,

1970) tobac!o 1leaf cells (Prederlck and Neﬁcomb 1969), TR

‘virus fnee leaf cells Qf Verbe51né,_§§pv1talla, Zinia,.,, ,«
Cdlendula and DahIia'(Petzold 1967); pedicels df tobacco

and tomato (Jensén and Valdov1nos, 1967), ceIls of Avena

- °
4

coleoptlle (Cronshaw; 1865; Thornton ahd Tthann, 19§u)

- . . w

andubud cells of ﬁotato tubers durlng dormancy (Marinos,

1968)'I It has. been Suggested that these incl
‘represent a spec1allzed type of<m1crobcd‘
.cells with hﬂ4metab011cacr1v1ty (Frederlck Newcomb V1g11. .
and Wergln, 1968) Thelr presence in the non-merlstemgxlc
' tlssue areas of bothﬁanduced and non—lnduced leaf - dlSCS and 1/{
IR the ablllty of in 33329 aged dises to be experlmentally
“ 1nduced to form root- prlmordla suggests that these M1crcbod1és

play no.dlrect role in Organ regeneratlon. It 1s~present1y

- _— unknqyn whethér a peroxldatlc oxidatlon of IAA 1s possible.

Starch gralna, whlch flrst became ev;dent at 12 hours
—A
“vagcular parengryma chloroplaats, ccnt;nued to

SV S
late in t 1eaf tissue._ Houever‘ by 48 hdurs, starch




A}
L)

e v o - 3;41

' “

Rether, it preferentiall&'accumulated in tisshe Surrodhding

*

the developlng prlmordla and subsequEntly, morphologacally fﬁ

dlstlnct stdrch gralns’became ev1dent within the cap cells

of the developlng root. -Thls sequence of starch changes .
S o ¢ : b

‘in the v101n1ty of the developlng prlmordla is in agreement

L]

with Borthwick's study (Borthwick; et al., 1937) on IAA

stimulated rooting in tomato stem cuttlngs as well as

previous studies on bud ihitiationlin°tobacco callus

(Thorpe and-Murashige,‘iQBB‘ 1970) Furthermore, it wodld
»

tend to -support the latter s hypothes;s that stquh plays

a definite role in organogenlc processes., However,,

J- . . . e

. non-specific accumulation of starch grains wgs evident in

& M - ' N .
the non—induced discs. Similar starch accumulations have-

been observed in detached and photosynthealzlng leaves

and cells cul ured in the presence?of exogepous carbohydrates .

where no obv1o Q:?anogenlc events are' occuﬁrlng As a

-

consequence,ﬁa direct relationghip between organogenesls

and 'localtized starch accumulation would be obscured in.

‘terms of gPOSS quantltative analysxs, Whether: this non-=

. ’ ' AN

'specific starch synthe31s would, alter the GA3 1nduced

. :
lnhlbltlon of root regeneratlon as found.in leaf cuttlngs

(Chapter u) w111 be explored ln the. follow1ng chapter. .

L3 3 ’ ? o " ».

v
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.. .. CHAPTERE

- TOMATO- LEAF ﬁ~§CS CULTURED IN VITRO: INHIBITION OF ROOT
) ~
; v REGENERATION BY GIBBERELLIC ACID

- L

. P . , .
: . : . : . : .
A/ ot 6.1 Introduction : . S ,

- In vitro,culture %echniques allow a far greater control

a

over external and internal variables affecting organ.:
beggneration'than do leaf or shoot - cutting §§stems. The
,eultured tomato leaf disc system has ‘a rapid regeneration

’ time, as well as hlstologlcally and temporaliy defined o
vy prlmordla from two' dlst1nctatlssue types.f Hor%kver .the ‘
factors necessary for ;egenératlon in this system have been
” ldellneated _(see Chapter 5) ' Tﬁese factors 1nc1ﬁd; a complex,
.‘ ‘ ) yet deflneable group of 6pec1f1c lnorganlc and ;;énmc o
- . . <

° ..

>: . . ,‘nutrlents, v1tam1ns and auxin- type growtm regulatora.
« : . RN 4 .
. - .+ The study of reggneratlng tomato leaf cutt1ngs in

‘-ehaptjp u suggestslthat locallzed starch synthesls is a . %3,
~ necessary prerequlslte for root regEneratl/n A GA3 Lnduced
ﬂf,' (\J/‘gnhlbltlon of starch synthesls appcars to be the basla»"

-

o
for GA3 xnhlhxtlon cf regeneratlon although the spec1f1a

biochem1ca1 mech:é;am is noﬂn The present chapter

s

AP » attempts‘u simiﬂé;;an 1ydis of GA3 effects’Eh root regenerationg
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*
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. 6.2 Materlals and Methods P N

~
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1) Cah GA3 1nh1b1tlon of root regenepatlon be related To .
an earlier effect .an 1nternal starch 1evels° By
2) Does ‘the concentratlon ofﬁ¢ype of ‘'soluble external

~carbohydra¢e source modlfy the GA3 effect7' .

A
w

3) Does GA3 preferentlally affect Type I or Type I1

) primordia"in terms of initiation and/qr develoPment?‘

In view of the, divergent GA3‘effects on the growth
and metabolism of .leaf discs in other systems (e;g.
-Kdraishi and Hashimoto,\1957- Goldfhwaite and Laetsbh

7

'1968) -and probable growth modlflcatlons 1n tHe present,”

system, three more questions are ev1dent.

y) What effect dpeé GA3 bave Qn,dlsckspowtﬁ?_ ;
A « : . ‘ » . ° .

5) Is the growth effect tissye specific and/or auxin,

. .’
S N . AR
‘Q

depenc‘lent'7 s .. X

6) Does thexgrowth response modlfy the re%eneratlon response-
{

o -

and can the two events be experlmentally sepa.r’a’ced'>

Y ‘\»

4 Culture technldues and blochemlcal anaayse; are
essentlally’slmllar to those pdtllned in Chapters 5 and 3

respectlvely‘ H1stolog1cal pnoceﬁures for cleared leaf di!c
[ e T

preparatlon are outllned 1n section 3. 2. 2 1.

. -~

6.3 Resulté=,//_ _ . : IR G

-~ . . X . s e

: GAé‘iﬁﬁ'“ﬂted auxin indueed ropt, regeneratxon.from C

- cultured tomato leaf dzscs ‘in’ tbe presenoe or absence of,

(4




.
I L )
P

.
.

Cém. irnibition of auxjn-induced rdot regeneration

from tomato.leaf disecs cultured in continuous

' < N - . /
darkness or continuous light.-

" I
'\
- 8. - id

Mean number roots per disc

Continuous darkness’ Cohtinuous

A

- .

5,3

‘v

5.6

.Meansifollow?d‘by
R -

»

5% level. e

IAA concentraiion: 5 x lDﬁﬁ‘M.
Mean LPI,

1

-
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3f6rmation revealed a delay as well as a reduction’in the "
total number of organs formed (rig, 6.1A). However,vffésh

) . . - k . ) .
weights amd mddqrib elongation of the GA3 treate@-disce.were‘

. ' sigq@ficanfly greater than the control-tissues (Table 6.2) .

with an®initial difference becoming noticeable dﬁning the

48-72 hour period in terms of freéh/dry weight rétio changes -

(Fig. 6¢IB);; Callus prollferatlon from the. mldrlb and
’ , - -
secandary veigs was ev1dent in the GA3 treated leaf material

N LY

- cultured inthe ITmht.

Sequence tﬁeatment and GA3 puISing experiments'were'

rean?
o w

carried out im an att mpt to determgne thgxtlm% QE" m&ﬁ‘

‘sen81t1v1t1es for~r eneratlon Lﬂﬁibltlon ‘and growth stlmu—
&

latlon* GA3 inhibited organ regeneratlon if applled for

the first 1 to 5 days followed by the control 1nduct1ve

J-medlum‘(Table 6.3). However, maxlmum 1nh1brt10n occurred

"

after 7 days 'on "an orgarfogenic medlum.contalnlng.GAa. A

LY 4 .
GA3 1nduced growth stlmulatlon was alsgrapparent during the

first five days of culture with a Aax1mum effect apparent
after an initiel 48 hour treatment perlod., When GA3 ﬁaﬁ
applied durlng the later stages of the‘cultupe perlod ‘(1.e.
from days 3 to. 7), no %phzbltory sffect on organ regenera-{
t:an was apparent (Table 6. 4), Maxlmum GA *mduced growth ]
'was ?Pserved if GA3 was applled fraom 48 to 72 hours after

; the: lnitiatzpn of the gulture experlment. A pulslng experlm'
ment, 1n whlch 24 hour treatﬁpnts of GAB were applled to the

tgmato le.f'dlscs, wae 1nconc1usave {Table G 5), However,

f the obsérvaf;)y,tha(f;exlmum.1nh1b1t;on olxoot ;egeneration,

- . . - . L
- < - . N . 4
R ‘ . . . . - - .

] i 2 . | - Z4

d ° &

PR . -
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Figure £.1. A. Time course of rggt regeneratlon from tomato .

N ! o e
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I : ‘ leaf discs cultu&ed in vitro in the preseénce

. or absenqgfbf GA, (1 x 107H M) s
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L . . root regeneration from tomatd leaﬂ-dlscs )
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+ - Table 6.2. .GAihstimplation of .gr‘ownth din cultured tomato

[

leaf tissue in the.light.

. - .
O ¥ j J' N . .
- 4 Mean final Mean final Mean final . .
s - fresh dry weight, midrib
. ’ . % & P 5 ' %
Treatment - weight (mg) _ ,(mg) length (mm) -
- VG<~
» s _ . - &
IAA (5 x 10 %, M), .+ 25,9 a 2.7 ¢ "9 6.9 e -
TAA + GA, (1 x 107" M) 353 b . 3.1 d 7.5 f »
. * . - N ) - - ) : )
. - - Initial fresh weight, approx. 2 mg; initial dry weight,
aﬁpt‘ox. .2 mg; initial midrib length, 5.0 mm, . *
: Means followed by the same letter in a column not differ,ent X
i . . 2 ’ Y | . )
| at 5% level. S L e ~

Mean LPI, = 4.3 C ' _ . L
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Table 6.3. Effect of initial GA, treatment period en

3
‘ »
-suﬁsequent root negeneratlon from tomatq‘ggag
dlscs cultured 1n v1tro
. . .
s .
Treatment duration (hr)* Mean number of .. Mean fnéﬁh '
IAA‘Z;GA3\ " IAA . roots per treatment weight (mg)
El% ’ .0 - 168 . 8.2 c,d,e. .- 19.3 _f
0 - 24 oy - 168 - 5.5 e 35.4 - g
0 - ug 48 - 168 5.5 b,c,d - ,37.0 g
0-72 72 - 168 5.5 b,c . . 32.3. g
. 0 - 96 96 - 168 ° . 6.3 b,e,d,e L, 32.1 g - g
0 - 120 120, - 168 4.7 b L0329 g o4
0 - 168 - . . . 2.6 a - 22.2 f
. { /.
. # TAA 5 %°107° M; GAJ 1 x 10T' M -
Means Yollowéd‘by f@e same {etter not different at 5%
-level.
- Mean LPI3 = 3.6 . : . . ) K%
! , e . .
) ? 1] s i
Pl ‘ ) w" v . 4 .
hd v 4 5 J‘ / v




Table 6.4. Effect of Aate GA3 treatment period on - v i
KRN . R ‘ .

: §ubsequent‘rbqt,regenergtioh'from tomato leaf

v

o ,discs.'cultured in vitro.

/ ’

; ' . 4

™~ . 0

‘ Treatment duration (hr)# ¢

< . ‘ .
IAA ‘ IAA + GA;

Mean' number of  Mean fresh

o s . 3
roots per treatment weight (92)

.

3

‘ L

0 - 168 - 2.6 a - . 22.% f,g,h

24 24 - 168" 6.3 bye,d | 22.2° f,g,h
. , LT ,

4g 48 - 168 ° . b,c,d,e 29.2 h,i

72 . .., 72 - 168 9.3 d,e
96 796 - 168 . 8.7 .d,e
120 ©.120.- 168 . 9.8 e -
168 .

% IAA S x',lo"5 M;'GA3 1 x 107 #

Meaﬁé“follcwed-by-the same letter not 'different at. 5%

. : P 1

evel. : - < ) : .

gan LPI3

L B -
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'Tabié 6.5.. Effecf vashort GA3 treatments at different

\ , - tlme perlods on subsequent fﬁé% regeneratlon

»

T from tomaro leaf, dlSCS culture ln v1tro.
H ! . s
Vo . . . . ]
L) N

“Timg iﬁterval during the - . .

168 hour culture period  ':Mean number of

i

Duration of'GA3- ' when GA3 treétment (hr) roots ggr

treatmgpf (hr) *. -ayplled . ‘ treatment L

- : ) : K4

S . - -
IAA control T B R S+ 7.7 “a o

- + ) trol S L T e oy e o
IAA\. ,GA3 cou‘crol . SRS l}.«i&. ' b‘,‘ ‘
24 I “, . 0 -.24 S+ 6,6 a,b

4

|- . _2"1"' -" ‘ , ‘ . - ) 2"4 -.qs . a.,b

e 48 - 72 . 6.2 a,b

TR - . .72 - 96 “9.5. a
ug 0 - us 5.9 a,b [

wg o r v -72 L. 1.6 a

48 ST wg -796 L. . 8.7 a +.

) : o

(o \*1AA 5 x 107 M; GAB 1 x 10 -M S R
- ’ 0 - ;

»

ot Means follahed by the same 1ettef in a coiumn not different
' ' ' - . - .
at 5% level. @ e T

'Megg LPIé s-a.y"=°” A
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~i\-“ took p&agg 1f GA -Was appllbd over the entire. culture perlod .

e _

‘~‘°" - ghggested that the'lnhlbltlon might 1nvolve 2 efféc%s N : '
: P e 'Y o - ) .
o ~-'~1) an early 1nh1b1t10n (1 e. durlng the lnltlal ua hours) . 'f\\\

. and ‘Ti) a late 1nh1b1tlon pOSSlbly assoc1ated with earller -

N EY
. - .

(evg 8row$p modafloatlon) - L e

/

(X
o

efﬂects q{ GA3

¢ . In view of the earlier results w1th tomato ieaf
-, L4

cuttings wh&ch suggested t'zhat'GA3 xnhlbltlon 05 organogene51s

e was assoc1ated w1th an aitergd starch metabolzsm, experl-
Lot 'ments u51ng d;fferent concentratlonSAOf_varlous soluble

carbohydrate sources (i.e. sucrose, glucose?fructoée;\

R glucose and maltose) were carrled out. The reSults 1nd1cated

=
(Fig. 6 2“ B o and D) that the type of carbohydrate sub-_

. ., stumte had no effect on GA3-1nduced 1nh1b1t10n of organ
° . ‘ . “*® -
- h inltlatlonu‘ Howeter, under condltlons of low carbohydrate
~ v‘( 4 ~. . N

concentratlons, GA exhxblted no 51éklf1cant effect on organ

-

regenerat;on although growth was 81gn1f1cantly enhanced

(Table 5. 6). .An examlnatlon of total soluble sugar and "

e 'starch 1evels wlthln the GA, treated and' untreated leaf ‘discs’
e revealed con51s€2nt dlfferences (Flg. 6. 3A and B) 1n-starch

'& Levels ‘during the 1n1t1a1 four days K In the. control tlssue,

A‘-

’\
.max1mum _starch levels occurred at 72 hours whlle GA

treated
. LI . 3 ‘ ‘d\
g tlsSpe exhlplted a SIQWer accumulatlon of‘endogenous IR o,
LR \ B
’ starcl}x reserves w:.th max:.mum leVels at 95 hours. It 1s "

-

significant that no GAg was app11ed.on day 3 or. 1ater .

’(Table p y) when‘paxlmum starch levels e aohieved ln the -

L - opgarrpgenrlc tlgsuc,s‘,. To,tal soluble carbohydrates inereasecf

a . . .
- . N ~a b . L4
Tooa . : CLe, . . R , R ‘.




. . \"‘ St a e ] t . .
Figure 6.:2. Effect of exogenhous, soluble éarﬁbhydrate

v
3

type’and conceptrakion on GAs—induéed

inhibifion of root regeneration. Open circles,
’ A 9 g oA ‘

GA, 1 x 10-u°M;3closed circles, control.

3
"A. Sucrose concentration. Mean LPI, = 2.6

o« ©

B. Maltose concentration. -Mean LPI, = 3.0

. C. Glucose concentrafion.' Mean LP‘I3 = 3l

¢ Y ’ .
D. Glucose/fructose ‘concentration

Mean LPI, = 3.1 -

v
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. » Table 6.6 -Effects of %ucrose ‘cdnce&tration on groWth and -

an

N\

(R4 / ~ . . . o [ . 'o
by simultaneous GAa app}%cat%on. . . ’
M - ' . ! . ’ J . o !
y Mean number of Mean fresh Mean midrib,
Treatment .- , roots per disc _weight {(mg) iength (mm) )
! Q ‘ ’ . o - " o ’ A ,
. - R JO | « .
.0} M sucrose 'd; L.1- a 17.0 . e 7.1 f
.01 M sucrose + ) ) .
GA, (1 x 107% M) "6:2 sa 21.% ¢ 8.2 'g° '
; ' w . . .,
.05 M sucrose -16.4.- b 19.3 ~c,e ?P.1 o f
» ! . P . . i
. -05 M sucrose .+ ‘ ) : ‘ ST
GA; .- | 5.3 +a 30,1 d - - 81 g
' i . s . . ' 2 ' "f"d‘ !
Means,falidﬁed By_same 1etter‘inﬁa‘coiuﬁn not differentcﬁ*‘J ~
at 5% Tevel. . . o '
. ; . - -
' Mean LPI, 7 ‘2.6 , | . )
) : PR : . ,° - iﬁff 7
1‘ . ' . v .,
S L T T L
6‘ : | "" ) -\
. i ’
e : ] * \ N 1] o
. S 4 . . ﬁ« -
. . “ . " PR v ‘3

regeneration of tomato leaf discs as modified
. 0 at <@




.
= .
.
.
* 4
. -]
A}
B
s » “
h
\
.
.
.
N
. &
. A
’
(=]
)
s
“
o

. .
Ld -
4 .
3 .
»
e
‘
.
.
"
N
9
i
-

9~

2 .
@ .,
o
'\
/
~
i =
.. ,k. .
[ 4
: :
- .
F »
:
r ¢
.
\
,
@ 4
<
13
M L4

2
-4
% .
.. D
. .
% - -
:
- -
X L
ﬁ.
:
bt 19
\h
. - FH
]
L] - -

A. Changes 1n total solubIe carbohydrate§ during

4 ( .
-of GA3 (1 x 106

-t M)Q

&
root regeneratlon from tomato leaf d1scs

N ¢

e

Vertical lines ¥s. E.,

o

B. Changes in starch content during root P

regeneratxon from tomato leaf discs cult

.

vjcuipured.ig vxtro in the presence,cr absence‘

-
1n giggg in the precence or, absence of 3¢
» N .o
aVbrtlcal 11nes * S.E. o o i
° -7 - .
’ [} i .
:' v ']
os
M v
, . - ‘ '
? p -
L4 {?'. .
-1/ ‘ ! .
=T ] *
. o s . =
L '
2 ’ Wt .
- . A‘ .- . .’ , ¢ . - ‘
s . . v . 1 . .
L] s\ . - : ‘
» ‘ " "i . ! .'._:‘, ‘_; \F_’
. !‘~ , ‘ LI . . . ,
A- Y * \. r] “‘
i ! . . B ., . . B
oo : RSP . -
. LI . ,

Q
]
<

?
A
]
N
£
K3
"
T,
@
Bl
o
.
4
-
)
.
-
»
LY
~
’
’
o
»
2

I



-

1, ., . ~
L "'\ ) P - 4 ’
. ° L .= : "‘ ) ¢
. bomror ,
a . ' ) ° "" o )
o SE R =R '
° . \ - "’z ’ . .~
- i \ d o v .
‘) - ‘0'0‘ .'. :
. ; p? R
. . - .
. " .
W
= o " :
. o =

'@ et . o

~3., * . o > o 'o K

- - —,
»

» .

S T amasa ewsen. T L L
y suvudxﬂetuw 3’18!\109 -nnlu B




v

. four fold durlng thdilnltlal 24 hour culture perlod

:. followed by relatlvely gradual declines durlng\the rpmalnlng

6 days.  Initial 1nf1ectg9n points in tbeqsolub]e.caver

. , I3 ’ . N
ot hydrate levVels of~the GK and tontrol tﬁeated,tissu at _f
\ o . 'day 2 and day 3. rpspectayely, c01n01déd'm11h -gimilar 1nf1ev-

~ \

tlons Lh the fresh welghQ/dry welght ratlo cg//gm.~ Conse—' . .

quently it appea}s that decreased stardh levels 1q.the GA3 A -

treated leaf dists may-account for the initial inhibitovy

effects of GA on'organ-ﬁegenération. ’ « o

. B 3
' . In-order to exploq‘,more closely the p0331b1e late -
I + T3

effects of GA on érgan regeneratlon, a hlstologlcal ‘exami-.
natlon of GA3 xreated and untreated leaf discs was carrled

out using the two Whole tlssue cleaplng techplques Leaf
‘ . . /‘: . Coo. A
tissues cultured o‘fan organ 1nduc1ng medium coifalnlng

adl . e

GA wer'e observed to‘orm callus prollferanons at the

3
,severed ends of the prlmary and secondary velns Callus

7"

C ¥ was derlved pr1mar11y4{pom the cort;cal pabenchyma t @des. ) -+

, By 120 hours, a noticeable cqrtxtal cell enlargement at.
\:’,“"_‘ - "% S

vlght ahgles ‘to the vascular traces was ev1dent in, the GA3 ,

/

;"treated mater;al.t In a number- of cases this marked ;= A | ,,;
,palarlzatlon ;f cell enlargem;nt 1ncluded the endodermal = - " .
cells 1nVO1ved in root cap format;on of 1a§% formlng .

‘,przmovdxa (Plate 6 1)', Subsgquent ce11~;n1ar§emgnt appeared

'.ito lnclude the entire priﬂiféxum. This apparent destrucs

i} tion of th@ 1ate forming prxmordia by & parenqhymatlzatlon : l~ '7

T - ff-'process begxnn1ng iﬁ gpe endodgrmar derlvatiyes of the‘ - " c

‘poot cap ciila wonld exp;ain ths late affeets ofoGA on ” '

-~ . . e

- ‘ c [, } ,a . )
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Plate 6.1. Histologibal changes induced in Yate forming root
. . I} : . ] .
prlmordla by GA3

’ -

. . ‘
« 1. FPA bleargd midrib tlssye with developlng
‘\1&£r1mqrdra ‘from leaf discs cultured on IAA

edlum for 120 hours. (x”120)

3%

2. Similar to 1. A close-up of IAA induced <
s primordium showing the typical,flat, hemié L
spherlcal bulglng morphology with rectangular '
, o shaped cells~(arrow) form;ng the‘yaet\Fap
(x 200) - | ) |

i;”“ 3. GA, treated leaf tissue after 120 hours showing
N : . , .

- ‘ ;beak like apex'of”ehlarging cells. Note the

N\

. large, highly’ vacuolated cortzcal parenchyma
cells around the przmordxum (x 200) -
4, GA3 treated 1eaf tlssue after 120 hours show;ng'
:a later prlmordiumfstage where the cap cg}ls
appeg? to be elongating in K: dlrectiqn parallel
to the surrodnding cortiéal parenchymg. cells. "
(x 200) T e \

.
. . . . .o
- . iy ‘.
. . L . . . ‘
. .
. . . - . - '
, , T . . .
’ . -’ * - e . - . P
- ) ' ” . - .
'
-

.a typical, late fogminé primordiym with sharp, OJ
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-
] -

inhibitiory ol organogenesis. 1In some cases masses of ’
’ . - P

— . ’
proliferating cortigal cells possessed vascular traces’

similar to ones found .in root primordia (Plate 6.2;1,2). <
Whether these traces weré,initi&lldeev&}oped withih

‘discrete primordia which were subsequently destroyed by o

-

parenchymatization or were formed in response -to localized
‘ . ’ -

. . -~ [ .
\ callus proliferations is unknown. However, their strong

\

resemblance to-root vasculature suggeéts that the former

hypothesis may be correct. .

At 120 hours, meristemoidal areas in endodermal

<

derivatives ‘of the minor veins were wvirtually absent in

GA3 treated material (mean number meristemoids = .1)

"although quite-abundant in the control. tissue (mean number =

]

'5.3). At the LPI3 and auxin cdhcentrations’used in these
experlments, howeveﬁ? no type II primordia would be formed
- from thfse merlstemolds |
. Attempts were made to modify the GA resbonse; by
15uiins or ABA., Regardleas ‘of auxin type, hlgh concentratloné_

of GA, lnhlblted root regeneration (Table 6. 7) at hmgh auxin

.concentrations. 'éAs inhibition of root regengration was most.
- : - . .. P .

o

pronounced at high auxin concentrations regardless of the

LI w

preseﬁce orJabsenée of light (Tables 6.8 and;BiQ). GAé

»  alone inducédnsliﬁht 9et~re§ro¢uc{b1e ooting regponses in
P '_ the dark. °Interestingly, when high"cqnceﬁtﬁations of IAA

were applied in7the preaencé or absence of a low“GA concen-

tration, no inhibition of crganogeneris was obserVad S

e although a growth stimulation wau evident,(Table 6.10). No

a . Y ’ . . b - - - R . o . .« - @
. ' . . ! - .
. ° ~ ) ; . : . . ‘
- . . . N - . n .
. ’ - s ) . oL . - ‘ ' < . . .
R . . ‘ - [ R
. .

.
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' v Plate 6.2. ~Abnormal vascularization of late forming roots .
) a . ¢ e - »
. . induced by GAB' . ‘ o
. * N 4 , '

- .
1. NaOH cleared leaf tissue after 120 hours on

4 %] ]

y . IAA medLum showing 3 ﬁoot traces (arrows)

joining w1th the mid.rib vascu%ature. Note

the.long vessel elementslyhich compose.the ,

-

root trace. (x 200) :
25 NaOH cleared leaf tlssue after 120 hours on a \
GA3 + IAA'medlum 8h0w1;; the apparent effects
of prlmordlum destructlon on the: vascularlzatlon
process of the r?ogz The vessels (arrows)
- aqe)shor;.'zrregular and diééontinuous in -

appearance. (x 200) ) : A

“
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’ Fab le"6.7. Iffgcts Qf’GAQ3 'on_ rootirfg induced, by different . - .
-, # . .o'. N . . . . L - ".i
’ ' ‘ . types of -auxins in.the dark. o :
\’ R . . X < -a H 'f . * . . i [
., ‘°  Treatment. 2", ® o ¢ fflerm “number of roots, per cdisé
.G . ° . . . ..
. . ] - .
C()nt'rol @ c CW 1 a’ ° . i -
= L8 s . . y . o B’ . I " .
__— . Control + GA, (1'x 10 " M) - . o1 a o .
.QIAAl(sg'( 1o~ M) . 5:7 b c; - - ;
e . ’. . .g . -.o . ° ~‘_‘ .
, T TAA 4 GA, - st : 1.9 @ Y .
. . - . - B . ° r' N , . , s
e .~ IAA (5.x 10 M) -, 10.4 C
" ¢ 8 : ! g - ' ’ ..’ -
- . CIAA + GA, A * . 786.0 b :
< IBA (5 x 1077 M), o ar, ’
2 <. . b s ® -
g . ’ ! * ¢ ! .
‘ * “IBA + G q ‘ .1 a .
. b4 o ° A3~ - . ' ,*' o- ° ‘,, b
IBA (5% 107° M) T 6.9 b,d

. " LBA + GA, . e

3 L4 e »
,  paa (s x 1077 b o a - ‘
: PAA + GA3 L e 0.0 a T
» *‘ﬂ . ._6 . r ° 14 I
, T-PAA (5 x 177 M) A o ‘ 0.0 a . -
N e . FN\ #”%A ) ' é? v C R . 0.0 a. ., . ‘
} .- ° . B ' Y ’ © . c, - :_u - K
— -, P a IS k) [ . -
' ) L L ® - o
Phenylacetlc ac1d~ . ? . .
2 - : ‘ ‘ S . .
. Means followed by the same 1etter in a calunm not dlfferent
B at 5% Tevel. - e . S ,
° . c s 4 -y ~ B
5 - ’ a ° :o b
- Mean LPI = 3'9 a,‘. R '} T,

. d 5.
5 °
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Efi"ect of GA3 ‘cohcent'ré’tidé“oh rootiné 'E*esporf’se ;

“-’ - in the light of tomato: 1e~af dlscs cul‘tured ’
in vitro at hfferent 1BA concentratlons
] » . . @

Tneatment .. .-

Mean number of, rqots per discs

IBA -
. IBA

IBA -

+ GA\\(l X 10

+ GA (1 x 10

~5

417x 1% Mi

IBA (1'% 107° M), ° ' 0 1.0.-a -
[ IBA + GA, (1 x 10‘8 My©o. o e A,

-8, M) ’ ! . ‘.'5 a

Wu M) =, '?1 - - .‘ “2’ a - ‘ . J'\

BA + ey (Lx 108w e b f | _
~;BA + GA3'(; x~1q"6 ﬁ)-v,  'j'! . ':3,5 < o (
IBA'+ GA3’§1 x';ofé M) - o . 1.3 :/a" R 5

; . . : . B

Lo : s . : ’ o -
‘Means followed by the same letter in a column not different

‘at 5% level.

+ ‘Mean LPI, = 3.7
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* Table Gféz Effect of IAA concentration on th; GAS-iégﬁced

Iz

f

- “rooting inhibition from tomato leaf discs
« cultured ig'vitro in° continueus darkness.
il . . o Y ] Lo ’, )
- Mean ‘number of roots per disc
“Treatment : _~GA, +GA; (1 x 207 M) :
‘. ~ - ‘.’ ) i Lo "] * 1]
s Coqtpolf .o a .;a a -
"IAA (8 x 107° W) 1.3 b 2 a N
IAA (1.% 1077 M) 2.3 ¢ ¥ b oL
JIAA (5 x 1077 M) 7.1 d- * -+ 6.2 d T
. B N -
1AM (1 x 107° M) 10.5: 7.8 A, . ,
. - ¢ - - ‘
- '3 — : ' ‘o
IAA (5 % 107° M) . 10:5, 7.6 a ,°
. - ; . . )— , Lo » ‘— .
o - r-1 i3 C '
[ . . R - . . coe s . B - P - 0
Means followed by&thé game’ lette® in a columh not different
at 5% level. , — . o °
¢ .« 7 e " ” , :
’ s e" . T . s °o 7
' Meaft'LPI, = 3.8. |~ S . e
. ' s e s - ’
. ¥ ’ > ) SR ‘;"“ '
oo ; . @ i < r . P v
‘ * . - . - v
o~ - ot ) ) . ) o & K
Wt ) ' ’ ’ . . - e ) 3 ° +
. ’ i - ¢ -f-'-r, ’ 0- %' .
- 4 o ° . - ® Ll‘) v : ¢
PN / e - °
* . © N - o a
: o - '
.t : ’ .7 o L
- * 2 « bl ¢ - ’b . ¢
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v Table 6.10. Effect of a low GA3 concentration on' IAA-induced
. B ¢ z . ) . ‘, Y
<, oo . root regenmeration and growth of tomato leaf
[y . . 0 " i - e a . R
T . discs cultured in'vitro. - s
o . H . o - v y » hd o
. ’ . [ 3 R ’
4 o » ~ . -'0 . ’ <

. / ° ) . B . PR o
R . o Mean number of Mean fresh
Treatment roots per disc ; weight (mg)

. ;: . “ L M < ) . 0 . .. -

» ° - r

FARd 8
g
a
P

; _5 5 — ‘
‘IAA (2,8 x 107° M) . 8.9 ‘a,b 32.4 c,a -

: o IAA 4 BAL (1 x 1070 1) 9.8 ab - 4.0 e O

b

TN ‘IAA (g_oaxilo“son) 8. 11.0 5,

I

6 ThA + GA, .+ . T1i.s b .38.9 d,e °,
‘A,' ! ’ . A . e o
L . b . ) P Ces e ° ‘
-, ‘Means followed by the same letter in a’column not different
N T

¢ ‘:' OM’,eaIl." LPI3 : 3-6 »' ‘ ; "' ° . ‘. ! * " ',:' v

29.6 ¢ -

«




aagnlflcant growth effect was ev1dent in GA3 treated

-
v ‘ L4 TN -

materlal w1thout the preaence of an auxln (Takﬂe 6. 11) :5

" ABA had no effect oif GA3 1nh1b1tlon of rcotlng when épplled

v ﬁimultéﬁeously although an.xnhabttlcn of growth was_epparent~',«
at high:conbeqtretions (Table 82153. An initial twenty-
. LAY R4 2 -~ . ‘
r . P e b - . <
four hour pulse of ABA at. different concentrations were als¢ .

" @

, unable to overcaome the GA3-indﬁced inhibition of orgdno- ¢

» v

-

.. \ ‘genesis (Table 6.13). - | 4 . o ‘ ) .
. ! - ‘\ - . ; z
‘,l . / ,“ . ' . \'b. , [ - ) -
L 6.4, Discussion { CT e o ' . o
. N - \%\ . - N .
4 The present set cf e§§er1ments has revealed multlple

iV

} % . ”
‘inhibitory roles of GA, in the -control of 1n vitro, root
1Y o ‘e,
pegeneratlon when the leaf dlSCS are cultured 1n contlnuous\\\\

<

llght. - Furthermore, the GA3 1nh1b1t10n'of organ regenerat10n< ;\>\

b' ' is apparent only at or.above threshold concentratlons ‘of

_externglly applled soluble carbohydrates or auxins although

) LT the‘type of soluble carbohydrate oﬁ auxln had no- effect on

[} S .

P xhe 1nh1b1tory response. C < . 4
. . . . . . }

The early or 1n1t1a1 1nh1b1tory effect ‘on rootlng (1 e. ’

-

durlng the first 48 hours) can’ be relatéd to a partlal

~ e,

: A : :
1nh1bition of endogenous starch syﬁthesxs. Both tlssue . e
% e
t;' "analy51s of starch 1evels and GA3 tlmlng experlments gupporta )

' thls hypothesls.: The conclusiogs are also® 1n agreément w1th'o
the pﬂev1ous leaf cuttlng experlments of Chapter u
vy ulé ‘Q However, 1t ;s apparent from hlstologzcal dbservatlons e

el - . that mérzstemozd formation from the minor yeiﬁ sheath

parendhyma is also inhlbited . Under conditions of low. * .
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Table 6.11.-

£ . %
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° E
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< ° e
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)
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Effect of GA, on tomato leaf disc growth in

L ¢ . . hl

the light ofqdark. | —_— ERP v

- : = - . — ' — - .
- Treatment® . I Mean fresh.weight (mg).
/; L2 v — i . ;" . 2 , .
continuous light RS U & a ; )
¢ontinuous light + GA, (1 x 107t 45,3 a0 : %

- continuous ‘dark

-, 10.0
, - . . c - . Ll . ¢ . . . ‘
continuous dark + GA - . . e+ 11,20 b, S RS

o2

. v, V. > 4 . -

3 .

a

PR I ) . . i - ° . !
p - . — s - = . . \'~
- . U - - kY - ,". ' 4 ' ° ' ’
* Basal medium w1#hout auxin. - ' e e o .
’Meansif6llowea.py the same letter in a colhmn'ndt different” ° >
o [ : " . -7 . PR .o . ‘ o l |
at 5% level. o e o ;
.‘ o oL .o B ., <o oo " i f :
‘Mean LPI, = 3.2 - , . - '
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ARable 6-12. Effect of ABA on GA, rooting inhibitioft and

(Y
»

n
-

cultured in vitro.. , -
L in virro .

3 -

"')

.-.grééth étimul%fion~fr0m tomété leaffdiscs

~ Mean number of
Treatment K ' . roots per disc

[

’ Mean"fﬁeph

wéight fmg)
. .

control . : ’ : 6.4

“ABA (1 x 107% M) e, 5.9

3

.

25,86

10.0

‘ . . _ .
ABA + GA, (1 % 10 8 My | 28 a 7 . 10.8

ABA + GAy (1I'x 107 M) © © 3.8 a ¢ .12.9

. 1)
v . ' " © g

¥

"

SEETT — e ,

Means follbwed by the séme~1ettef‘iﬁ a.coluﬁnAnof different

- -

at“ss lqyél. " .

©

Mean LPI, = 2.8
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Table 6.13. -Effects of an initiak 24 hour ABA pulse on

GA, 'inhibition of root regeneration.

3

3 - T L
3 . . -

Treatment* , | : " Meéan number ‘of roots per disc-

-

_1u.0

._q

xllﬂ'u-

'*"Dlscs'were 1n1tially cultured on the dlfferent trgatment

medla and thgn subcultured onto an inductive. medlum for the. .

A

fremalning 447 hours; . L

Means followed by’ the aame 1etter 1n a column not dlfferent

iat 5% “ewel. ‘f._'

H?‘ﬁ,ana
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‘L.PI ! d/or hlgh exogenous au)un‘ 1~evels, this- GAs—medlated
merlstemoid lnhlbitlbn wouid be expressed 1n terms of a -

reduced number of type II root prlmcrdta. Whether this. lf

1nh1bition of merlste@cld fommatlon from the sheath parenchymé
. Rl . Q
derlvatlves of the minor veins is causally related to reduced

-I . - . -

__sterch'levels-ln %h A3 treated leaf dlscs or to a dlrect

effectton‘the‘mitot, and-enlangement processes of ‘the
S . - s . -~
potential meristemoidal cells is unknown. -

A third fnhibito%y.effect 6qcurs relatively iate'in
the-cultdre period (i.e. during déys 4 to 6) and ihyolves

the destructhn of late formlng type I prlmordla by a - ‘

process ‘of gradual parenchymatlzatlon. Thls 1nh1b1t10n»

. e N

appears to _be related to an earller, GA3-1nduced mltotlc
" A

activatlon and subsequent elongatlon of the cortical

parenchyma oells at right angles to the qnderlylng vascular

txssues. 'The destruetlon of the root prlmordlum beglns

- with the endodermal devlvativee whmch form the cap cells and .

e

. may 1nvolve~vascular1zed prlmordla as. well as younger stages.
* N

‘This growth related inhlbltzon of prlmordla development may

.

1accopnt for up to 50% of‘the GA3-1nduced 1nh1b1t10n ‘and
,may help to- ekpldln why auxlns are unable to reverse ‘the - ;?': B
“1nh1h1t1cn as -was found in the leaf cuttlng system. However,~ | ,
fheaGAa a;fecta onctootlng and’ growth can. be experzmentally ' ‘
separated under conditicns of hxgh auxin levels and low GA3 I
,cdhcentpatibn where no inh!bitony effect on’ rcotlng wae Tt‘f'. Q';
.apparenf a&though a significant growth stlmulation ocqurred '

- Stm;la{ly; although ABA was capable of suppresaing the GA

s

# ',\".\



growth stlmulatlonf i had ne. effect ‘on a G& -1nduceﬁ %“_

.

[
~ 3 . e ’ “ﬂ‘
,

i’rnhlbltlon of root prlmord;a 1n1t1atlon “or Qewelopmbnt

r & LY

ORS " a4 The consequences of ABA: suppre551on of GA3-£ndudpd growth
as it qffects the late GA3 effect .on root 1nhib1tion

: . (i.e. the parenchymatizatlon process) are unknown as no
- g - .!—

detalred hlstological study was.made It" 1@ concelvable, .
- however, that the ppollferatlng cells of the developlng ;
.o fbot prlmordlum may'be selectlvely modlfled through the

action of GA3 W1th a consequent destructlon of the prlmordlum

. 3 *

Thls concapt of pplmordfum deetructlon byp_GA3 dlffers fnom

" Haissig's oﬁserbations an GAy iﬁhibit{on of preformed. root

prlmordium development (Ha1551g, 1972). §asea on histagogical

observatxons of cell numbers 1n medlan 1ongltud1nal sec%xons

.1 3
. *

of GA3 treated anﬁ untreated, preformed root pnamordla in

brlttle willow seedllngg,,ﬂa1551g concluded that GA3 -,

a

e inhzblted development by a direct inhibition of mitotic

actiVLty W1th1n the daveloping primordlum Alt;ough the .

LN

. present study does not rule out GA3 inhlblteﬁ intraprzmordlum
oell d1v181on leadlng to llmlted root prlmordigm development,'

it does present histologleal ev1denoe for a sedondvlnhibitory i

- .

. effect of GA on root primori‘ym developmentowhlch is based
e R upon the aotual deatructxon of thé prlmordtun L .
- i,; . Although GA3 appears to exhiblt multiple 1nhib1tory

roles in the controi of root regeneratzon when the leaf dlscb

Coe et are cnltured in continuous 1i¢ht, a oonszstent observatzon

e was. the slight stimulation of rooting by GA when ¢Me 1eaf
. LA . ; ) . ‘. .:-',ﬁ' !.' .
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. dlscs we;g,qultured in contlnuous darkness.

is pursued ln-the follow1ng chapter. .

»
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. TOMATO LEAF DISCS CULTURED IN VITRO: STIMULATION OF ROOT

hﬁEhENERATION BY CIBBERELLICwACID

LT .
. - .
Vad i " ! Lt
ot " “

7.1 Intrbduction

This -chapter explores the - -ability of cultured’tofmato °
leaf dlSCS td form a small,lyet reproduc1ble, number of
,roots when the d;ees are incubated in the presence of GA.,.
in® contintious darknesszwﬁhevious Qork (see section Blft’
has establisﬁed fhat GAs,iﬂhibite IAA-induced rootigg in
the dar%\regaﬁdleés of apxin concentration. Consedﬁently,
the consistent yet alight{stimulatian of'footing in the dark
by high eonceptrations of'GAa4aloneeebpeared\papadoxical

unless oﬂ%,hypothesi;ed a GA3 effect en'thegleveﬂs of
’ s .

'enddgenous auxin. A number of. researchers have demonstrated

“that GA, increases the amount of endogenous auxin in various

plant maferials. for'example, Sn.try‘and Mhir (1963)-

‘observed that GA treatment df tomato frhlts 1ead to ’

.-

~1nkreased drffuszble auxln levels from the developing frults;

Tﬁﬁ.unn (1392) sugg!sted that tonato pollen could contalnA'}

) gibberellzn‘which could ~in tnnn. atinulate guxzn productzon

in the ‘ovary ., Fﬁrther work by Huir and his ansoclatea

(Kunaisha and Huir, 1963; 196“) established that GA3 treated'

¢ T " t '_
. .. . s S,

e

’



-

* . el ' ' ;
stem tlps of the rosexte plant, Hyosqyamus, contalned u3
t
times as much auxin as in controls. Glbberelllc aCld has
¢ . o L . [

‘also been reported to increase the endogenous auxin levels

c

of bean- seedllngs 200 tlmes (Nltsch and Nitsch, 1963)

Slmllar reports are present in the literature (e.g. Nltsch
[

and Nltsch, 1959;.1961; Bastin, 1967; Varga and Blto, 1968

- . . .o . @ .
‘as cited in Varga and Humphries, 1975). Two mechanisms

. "o . -
have Pbeen hypothesized for these observations: 1) GA,

»inhibition of auxin oxidases leading to increased aukin

levels by‘a sparing effect' and 2) GA8 stimulation of o

Endogenous §hx1h synthe51s._ Although both systems have

been supported by experimental'evidence (see section 2.4),

t

the. current study suggests that the latter hypothe81s

t -
presents a more plQ“slble explanatlon of the observations.

As noted in Figure 2. 1 (see _section 2.4), IAA may be!-
synthe51zed in tomato shoots by one of two pathways

.TPP ~» TNH, —» IAAld —y IAA . (1)

2
TPP —»~IPyA —> .IAAlA —» IAA (2) - Lo
Slnce GA gs capable of apparently stimulating endogenous

IAA synthesxs by %athway (1) in a' number of non- regenerat1ng .

systems (see sectlon 2.8) the fdllowing atudy examlnesvthls -

° .

effect in a repot regeneratlng system dnd involves two .
.1hterrelated aspects. ~ﬁ? e R . 3 .

L% N N
e o

. 1) culture studles 1nvolv1ng GAs effects on root regeneratlon

in the pre.sence or. ‘ab ence o.f possiblcr .IAA precursor‘s (gee

& -~

‘Fig: 2.1)5 ' S LT

-

-;11) madioactzve incorporntion atudias with the IAA.precursor,_
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° ' °% tryptamine-?e}qc bisuccinate, in the presence or absence of
] . o R .

4
¢ 4 I

¢, a ¢ =] ~ . R
¥ GA, over a 24 hour period. L‘ ‘ . e .

7.2 rMaterials and Methodg - : ) L

, v
f .

o
- < [

o , ; Z.z.l Culture Technlques c | o /
. P o :
Similar procedures were followed as outlined in section

Ww.2.1, The endole Qerlvatives, GA and labi components

\

such ag the aeeéggory factors,e<-ketoglutar1c id'and‘¢

pyridoxal phosphate, were added by filter sterilization
. affet autoclaving the meéia.°°Alluindoie compounds and
B eceessory.fﬁc{oré were puichased‘from §igma Co., St. Louis,
Mo.i i b

< ‘\I

. . 7.2.2 Radiotracer Techniques ' .-

N >
4 - .
€ - /
- s 2
- ’

7.2, i 1 Tissue Incubation . ) o . S

6 a

Dupllcate samples of discs per treatment from young

expanding tomato leaves (LP13“2 0 to 3.0) were 1ncubated

in 25 ml Erlenmeyer flasks cgntaLnlng Mgrashlge and@ Skoog -

’ (1962) inorganic nutrients, .06 Ma;ucrose, 5 x 1077 ﬁi
" thiamine, 5 x 10‘6'°M<-§Eétég1utaric acid and 2 nc' of
. tryptamine52-;uc bispccinafe.(final éoncentrationqa.ﬁ X _ }
R '_I -6 ﬁ; sbeeific activity 47';0 7hCi/n mdle' NewiEnéland. -
'0/‘. _ - Nucdear, Boston, Mags.)" 1n a total volume of 5.0 mlx -

Radiochemiqal'purity o: the-TNHz-z- C was greater than

98.5% when puiﬁhéeeq aéfroximetely six montha before the .




°°_ fexpcrlment and TLC separatlon of a S.ul sample revealed a h
| | 51ngle homogenous radloactlve peak which co- cheomatographed
- with authentic tryptamlne. Glbberelllc aclé was added to

s . one half of the samples at a flnal concentratlon of

L]
1l x 10 -5 M. "After surface sterilization of the‘whole

) © - s - N
leaves, one hundred 5'mm diameter leaf-discs were punched
out with a stainless sggc!.bork borer, added to each flask

[ 4 - B
-and_subsequently gncubated for 6 12 or 2y hours on a linear

shaker (120 cycles per mlnpte) in contlnuous darkness at

- 250C., . ‘ J I

o

) o
©

7.2.2.2 Extractlon of Indple Metabolltes -

All’of the follow1ng steps were carrled out 1¢ d1m

‘lighg at yoc- to pre‘ent decomp031t10n of the indole

- compounds. In order to effect. "Coprecipltation" of the
lcoelled cohpounds, one hundred—m1crogram$ each of TNH o
IAA .and TOL 'in 80% methanol were added to each fractlonf )
assoclated with the extraction procedure (i.e. liquld’ o'ﬁ

medlum, washlngsfaﬁdomethanol tlssue extract). This step
is based on the cssﬂmption that the minufe émountésof,‘hot'

o

compound will be earrled along with’ the relatave}y large
famounts of 'cold! carrier, allowing easyudetec;ion and
.collectlon‘ uAt‘tHéeindicated t;ﬁes,Athe,liguid mcd%um wag
pipetted off :ni;ade ‘up to ‘nefh:anol and stored in .the dark
at ~15°C fo?{subsequeﬁt analycisf Each sample of 100 leaf
dlscs wnq*ninsed onto a sintered gliss filter wWith 200 ml

cold distilled deionized water ccntaining approximately

. . e -
.oer - b . .

-




o L 379+
. ‘ o . /
1 x M unlabelled tryptamlne, The’aqueous washings A o
L] 2 .
were stored at +u C. The leaf discs were ground with a. e,

V\ L
I’ prechllled mortar and pestle contalnlng 5 ml 80% methanol : ¥
3 . - - 0‘2 ’

. ' and .02% Sodium diethyldithiocarbamate (DIQCA) for 4 ‘minutés

.
W

-

. +  (Mann and Jaworskl, 1970) The methanol/DIECA extmaetlon IR {

solution whlch contalned the gé%und tlssue was made up to S,

e DR . §:
.’ Y3

uO mi (final volume) with" the extraotlon solutlgn, rlnsed
" into a centrifuge tube of 50 ml capac1t¥1and stored at u C ‘{ﬁ
. . &

for 30 minutes with occaSLOnal stlrrlng The tubes were

a3

. , centrlfuged for 10 mifutes’ at 23 GOO x g and the supernatant s

e s
-]

PR -
et .
gRinc i a ]

o,

\\_decanted off anﬂ'saved The pelletbwas reextracted for an
' addltlonal 30 minutes ih uO ml cold 80%'methanol and .02%,

f

?-‘, . DIECA and subsequently centrbfuged at 23, 000 x g for 10
minutes. The sﬁbernafénts were . combiyed and the pellets A

e
.o B
o - ) .- ‘s;e

' stored at -15°C. . ) .
‘The methanol extrdcts were euapehéted?to ear dryméss.. . . " <

- at 35°C using a Buchner flas‘ eva;ior'ator. The sol’uhle L :
xtract resldues were taken up repeatedly 1n 5.0 ml (flnai° , l - ig

- ; volume) of methanoln The resultlng extracts were stored 1n
the dark at —15 C‘under 52 nltrogen atmosphereJuntxl sub-

.
ot

%
- sequent ana1y31s by’ TLC Total tlme ﬁor e*tractlon and TLC - ':7_%

' ana1y31s was under 72 hours« J o y

¢ v
. © G, .
‘ ) . . . q . T - 7 we " }

‘ Y . s s, ", .

1. 2 2.3 TLC Sepgratlon éf Indole Hetabolltes S

Precoated Eastman Chromagram sheets (20 cm x 20 cm) w1th
. ' -a 100 mu layer of Slllca gel (without fiﬁbfeacent 1nd1cator)
' were activated atrllﬂ OCefor 30 mjnutea befére use in order ;f bJﬁ

_¢:>‘ R . oy provxde a hlghly active‘aﬂsorption layer.. The' follow;ng ::”4/ 1
., . o _ . S0 | o SN I ,=;

3

e . . P - -

N . . 4 P . -
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©

fgolvent systems were evaluated for separatorx pr%Fert;Jg s ) ¢

and runnlng tlmes (1n hrackets) £,

. ‘minute§) (Ballin, 1964) -

‘ Of TAA from TNFI an‘ TOL W ah no evidence of deeccmposltion -

&
o
-]

)

. B ° . -

2 A - B

~ . \\ s

o

R K
‘ ’ g © . o ;

1) ethyl acetate—1sopropanol—water 65:24:11 v/v (75 .
. S - a

ii) isopropanol-ammonia-watef, 85:5:15 v/v (180 minutes)

(Kaldewey, 1968) . o - Ve

iii)_chloéoform—methanoleacetic acid, 75:20:5 v/v €55 ‘ . :
minhtes)'(Pillay'and‘Mehdi,'4968) . e , .
o . T N . . ’ \. . " - /)(

iv)’ chleroform-96% ethanol, 65:35 v/v (66 minutes) (Ballin,

1964) 7 L " ‘ . e

7 @ N N ’ B . . ° -
EN . " . <

v) chXoroform-acetic ACid,¢95:5 v/v (Pillay and Mehdi, . ,
’ ¢ * ! ' A .
. ‘e

- . > . o5

ig68) - g ° e
Q, o

'vi) cdrbon tetraphlorldenethanol l"lxy/v (80 mlnutes) 0

]

N

"(Sherw1n~and Purvrs, 1969) L ' R

L] “ " - e N - ]
° - v

Indole compounds were detected ‘on the thln layer plates
u51ng Van Urk's reagent (Kaldewey, 1968) " One gram oY’. .
U dlmethylamlnobenzaldehyde was dlssolved 1n 50 ml of. HG&
(den51ty approx. 1. 196 and 50 ml’ ethanol added Immedlately
after develbpment ‘the’ plates were,eprayed with this reagent
and then exposed to aqua™ regla‘wapors (HClaHNOa, 3:1 v/v)

.+ The neutnal solvent System (1) of Ballln (1964) - "was

¢ ) k]
N - . B :

selected sinee it gave excellent, reproducable separatxpns . 3

products (Table 7. 1) Further steps uded to‘av01d ~ ’

5

decomp031t10n of Lndole derlvﬁtives lncludeq spottlng the
s, - ' v

" TLC sheets under a gentleostneam gf nitregen and runnzng the =~ ¥

thin 1ayer plates 1n the dark at rbom temperature (ca. 5°C). ¢
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.Table 7.1, _Rf values and colour reactlons of 51mple indole
-, L ) R ,’ . . N ” " - . . o -
? derlvatlves. . . . CL
. PSRN o R o
. ) s i . . S ° o
. n° 3 ot N Urk “colour reaction )
7 Indocle derivative# Re value wet plate _'dry plate ° .
T o o oo M ' . o o ) o 7
. N = 5 - o A
AR . s B s - )'a j
1,7 Indole 3- lac ic §cmd \I1 . blue " ' dark blue,k -
Z.QIndole 3 glyqul;p - T S ’ , c, ) S
’ ac1d' B o L Eblourless opange yellow o

b 3. Trypiamlne . ) 15 colourless light blue o
4. Trytophan . ; ' 20‘_ °colourless‘ i!éht blue ‘<
D, Indole 3—acet1c acld ' .38 Tedﬁpurple alght blge

. &, 'Indole: 3 acetaldehyde *78 red—purple‘ pﬁrple )

. 1. TryptOphcl - ’ . i '.8} ; dark purp;e dank blue :q -
8, 3- 1ndole aldehyde . ‘7E:Q2 ¢ :colourless :qrapge ) P
* 2 n§ vf each 1ndo&e were,run 1n ethyl acetate 1sopropanol~ ?

. Water £5:24:11 v/v for 75 mxnutes at 25°C Runnlng ;oD

A & A .

.distance was 10 cm. Results presented from oné representatlve ©




Flfty mlcrollteps ‘of each\txssue or media extract
. * ¢ ~. _o'g -
contalnlng the labelled 1ndole compounds ‘were spotted at -
@ s o

‘2 com 1nterval§5 run for 10.0 cm and then drled at room . A

L]

' ‘temperature. A standard solutlonocontalnlng 2 pg each of |

TNH3,IAA and TOL was" routlnely ‘run adjacent to the labelled

samples. Prellmlnary experlments “indicated that nelther :

-

DIECA nor the tlssue extracts affected the R Values of’

@ @ ° .

- ° L e o

e

:the indole compounds.
No attempts Were made‘to'identifyfIPyA-among the

Alabelled ‘products of TRH,. The reasons for thiS'decision

'lncIuded the’ pronounced Anstabli;ty of ‘IPyA and, mora

1mportantly, the fallure of* IPyA to 1ncorporgre -a C label

from TNH —2—%”C durlng prevxous, andoexten31ve,_ tudles by

N e

W1ghtman (e g Gibson et al 197\\\“\Slmllarly, althougn

~the Rf zone correspond1ng to. TOL could 1nclude IAAld the‘

L g.,_.o
latter substance is unllkely to be present due to 1ts
1nstab111ty whereas TOL is QUlte stable and has been teadlly

Dy,
g R
demonstrated Jin. ﬁomatq extracts (Schnelder et al., 1972

'_Gibson' et al.% 1972)

@ 2

*

' 752.2.% .Liquid 801nt111at10n Countlng

The ind1v1dua1 spots on‘the developed thln 1ager°p1ates )

were cut out as 2 cm x 10,5, em stnlps. Indlvad 1 sectlons

c

% 0

’ ;‘., ,2 cm x .8 cin wer'ercu:t out' at Rf values fmm -.05 to 1{0

an&'1n61v1dually placed ln,iow background glase sclnti latlon
vzals (20 ml capac1ty) wg;h :5 ml methanol.' The capp@d '

vxals were shaken for 1 hour in theodark at room temperature
. X v




L BN
on a llnear shaker (180 cycles per m}nute) 1n order to .

elute the labelled 1ndoLg derivatlve. »Follow1ng the

-

olublllzatlon step, 12 ml of toluene’ based sc1nt111atlon

1

e

cocktall (Omnlfluor~ New England Nueiear Corp ) were

N
L

added to the 1nd1v1dué!'samp1es and subsequently counted

as counts per minute (cpm) in a Beckman 230 llquld Co

o
‘s o

secintillation counted for 10 minutes per samplexor until l
the 2 sigma counting errar dnsplayed fell Eo .2% of‘thé
gRoss countlng rate. Quantltatlve determlnatlons of label

distribytion were done oh the basis of totalling the net

- . . . - K °
"cpm for each radiocaective peak over the Re values of the
various indole components. Préliminary experiments were .’

‘carried out in which the labelle d TLC spots were eluted and

E . -
° oo B

o 'Gounted for 10 minutes. The !&llca gel support Was sub~

3

sequently removed and the v1al recounted for 10 minutes.

ra [—

Ero%,the-two eets—of—ccuntfdata, an estima¥e of lgbel
] . T . .

) solubilizdtion'intb the §cintiliation fluid was deter-
mined a5°‘5» R o
> 0, " -a . . ", o o £

o total net dample Gount rate w1thout support

2

total net sample count rate w1th support x;loo

% solublllzatlon - > ° e . ;,’ -

°

Although a con81stently high solubllizataon of over 90% .

was 1ndlcated the experlmental r/;nlts possess an - ', o
© Ve Tw !

unknown error factor due to the{blpha81c nature of" the 4

L)

*" counting system. S L . : ‘j' I

° 4 o o v

Pr;or to countlng,.a quench correctxon was made by

adjustlng the ga;n mode 80 that themexmernal standard ratio C




3 . . T
’ N -

v ,/. - . . ' E
- €S Yalue)'was close to .750. No appreciable colour or
bhemieal quenching.was observediin the samples with the S
values vabyiﬂg*éetween .75 and .77, The Backgrogndo‘

counting rate was subtracted from the grpss counting réte

o

to -give net sample.couﬁts per minute. The per bent

°eff1c1ency for counting at the gain .setting used was”

—

approx1mately Tu% .,

In view of the fact that each treatment conslsted

of two samples .which were, in turn, sampled tw1ce, for a

e

total of four determlnaxlons per treatment, the non-

‘ parametric Mann—w%itﬁey U-t@s% (Siegel, l956; Sokal and ’

Rdlf 1968) was used in preference to the, calculatlon of a“

two 31gma error factor based upon net sampllng countlng rate’
7

This choice of~statlst1cal evaluation was preferable due .to

'the complexltles of the latter analy51s for deallng w1th

-

samples. w1th1n samples. The Mgnn~Wh1tney U-test is the non-

pari etrlc equlvalent of the conventional t-test fer'analyslng

two 1ndependent samples w1thout the obllgatory requlrement for
normally dlstrlbuted data or homogenelty of varlances which
) are demanded of the latter test. Furthermore, the Mann-

{Jhltney U-test is icleally suited for small ample s:Lzes.

7.3.1 Culture Studles




s

invalve enhanced synthesis from IAA precursors, a series

of experiments was carried out in order to determine GA4

.effects”on the rooting response induced by various IAA .
it . 7 ,

©

precursors. Whén TPP was evaluated, a high concentration”

of GA
3

response (Iable 7¢§). A s;mllar observation was‘made'for

51gn1flcantly enhanced the TPP—lnduced regeneratlon

-éAs effects on TNHZ-induced‘rooting (Table 7.3). Further '8

revealed/that.the GA

/7 '
work‘w1tn TNH? 3

tently greater in young ekpanding~1eawes than‘;n mature ﬁg

‘response WAs consis-

P

leaves (fable 7.4) with an apparent‘requirement for such ' =

LY

accesgory factors as thlamlne, pyridoxal phosphate and
'ot.ketoglutaplc ac1d (Table 7.5). GA3 was progre551ve1ynmre
effective in enhancing TNH2 induced‘rootlng up to a concen-. >
_ - . .

tnatgon of 1 x 107° M GA (Table,7.6). GA7 gave essentially ° R

3

sxmnlar results (Table 7 7). Attempts to replace or modify
" the GA effect by ABA or Kn were unsuccessful (Table 7..8). . ' o)
"When, IPyA«was evaluated however, no GA3 enhanced rootlng

- was eV1dept regardless of IPyA concentratlon (Table 7 9) or

the presence of accessory factors (Table 7.10). TOL, wh1ch '7: . 3
,occurs on a branch pathway fromIAAld (see f;g 2. 1) gave a | g
sllght stlmdlatlon at hlgh concentratlons and this effect B 7, . 3
.was enhanced by GA3 (Table 7. 11) . ‘ oL e : .hﬁ

RS ILA, thCh occﬂrs on a possmble bvanch pathway from IPyA
(see rmg. '2.1)., has been descnzbed as a naxxve compound only
gln tomato wlth very weak blologlcal actix;ty 1n the ocat,
"wheat and maize coleoptxle teats and in the: pew stem test
(Schneider and nghtnan, 197u). Surpriszngly, ILA had very

hlgh root induc ,3 capabxlltles and they were considevably
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°

" . e

S ' . : . -
/\'}able-_?.?..‘GA'3 effects on rpb%ing in the dark in’ présence
or .absence of tryp;ép an. .

c

e o
-

Treatment % AN Mean numbger of roots per.disc.

-
2

Tryptophan GA3

B - .
.
. .~
;0 v
/ . P . - M
“ Y -
2 4 ’ .

0 1w 107° M L LWl a
0.  1x10°%M n o LA
0o 1 x 107 M o aa al T,
. 6)1 | | l .
1x10°% M 1x10°% M 0 .3 a
1x.100" M - | 1.2
1x iO- M

°

Y . . 4

s . i " .. . . N .‘ . R R .
Means followed by the same letter in a c¢olumn not dlffgrent
. o at 5% level. o - o L . C0
'Mean LPI, 7 3.3 ©
. ’ - /‘ o i s,
-A - ’ ‘ Al ’
’ ' T : "
S ‘ : ,
‘o, . .
L + o
¢t ' ;,' “ ‘e /,




- 'Tdble 7.3. GA, effects on'rooting in the dark in the ‘
. . S e . ) e, '
- R . presencé or .absence of.tryptamine.
“ ‘Treatment , , }"Iean‘.n‘umber of roots per distc
. . : - .. T . -“h > ’.9 ’

- Control el ¥ 0.0 ~a

GA; (Lx 107t 0.0 a.

[ q * . M » ’
TNH2 (1 x 100" M) - h X A B S S (

TNH, (2, x 107" M)

. 2 | ,
TNH, (1 x 107% M) + GA} .3 a

TNH, (2'x 107* M) +GA, S -1 2,9 b

1 —

N\ Means followed by the same letter in a column hot different

at §% leyel.

. " s v, . > -
Mean I..PI3 z 2.7 : ; . -
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., Table . 7.W. Effect of leaf age on GA3 stimulation of root'

-1

regeneratlon at different TNH?.concenfratlons.

-

i e ) B hd

. s - ’
» B . 5

- Mean number of roots per ‘disc

Treatment - ~ LT, = 2.0 . LPI, = 4.5 v

° 3 to. . A ' N ’ ‘ h '\‘
ol
Iy s [4 - N VR
3K - . . ot
Control . . . g ..l a o 0.0 -a .

/ - T
: TNH@ (1 x 16

S TNHz‘iz x 10

S w 3l bye - . 4 a,b -

fw .7 .a,b | .3 a,b
. K © ey h | E - , 4
TNH2 (3 x 10 )B ' . . L4 ) c‘u . Q,b o ! ou a,b‘.

- GA, (1 x 10'”- ) - ‘:SVQa,b 7 ,0.0 .4

o -GA'+ TNH (1 % 10 Y 201 ie,d o .8 a,b

GA, + TNH2 €2 x.lo Yt 2.8 a L 6 .a,p ™

Gy + TNH2 (3 % 10‘“ M) . 1.3 Be..o o .4 a,b

. - ' *

A ,Méané:folidéeQFbyjthejsém?_;effep in a éolumn,nof_differengk

at 5% level: g - . Tt .

- ]
- . "
. o
- - .
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»
° ‘ - ;
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"Table ,7.5. Effect of'GAa and various accessory factors on .
TNHé stimulation oT rootlng
" ‘. - . . . .
Treatment* . . Mean number roots per disc
Control |, . . a T 'OJ%S a B
' , . .. : ' - . -
TNH, (2 & 207 M) S 0.0 a°
GA; (1 x 10 ”'M} oo - '0.0 @&
TNH, + GA; -~ o a .0 ‘a | “
TNH, +.GA, + accessory factors - . 2 a. .
TNH; + GA, + vitamins (1 x 10 °M - 1.6 b '
TNH2 + CAS + accessory factors
+ vitamins C . 2.3 b
- TNHZ;+_;ccesso£§'factoﬁs . . L
. (5 x 1074 M) . . e 1 a e
~ ! * o . - A. e .
TNH, + vitamins . S © .3 a’
., TNH2 + accessory factors +- N ]
. vitamins =~ g - - © .3 . a
: ry .f g+ - L : . ;
.;TNH2 + accessory faogprs 5 CI ‘ .
vitamins + glycine=45 x 1077 M) ) u@ a
VTNH + GA Y accessory’ factors + S - : U -
'yitam1n8”+ glycine. o . 2.0. b
-*accessdry factors. § x 1678 M ut—ketoglutarm% acid, T

5 x 10~ “§ N pyrmdoxtl phosphate,vxtam;nn.l x 107" M ‘each of

.. thiamlne, pyrxdoxxne.;ndinicotinic ‘acid. A subséquent
experiment revealed that thiamine alone could. replace the
vitamin mixture, ' L ' .

Means followed by the sane letter in a column not different
at 5% 1evel \ - : ’

 Mean® LPI 2.1 - : . Ce ' ¢
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"Table 7.6. >GA3 coﬁcentration effects,on TNH2 ehhthementf

of root regeneration.

L4

Mean number of roots' per disc

Treatmerit - | -TNH,  4TNH, (2 x 1079M)

N

Gontrol

eA; (1 x 107° M)

- GA (1. x"1077 M)

6

3

+ GAg (1 x 107° M)
GA, (1 x 10-° M)

¥ M)

~ 2

Y

GA, (1 x 10~

3

[y

Means followed & the same _viettgx:'in a column’ not different

“at 5% 1 . B " .
s evel o | -

Mean LPI3 =

+

e o
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Table 7.]. -Effect of GA, and GA, on the enhancement of root .-, -

} régeneration. o , )
s b ‘ . * [of
) I : .
! . Mean number of roots per disc | .
. : ™~ - . - .
. \ -
Treatment ‘ . STNH,  *TNH, (2 x 107 M) .
. — e ‘ 7
Control R .2 a . .8 a .

GA, _ c
14 L ) ' i ‘.'\. o

(1 x Zb's My . .9 a,b 3.5 ¢ -
677 M) | ; 2.9 ¢ ., 4.3 ¢ :

GA, (1 x
GA, (1'x 107 ) 5 a 3.2 ¢
LoeA, A x27PM). T 2.1 be . %1 e :

: " Méans followed by the same letter in a column mot different
‘at 5% level.. - * ¢ -,
¢ » L . . . ' " . . . ]
Mean LPI, % 1.6° ~ . . - o . .
R ! - v .:» . . ‘ B
2 o ° . R
'.. o
“ "“ s ’3 [
4 o ‘ { °  # v,
# . . . o J N
- o M ' - .
. | : ‘ .
» ," . ., . ‘ . .
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Table 7.8. Effects of kinetin and ABA on the  TNH, -

, enhancement of root regeneration.
o . .

Treatment o Mean number of roots per‘disél
- 1 [ ]

TNX‘; x 10°% M) '
2 - ~ '
| TNH,; + GA o

(1 x 100" M)

3
TNH, + ABA"(1 x 107° M)
TNH, + ABA + GA,

TNH 6

o, *TKn (1'x 107° M)
S , ‘
TNH, + Kn + GA,
» * Kn (1 x 10”8 M)

+ Kn + GA

TNH

TNH, 3

T

Pﬁgahs followed by the saTe }etfér in a

 different at 5% level. . .’ -

Mean LPI; = 1.3




LY

Table 7.9

GA3

° regeneration.

e

v

o -

.

»

o

. ) ) ) P
effects gn IPyA stimulation eof root

5 °
> ¥

~ex

N

Treatment

Mean numbep of roots per disc.

a1

+GA; (1 x 107

N

M)

Control

IPyA (1 x
IPyA - (5 x
IPyA (1 x
IPyA (5 x
TPyA (1 x

~

~

10 - M)

M)

M) °

M)

<

M)

- 27

b.0a . *

3

6&;5. /

4]

.3 a .

3.6 &°
5.1 4d

4

0.0 a

0.0 a

Means followed by:the same

QifferEnt'

Méan'LPI3_

a

L ¢

at 5% level.

&
o

letteér in a coluimn not

Q
Ll

o

i
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Tabfe 7.10, Effects of accessory factors on IPyA stlmulatlon
) . of root regeneration. ' ‘ '
. Treatment# Méan'number of roots per digc
5 , . ofb‘t . . . L R : ."”
. - > .
. IPCyA (5 x 10:7 M) - 2.8 a ,
h IPyA + accéssary factors 3.8 a
IPYA + GA, (1 x wr - T w1 a g
- - o ) é » ; B
IPyA + GA3 + accessory factors 3.7, -a
) - . g ) - - ‘“ -
1 IPyA (1 x'1075 M) 1.4 b e -
IPyA + accessory factors 11.7 b
IPyA + GA; (I'x 1071 M) ~ o 104 . b
?iPyA‘+ GA, + atcessory factors 12.7 b -
i . *Accessory féctorS'inciude abketoglutaric acid (5 x 107% M)
~Yand pyrldoxal phosphafe (5 x 10 6 M)f
. Means f@;lowed by the same letter in a column not dlfferent .
s L. . Sy ‘. » )
” _at 5% level. - : o ' N L
Mean: LPI; = 2.6 o T SR S .
‘5 o . . ' - s a . 8 , . s
N . ° ¢ . e ® .‘° B “ . S ’ R
° A'/ . ,' o . . o . &' ; ., - - ., Y . ‘ v '
* ‘ " . '_ﬁ_x'v s \ ., ~ - ‘ D_ I “‘ ) ‘ ’ .
. T B ‘ . : ‘..’”‘* "' . " "‘ ‘ ° B ¢ o . - "0- ,A
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“;;‘ Tabde 7.11. TOLicénceqtratiényeffects’on root”regenefation‘

< -

4 -
- - e

im the presence or absence of éﬁs.
\ R N

.~

4
Q‘ <

Mean number; of roots per disc,

-

-

.

3

-t

. Treatment L . ‘ .—éAa . t6A, (1 x lpfuﬂM) S

Control, . o ’ 8.0 a-

S TOL (2 x 1077 M).. ~ | 0.0 a
. ¢

TOL (4 x 107° My. - 0.0 a

TOL (6 x 107° M) 0.0 a

TOL (8 x 107° M) : C 1l
« . ¢ 6 N . e T ‘ . - ¢ .
TOL (1 x 107" M)- © ©. " &5 a,b,c

i

(2 x-167° M) . - .8 b,
o AU

2

-* Means’ followed by the same®letter in'a

’

at 5%.leveih .

_Meqn LEI3 = 2.8 °

i




1 -
H.
{

“enhanced by GA, (Table 7.12). Unlike the TNHg/GA, response

"system, the GA promotlon of. rootlng in the ‘presence of

- section 7 2, 2 3) gave a 51ngle homogenous spot in terms of

- Van Urk reagent Thls resuit 1nd1ea§ed45 purg,ILA sample

-uimedlated effect on aux;n blosynthéSAs by pathway (l). bAs .-

. result, an evaluatlon ‘of GA effects .on the metabolism of

<

©

ILA was not enhanced further by such accessory factors as

pyrldoxaf.phosphate and-t—ketoglutarlc acid (Table-? 13), .

ngever, d¢3 was ppogresslvely moré effectlve in enhan01ng oy,

ILA- induced rootlng up to a concentration of 1'% 107 S M GA,’

(Table 7.14). No 1nteractxon was apparent between ILA“and

TNH in terms of the presence oy absence of GA (Table 7.15).

3
TLC separat!on of the commerc1al ILA preparathn (Slgma,

o

St. Lou;s, Mo ) with 30dxfferent solvent systems (see - ‘4
. TN

- ~

L

Uv fluorescence and @ po51t1ve coloyr reactlcn w1th the

C

anhd suggested that no 1ndole 1mpur1t1es could account for
. . . Ly
the obServatlons.-} . R

(3
° .

7;3.2 -Radiotracer Studies - .- = - e .

“ . Lt .-'
Althcugh ILA gave 3 more pronounced/iesponse in the "_

fpresenee ‘of GA3 than ’I“NH2 and GAB’ its effec; was gotally:

‘unexpected -in v;ew of the lack.of response w;th IPyA "and’

the fact that tomato 1s the only speeles known to contaln

Al

°ILA ' Furthermore, very weak blologlcal act1v1ty was aecorded

to ILA. and the bulk of the llterature suggested a GA “,f I

I ;.‘A'-n

a

TNH2-2—1 C in tomato leaf dlscs cultured- in vi%ro over a 24

hour period was’ carrzed out as 0 1ned in sectign 7.2, 2. Ty,
B . C e . ‘ . ,'. £ '

e L] I . o

°

-
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Table 7.12. ILA concentration effects on reot regeneration

il

in the’ﬁréseﬁce_or°ébsénce of GA3(1 X 10*9M)\‘

’ <

<

a

¥

" ~ Mean number of roots per disc

M . ‘. ! : : ' . ’ ' ) . '

Treatment i . _3+GA3
- . ¢ .

2

* .

Control ° .

ILA (1 x 10°%

6

5.

ILA (5 x 107
iLA_(l x.io'
ILA (2

ILA (4

ILA (6 x.

¢

e

]

o °

‘Meaﬁs followed by the'same-lettegoin'a column not differenf

®

"at,Sé level. ’ . L : {\

2.1 °

.

Mean LP13‘$
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' Table 7.13.° Effects of accessory factors on ILA stimulation .
o . . . ’ - e, -
of root regeneration. ' T e

Treatmen{* 3 ‘Mean number of roots per’ disg

ILA (1 x 1078 @ , Se2 e

ILA + accessory factors . T s "a

CILA 4 GA, (I'x 1070 M) N 1.1 a,b

JLA + GA3 +saccessory factors 1.7 b

ILA A1 ¥ 107° M) - o .2 c,d : »
ILA ¢ aéée,,ssor‘yﬂ factors - B 3.6 ¢ ° )

TLA + AL (1 x 2070 W) - 5.4 4

‘ILA + GA’é + alccesso'ry. factors .. 5.1 c,d .

- : l

*Access'm:'y factors include ~<-ketoglutaric acid (5 x 10'6 M)

and pyridexal phosphate (5 x lOfG' M.

Means fbllowe& by the same letter in.a column not diffe'rre‘nt

at 5% level. : .

Mean LPI, = 2.1 ~ - S L

4
.. -/ ;’
' L
P . = ‘
/i hd - . ".
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Table 7.1u4. GA, concentration effects on ILA ephancement L.
~ &f root regeneration. T “ ' ’
. | s a N
s . . " .Mean number of roots per dise

Treatment ) ; C O -ILA ’i+ILA (2 x 107° M)

[

Control ff 0.0a 5.7 b .z

GA, (1 x 1078 M)

GA

ez

s

5 (1 x lOZiVM) , Wl a © - 8.0 Db,

oA

GA, (1 x 107° M) ‘ 0.0 a 8.2 bye T

GA, (1 x }0:5 M) S . o <';l a - . 8.5 ¢ .” . LA
3 ’ . - . ’\ e . s ) .
Gay (1 x 1071 M) 0.0 a 8.2 b,c

o

>

Means followed by the same letter in a column not different

at 5% level. o . - : o B - ,

4

K]

Mean LPI =J?.3

3

o, MM mlat

PoiT W il

-
-
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Table 7.15.

Effect of high TNH, éoncentration‘oﬁ %pe

enhancement of rooting By ILA in the presence .

'Qf absence of GA, . )
‘ ; " Mean number of roots per Aisc§ .

Treatmeht R i . T ~GA ; +GA3 (1 x }0-5 M)'

) ‘ — - T _ ) A
Control & ° . o 0.0 a = .1 a :
ILA (1 x 10_6 M) D % .2 a | .3 a,b
ILA (1 x 1q‘§,M) fl , f“fa;u d 5.5 e,f )
ILA (2 x 107° M) . - _“ ' 6.6 f 8.7 g
TNH, (1 x;lO-uLM); e 2. a,b- 1.6 o |
TNH, + ILA (1 x 107° M) 5 an . 1.2 bye
TNH2,+ ILA (1 §'10’§Ju)f L8456 d,e 5.2 e;f
‘?NH2‘+ 1LA (2 x 1075 My 'é.u e,f - é.y‘ g

Means -followed by the same letter in a column not difﬁeréﬁt

at 5% level. ©-- ”
Mean LPI; = 2.5 -,
o
\ - ”

2
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- A preliminary experiment confirmed the suspicion that

AP ' TNH2—2-}uC'couldﬂbe converted into IAA within the leaf

L © “tissue duringa'ZM hour incubation period. Control flasks

without tissue‘gave'no evidence of any spontanecnS'break— . : . o
down of TNH —2-luc into IAA during'the 24 hours. Consequently,

. . 9 *
dupllcate samples  of 100 discs per 5 ml incubation medium

.

Ty

_eontalnlng 2. me of TNH232~1FC wereaprepared as .outlined in

section 7.2.2’and sampled at 6, 12 and 24 hours-: after the
start of the experiment.. The results indicated that IAA

was synthesized in-the tissue within 6 hours after exposure

é-z-lﬁc (Fig. 7.1). Increased iabel incorporation

1nto IAA was apparent at progre531vely later times with jz,

‘to TNH

apparent effect of GA., on the 1ncorpcrat10n (Fig. 7.2 .an
3

7.3). However, an analy81s ©of the net count rate data dldr

.1ndlcate a GA3 mediated decrease in the 1evel of 1ncorporatlon

[
.

ax f2 hours 1nto the radiocactive peak at Rf .70 - .BS whlch
includes the .indole metabolltes TOL, IAAld, and Iald (Table
7. 16). No ev1dence was\found tq suppovt the 1dea of extra-’
A cellular synthe51s or leachlng df IAA from the tissues
e (Fig. 7 4). Over 90% of the *pplled %adloact1v1ty .was re-’
covered af%er 24 hours 1ncubatfbn in the presence or absence

- r

© of GAe (i. e. 1ncubat10n medlum, 35~ MO% dlstllled water . .

washlng, 20-25%; methanol soluble tlssue extract 30-37%;

» * .

; and-pellet, 1%).. . )
C Ve T
: L P_i.-f_el.ezéea, Lo
' The culture experinents 1ndicate that the enhancement ' - -

of vooting by GA3 can be related £6 specific 1AM precursors

. s .
* . s
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1

TLC distribution, of labelled tryptamine metabolites

in tissue -éxtracts afte® 6 hour ;ncubafion‘in the

presence (---) or absence (—) of 1 x 107° M

~GA3. Thezfadioactivity.ia'expressgd as counts

per minute (cpm) and is. uncorrected for a back-
! . ° o

- ground count of 36.5 cpm. ’ -

»
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Figure 7.2." TLC distributibﬁ of labelled tryptamine metabolites

- .

in tissue extracts’after 12 hour incubation in fhe

oy,

b .

presence (---~) or absence (—) of 1 x 107> M

T GA5. Radioactivity (cpm x 102) is pncorrected for

n -
background of 38.9 cpm. ' .
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Figure 7.3. - TLC distr@butiohlof labelled tryptamine metabolites,

. in tissue extracts after 2u hour‘iﬁcubgtion in the

5 2 S
,.M GA3‘0‘

L

presence (~---) or absence (~—) of 1 x 10~

_ Radioactivity (¢pm x 103),ié_uncbfrecfed for back—.”

! ggound Of 38. 6 Cpmo . ' N S ' N . ‘ »
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TLC dlstrlbution of labelled tryp¢am1ne metabo}ltes'

-

.

in tissue medla after 2& Jour 1ncubat10n in the.' \

-—5 L)
.M GA3 o

Radloact1v1ty (cpm X 1023 is uncoprected for back-

l a

presence’(—Qé) or ébsence (~—=) of lix‘io

P

ground of u43. 0 cpm. _ o °
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,metabollsm (Percival, Purves and . Vlckery, 1973 as c1ted 1n“ .

.study did not demonstrate ‘any. stimulatory effects of GA3

such ‘ag TPP, TNH, and ILA and, hence, coi,xld‘:itn,volve"a‘GA3 "
meaiaéed increée? in endogenoys auxin leveISce fﬁe preeent

on IPyA lnduCed rooting. -Altho & GA 4 stimulafed:TOL

induced rooting, the response appeared eesentiglly.

ad itiye wi?h no iﬁdicetion of a direct interactionibetween'
égz twe substances. Furthebmore{ GA3 has’'no effecdt on

o .
tryptophol. oxidase isolated from .cucumber shoots which

i ) -

suggests (barring a species spetific response) that the

GA3 mechanism of action does not re51de dlrectly in TOL .

Schneider and Wightman, .1974). ' . )

The reeul%s with Té? and TNHzlagree Qith'resultsifr;m
nen-regenerating sysfemssiﬁ the sense tﬁat the Gé3 effect
appears to be related to pathway (l). Subsgquent expefimentsa
dealing with the“GAé'enhaneement of TNH& induced rooting
have indicated the'fbllowing: (i) the GAa indueee'rés;onse
is eencentgation depéndent; (ii) inqreaeed rooting is

further enhanced by such accessary factors aSacfketoglutaric

acid and pypadoxal phogphate which are known to be co-factors

"for'a numbef?of:enzymes involved in IAA biosynthesis ie.g.

tryptophan-decarboxylase, amine oxidase); (iii) GA,-can be

‘5‘ replaced by GA7, and (1v) the GA5 effect cannot be replaced

by either Kn or ABA. Although radlotracer studies conflrm

.. the Suggeéglon by Wxghtman (1973) “that act1ve IAA synthe51s

can take pl&ce within young tomato tlssue fram TNH2, the*

present experlment failed to conflrm,ny ﬁ?pothesxs ‘ 'w“ he

.
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that ‘the GA3f

cultured tomato leaf

effect o) the stimulation of rooting in

iscs can be related to enhanced con-
version of TNH, to IAA. Furthermore, no extracellular

-

synthesis or leeching of labelled IAA was.evident in either-

the GA, treated or control materials after 24 hour -
. - ' ‘ 3

incubation ‘These results differ from Black's observations’

that extracellular synthe51s of JAA from TPP d1d occur

2

after 48 hours in media whlch had prev1ously supported

.«&he growth of soybean callus tissue for 2 to 1% days

(Black, 1970. .
’ N ’ . H -
Howeven&i;;s)qkperiment odtlined above cannot be con-

*

sidered ds deffnitive proof for a- lack of GA, involvement
in pathﬁay (1 ds no coﬁsideration was giveh t0 such aspects .
as uptake rates, 1ntracellu1ar compartmentatlon‘.g 1ndole

compounds and turnover of metabolites. Gla521ou (1969)

has outllned the problems faced with radlotracer 1ncorporatlon~

studles and glves the follow1ng example for a hypothetlcal )

labelled precuxrsor A*. - . . ST
- ’ ) [ 3 ' - . ¢
AKX ——> A% > *C-——-»breakdown products
. “«  tissue . L precursor - s .
"« Dboundary " - pools = " o ; .

“According to Glasiiou (1969),. "the labelled brecursor A*
N ." ) . , ‘r‘ .' \-'. :
iB added to the, medium with‘and Without‘regulatory substance

, -

and a d1fference in radloact1v1ty in C 1q'taken to indicdte
an - effect on its synthe81s or -tyrnover. In fact if thef
regulatory substqpce affected the rates of any of the

¢

reactions by anyvmeans, 1t would almost certainly change




.

” shoot tlssue) ha#e been recerded in tomato whzch suggests

413

the'amount of‘radioaqxivity appearing in C. TFor example,.

assumlng it accelerated the formatlon of B from.intracellular
5.
pools, it could concelvaﬂiy double the pool ssize of B

decrease {ts specific_activity to half«or con51denably o
et - * ® o« “

less, and change the rate'of .synthesis of C not at all or
. ’ + ' . " - ' . ) E

-up to,doublé. The amount of radioactivity in C could

!

ea51ly reglster a decrease under c1rcumstances in whlch L~

synthe51s of C 1ncreased" Consequently, the present
~ results 1ndlcate‘on1y the presence of 1ntrace11u1af blo-“

synthesis of‘IAA from TNH,. Further experiments with a

a

"pulse chase" de51gn are necessary in order to evaluate
problems of uptake, compartment‘klon and turnover and the

‘efféct that GA3 has upon these factprs.
")

W1ghtman has suggested that the IPyA -route to IAA-

could be the main auxin pathway in tomato (Wightman, 1973).

o

However, the present evidence from radiotracer work indicates
. ) . - - . ) o, ‘ ) . }
a rapid (i.e. within 6 hours) and high incorporation rate

f 1% 1abe1. from TNH! -3l into' IAA in young leaf material.

/
' Thls nesult suggests that” the TNH2 route could behas 1mportant
ag the IPyA route 1n tomato - espec1a11y 1n young eXpandlng k.
tomato leaves where hlgh levels of IAA"are known to occur r

(Schnelder et al., 1972' W1ghtman, 197?) Furthermore,

,exceptlonally hlgh levels of TﬁH i,e. 1000 ng/kg fresh wt

that fluctuatlons in the levels of either endogenous S oo

h—

glbberelllns or TNH2, or both, could have impo nt coh—
e

. ; sequences on ehdogenoﬂs IAA synthesis andy*ultimately, plant

' N
/. \z . ) B .
»
o, Y © co. %

L ) .
T . v -

. -
- .. . . o . i
A - i . .
v I
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f
- R

-




} SN S ¥

cevelopment. It should be'noted that'the main pathway to
‘ - . . }
‘. IAA in at- 1east two other plant spec1es (1 e. cucumber and

oats; Sherwln and Purves, 1969) proceeds via TNH2 rather 4
than- IPyA. Extensive studies by, Muir and Lantlcan (1968)‘

lndlcate that GA3 promotes the conversion of both TPP and |,
y ' '

- : TNH2 to IAA by ah enzyme system from cat coleoptlle tlssue

However, the same workers hoted that GA3 appeared tp promote

| - . the conversion rate'of“TPP to IAA in pea aplces (cv

L4

2 They suggested -

that the GA effect 1nvolved the decarboxylatlon of TPP to .

. Little Marvel Y but not the conver51on of TNH

TNH and not. the ox1dat10n of TNH to IAAld ThlS COn— <

2
, . c1u51on has been supported by. Valdov1nos and Ernest (1966)

. »

who noted that GA3~caused an 1ncrease in the evolutlon of

label}ed C0, from TPP- l—; C supplied to. macerates of |

thtle Marvelvapical tissue. QAlthough the Avena curvature"'

test-was.used as the auxin assay inuthe enperiments of Laritican

. N and Muir',-'subsequeg wor-k wlth TPP- 1- C has supported the
Qobservatlon that GA doubled the initial conver51on rate of
TPP to TAA when GA; was applled to cell- free extracts ,of oat ;
coleopt}les (Valdov1nos and Sastry, 1968) However “the
latter authors suggest that the GA3 effect on auxin formatlon
probably 1nvolves the TNH2 td IAA step although the prec13e -
‘gite of actionm is unknown . - e

The use o} in !1122 or'éell free extracts to. demonstrate

GA, enhancement effects on IAA synthesls ffom TPP or TNH :

;o fxndicate a direct; although. presently unknown mode of

. -
- ° -

A;qetlon., ‘Although Valdovinosuand Sastry'(lqsa) have"
. » o B B . R ‘ . .




Wightman, '197i)b~ The elmllar Rf value Petween ILA and TIAA .

speculated ihat the'site'of actien’may'be at the ribosomal -
1evei, no substantive eviaence has appeared (e.g:. that

proteln synthesis occurs in their systems) An interesting,

-although invariably 1gnored observatlon has been made by

Lantican and Mulr (1967) whlch.may prOV1de’some xnsmghtlnto

'the p0551ble 31te of GA3 action. Using a cell- free enzyme

ppeparatlon from oat coleoptlles which was capable of

synthe5121ng IAA from TPP, z;ef observed that GA3,add1tions

;to the enzyme extract resto ed the enzyme s act1v1ty whlch

was lost by d131ysxs. In view of their use of the\lvena

‘curvature bloassay to monltor IAA synthe51s In the enzyme

prepaﬁetions,.further work with labelled preeursors is hlghly ‘
. . :

desirablevwith a view to 1) extractlng and characterlzlng

2the tryptophan decarboxylase ‘and amane oxidase enzymes; e

L

and 2) evaluatlng the pos51b1e role of GA3 ab a post-

tpanslatlonal effector substance (&.g. an ‘enzyme

" . Pofactor mol&cule). ‘ o . i r . '

The results obtained with-ILA‘were surprising and un-

‘fortunately; were made too late in this study to fully

eveluate?the problem._ Although this indole derivative has
been described only in tomato, Wightman suggests that it may

be present in othef spécies"as well7(Schneider, Gibsbn and’

in a number of PC and TLC solvent systems and -the tendency
to monltor indole compounds on the basls of colorlmetr1c
reactlon and bzological assay Only nay be responszble £or

1tsy14ek of'detect;on. The pvonounced Activity of ILA in

- - et
Lo . N LI, ca -

. .
e ) . o = . e . .
. . . . .. . . -' .




thlS root regeneratlng system and the apparent enhancement

of ILA induced regeneratlon by GA3 suggests that GA3 may _ : . ¥

directly affect thé metabolism of ILA either i) by pre-

v

'venting.itsafurther‘metabolism anc causing it (and possibly . : 2\‘;?
. IPyA) to~accumn1ate.mithin the tissues which- would in’ ®urn . | ';
lead iofincreased endogenogs‘¥AA levels; or.ii) by enhancing s *
the.metaboiism of.ILA into a more act%ve (and presently i

" unknown) indole auxin‘ With regard to ii), it is impo;fant . _3
to note that the auxin literature over the past 25 yfars'

has cons1stent1y pointed out the p0531b111ty of other

o .

'naturally occurlng indole auxins such as IPA and IBA whlch T ‘%

oy

”' ’ may be derived from dlfferent 1ndole 1ntermed1ates in the

IAA pathway (e.g. see. 1nd1v1dual papers by Blommaert, 195&

Fischer, 1954 Linser, Mayr and Maschek 1954 Melchlor,
1953 Bayer, 19693 and review by Fawcett 1961) In the

tomato root regeneratlon system 1t has been shown experl-

’ x

v mentally that " both IPA and,IBA are highly active in l -

13

stimulating root regeneration if supplied exogenously.

Removal of . the hydroxyl'group from the carbon 2 position,of

e T v T L

the 3 carbon s1de chaln would change ILA to IPA Whether
such a reactlon is possible in this specles is. presently

unknown.‘ Nevertheless, the natural occurrence qf other

!

: indole aux1ns w1th blologlcal act1v1t1es as great or greater

than IAA "warrants furthen/study 1n order to dellneate thelr

)

’blosynthetic pathways and ultlmete relationship to the

plant's. development. - ‘ : ' o ," M

c . R
e, . 0 . ) . .
oy . . -
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- CHAPTER 8
K »
SUMMARY .AND CONCLUSIONS o

T. H. Morgan is reputed to have said, in a lighter

moment; that since he‘had'been_unable to'sqlve the problem
of'regene}ation,,heihad_decided to try somethihg easier

such as the probiemiof heredity (Bonner, 1963). Similar ' ,

]

feelings are prevalent today. "Nevertheless-. although the

problem of regeneration is quite complex, attempis continue

- . ) i a

" t® be made towards delineating regenerative processeé with. . -

the ultimate goal pf describing (and explaining) denelepmental \
events. in biochemicai‘terms. A necessary preliminary step

in this dlrectlon must encompass the development and

*

evaluation of a suitable regeneratlon system whlch will be ,
amenable tp biochemical probinéﬁ In‘this regard,'the
usefulhess of the morphological index,'LPIQ for describing

tomato leaf development and root regeneration capacity from

« B

~

leaf cuttings cannot be over-emphasized.

In the present study of tomatoleaf development the . - AE

' LPI has prov1i§d a ppeclse and~reproduclble yardstlck by

whzch quantlta ively’ deéined events of 1eaf growth and

development can be related to speleic qualitatlve aspects .

of the leaf’s ontogeny. This study is the first. detalled

e ‘ . -
. L
417 = - o
" ¢ - . . .
© ¢, . . . - o
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analysis of tomato leaf ontogeny a§ well as the first

descrlptlon of a compound 1eaf whlch exhibits a’ ba51petal .
sequence of leaflet 1n1t1atlon Hopefully, this r&port.
w111 correctothe mlsconceptlon held by some phy51ologlsts
'that th; tomato plant is a "thsted dletortlon of the
ordinary rules of plant ercnltecture" (see section 3.1).
‘Besides enlerging upon Bedesemﬂs (13?8)'summery of. tomato.
leaf on;ogeny, the present etudy cogtects some of his in%er&l
pretive errors and'explores the relatively untOuched'
debe}opmentel'problem.of,minob vein ontogeny.’AContnapy‘to
» i‘ previous‘studies, I was able to derive é‘generaliZeq
e sequence of stages for minor‘vein ontogeny (see Figure 3.17)
baeed upon extensive studies of cieared and sectioned
° tomato leaf lamlna tissues which were v1ewed paradermally
as origlnally suggested by Foster (IQS%B Furthermore,
this study of tomato leaf lamlna and vein development haé‘h
uncovered hlstologlcal ev1dence to support the concept of

morphologlcal fields" in terms of a close 1nterp1ay between

K
v 1

..planes of mesophyll cell division and subsequent minor vein

ontogeny. These events will~prob3bly be found to encoﬁpaSs

i

both subtle changes 1n hormonal/nuﬁrltlonal flelds and blO- ’
phy51cally deflned stresses on the individual cells of the

growlng ’organ. S

; | If we hypdthesize leaf form. as the end nesult of the .

., relatlve act1v1ty and duratlon of flve 1nterrelated merlstems

T wlth;n the leaf primordium, then. further researthlnto leef

R

_ontogeny muet. concentrate .on the quahtifétive“evaluation"of
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. meristeﬁatie activity and mﬁst include a delineation of cell
cydle 3ppulatlons within the dlffeg;nt tissue regions. The g
- usgaot single gene ‘mutants Wthh affect leaf form gt O~;;,
dl‘erenp stages ’J.n the prlmordlum s development Mmay be .
{/ ‘ used aévaﬁtageouqu in this regard.;.At'present; the

" literature contains exceptionaily-few attempts to, examiqe ' ~(\
»fhis neglectea yet. impertant developmental problem
. Closely related to the leaf's developmental state is
that leaf's ability to regenerate organ53when severegd or o 4
o physiélogicaliy isdia{ed from the remaining plant bodys
The present'study of root regeneration from togeto_xé f

! ’ I

cuttings has validated this concept with shbsequenx use of

‘ﬁhe LPI for studies eentebiqg on the reguietioﬁ of regeneration
by GAé. —Contreryvto an earlier suggestion .put forth by
fhorpe and biskassoeiates (Thbrpe and°Meier,=197ua; 1974b)
that GA, inhibits-stercy'accemulatioh and subsequent shoot

primordium formation iﬂ tobacco callus'cuitures peimaﬁily -

by increésing‘éhe content ef tye'starch‘h;drolxzing enzyme, ) i

- a&—amylaee!'the,ﬁreseﬁt study prqvi&éé evidence whicﬁ suggeefs

| :e initiai GAa‘effect.doeé not involve increaeed stereh

noly31s.  Rather GA éppears to'inhiﬁit‘localize&‘starcﬁ

' synihesls in the 1h01p1ent root prlmordla reglons legding to
’a'subse t fﬁllure to produce prlmordxa. Furthér work in .

»

this are; sgould lnclude ,an evaluatlon of . the specxflc
J ~ »
'ﬁct1v1t1es bf the plastid locallzed starch synthes;zlng L

, enzymes a8 well as their syntheszs and turnover“as affected *i_

by éxs . The role of starch’ synthesleng plastlds in organ . &

5




. @ number of exterpal factors such as organic and .inorganic .

root primordia could originate from two distinct types of
'bally "nomai" for'fnduced'poot primordia. Histochemical

-total-and basic protein staining ef the nucleolus and
‘cytoplasm paralleled “the ancreased RNA lévels and probably

. 51gn1f1ed the onset‘ff 1ncreased rlbosomal synthe51s

regeneration has never been considered until now.and should

be explored at the biochemical level,

A second réot'regeneration.system was‘developed which
. @ ,/
utilized 5 mm diameter tomato leafﬁiiics cultungd in vitros .
When the leaf dlSCS were pultured aseptically en deflned

3 - »

© - L

nutrient media; root regeneration was totally dependent on

-,

o . . < . .
nutrients and hormones of the auxin class. Furthermore,*

.‘K" . . _
tissues simultaneocusly, i.e. type I primordia from the ‘ : ,‘

v

phloem parenchyma of the primany and’secondany veins, and

.
] '

type II primordia from the sheath parenchyma of the minor ) SN

*

velns. However, the rogts fnomrboth sites were hlstologl- e
studles at the llght m1croscopy~level establlshed that the
dedlfferentlgklon —y ,merlstem01d sequence was accompanled

by IOcallzed 1ncreases'in:nuclear-and cytoplasmic RNA as

well as increased nﬁdlearlend‘nucleolar volumes.” Increased #

¥

necessary foz’tubsequent synthesis of protelns whlch was,

&

in. turn,~necessary for organ formatlon.

Although crystallxne prdteln mlcrobodles deVeloped ln

»

the organogenic apgd - non-organogenlc tomato leaf dascs, they

were lnterp£3ted as perox&somes rather than profeln storage'
/

bodles‘ Slmllar4crysta111ne 1nc1u310ns wére observed 1n

.

- »
[ * - a g




tdﬁeceo callus cultures and were hypothesihed:to be

) %nvolved in supplying substratesfor-déﬁelo;ina'shoot‘:
pleOFdia 1n the callus.cu}Vures (Ross'et al,, 1973) f .
eﬂ;hoqgh ;i§v1ous work (Matsushlmo et.al., 1969; Mateuehimo;

1971) appears to have dlscounted this idea. Preseﬁt evidence

supports the concept of a 31multaneous, yet essentlally .
* .,/.'}‘-:r ’
independent, development of perox1éomes assoc1ated W1th

-
>

increQSee photoresplratory acf1V1ty of the culfured tissues:

&

s 3 N - : . ;
. The’ 3se of the tomato leaf disc sysxem’has5revealed

P

.

mufﬁlple roles of GA3 in the inhdbition of'rooting:-
. 1) an early 1nh1b1tory effect (ite. during the in¥tial 48

hours of‘culture) ghlch “can be related to a GA3r1nduced :
fallmre to apldly §ccumu1ate stareh within the 1éaf txesue;
. @ 2)_a late nhibitopyﬁefféct which'can be related to'a GA;
mediated de tpuc£30n‘of late fbrﬁing primordia byia
‘.parenchymatlzatlon1p;00ess which oas its orlgxn 1n an
. earller GA effect on growth %tlmu%atlon of the adjacent ST

h

&
corticaI parenchyaa.~ . S ’ .

3) an 1nh1b1t10n of merlsﬁemolﬁ formation. from sheath

L - *

parenchyma derﬁvatlves surround}ng the minor ve%ns. Th;s

‘1nh1b1t10n\would 1nsure‘en absence”of type 11 prlmordid !
o . - . ’ .
: ¢ . ' v
_ formation. - .o . S .

N TSN e, L
Turther work with the leaf ‘distc culture sys®em th;.

.
st

revealed an apparent GA3 stimulation of rooting in continuous

v et

darkness Whlch oan be relatedﬂxo the speelfnc auxin p{/
,cupsors, TPP INQé and ILA., Attqmpts to stu&y {he poselble
(;A3 effects on endogenous IAA synthesls through the Q

K J

I *

Loy




-

: contlnuous feeding of TNH —2--#b over a 24 hour pé?lod
-/

revealed no significant effeﬁts ‘on label incorporation ‘into I

IAA although TAA synthe51s was. detected within 6 hours e

c

» after the- 1n1t1atlonxof/the experlmedk As ﬂo‘nted out in

sectlon 7.4, the present experlment cannot be ¢ n51dered

[N

as definite proof for a lack ¢f GAI3 involvement in the -
; X N e
. “ . . .
'Synthehis{of IAA friom TNH2 as no consideration was given
- . ‘ to such aépects as uptake rates;-intracellular compartmenta-

tlon of indole compounds and “turnover of metabolites.

Further quantltatlve studles are ‘needed in. these areas.

)
rd

The observation that ILA is a hlghly actlve 1ndole

* derlvatlve in*the 1nduct10n of rooting 'in tomato leaf dlSCS
culthred.ig vitro .and can be fuqﬁher increased in’activity

. ‘by-GA3’%g;quite eurpfisingzend withoﬁtgpreoedent'in the

". ) liter&ure. As noted in ChapterA§ ILA has been reported

«only in tomato although 1ts absence in other species may
51mp1y‘be due to lack -of detection. Whethep GA3 ptevents

"its;hreakdown leading to increésed’iLA {and poSSibly'IPyAzl

_leyels or enhances the synthesis of a-highly active (and. .

pnesently hnknown) indole auxiﬂffrom ILA is unknown‘ The

®o

’Ilterature has con51stently pointed out the poss1b111ty of

other naturally occurrmng 1ndole aux1ns such as IPA and

.

- IBA. 'Furthermore, nghtHEUL(1873) has, recently'uncovered a - 'H‘
~ o )
: : separate endogenous auxin pathway whlch converts phenylalanlne i

14

f . to the weak growth-promoting substance, phenylacetlc ac1d
' ‘: o ) It is apparent that thls area of hormonjl phy51ology Z.,'o
. < ’ls rtse for detalled metabollc stud;es on th orzglna and '

v e R ¥ . ® ,
. . . -

- T ‘ ‘ e




° -~
. R .

)

fates of endogenous -indole auxins. The rélevance of these

o

?

, additional, apd as yet.uncharacterized; auxin pathways ta

the plant's growth and develdpmen% remain te be uncovered.

3
~ ¢ » 1 . : N 3
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"APPENDIX " . .
/' . Lo . * R
R , . STARCH STAINING TECHNIQUE . o
’ : P ' . V4 . o o

L] ’ .

1. Introduction - : »

During a histochemical-examination of adventitious root '
. ‘ R : . B

initiation- from. tomato leaf discs cultured in vitro (see

’ . Chdpter 5), attempt o stain starch gréins within the fixed
. fap pPt§ ‘

tissue sectioné ué;pg-IKI solutions.(Jensen, 1362) were
. - '
’unsuccéésful althouéh'sfarch was readily demonstrated in -
fresh tissue,prepara;ions: Tne alternative method available ‘
toathe plant histologist (i.e. the PAS me%hod: Jensen, 1965) |
utlllzes a very llght sen51t1ve and 1ab11e stain and is quite
~time donsumlig, with: numerous oteps in the procedure.

A ’ Portunately, hlstochemlsts have developed a number of

. ‘ technlques f?r staining glycogen, a macromolecule sxmllar

-
4

in comp081tlon to the amylopectln component df starch
dithough dlfferlng in the number of glucose re31dues found
iy the 81dé.bpanch§s. O0f the gethods available, the
. '~ demonstration of‘giycog;n‘ny neans of siivé; complex
formatlon is relatlvely spe01f1c and glves a dark metalliec ~
C lb deposlt whlch‘is read;ly photographed (Pearse, 1968) The d IR

silver methods are in general, simllar to the PAS method

1n the sense that they employ acld hydrolysie andioxldatlon

. . o .
° " PR » - i . ©

azy
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525

of the glucose'residues to revealjaldehyde groups in the
polysaccharsde chain prior~to"their combinétion with silver;
However, the avallable methods are stlll lengthy Purther—-,
more, no attempts have been made to adapt these silver me;pods
to plant materlalsz Consequently, the follow1ng procedure
(i.e. the Periodic-acid—ammonical silver or PAAS method) for
starch stalnlng by means of a s;lver complex was developed

as a 31mpld3alternatlv"to the two conventlonal hlstochemlcal

“procedures for the characterization of starch.

-+
& .

)

2. Materiéls and Methods

v

* Due to the large dep031ts Of starch found in the root

-

cap cells, adventltlous roots induced on defined culture
w

L4

medla from tomato le%f dlSCS (see section 5.2) were sub-

sequently fixed in cold 10% formalin in Y Mpﬁosphat:fbuffer

’

(pH 7.1) for 1 - 1 1/2 hours. . Subsequen dehydration, em-

bedding and longltudanal sectlonlng of the root tlps at 5 A

were carrled out using the standard mlcrotechnlques of .

» Jensen (1962) Follow1ng dewax1ng, hydratlon and brlef

washlng in tap water the stalnlng procedure was carrled

A

out as follows A SN /

( ' -

1. ImmerFe slrdes in S% aqueous perlodlc acrd for 60 ;'

) “
mlnutes t %0°C Varlations of this treatment and ‘their . -

]

consequences for starch sta1n1ngf;re lasted in tablé-l.

Control sections were untreated . ..

o

2. Wash slldes in 3 to u ohanges of dlstllled water. In

foxiddtion
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. _subsequent silver staiﬁing,fdupliCate slides were blocked .

*at this step by one of four dlfferent procedures (see

@

Pearse, 1968)‘ B ‘ > ‘ ' a .-

1) Methylatlon a) mild; aciditied (HCl)'methanol for 24 -
hours at 37°C This step will block carbéxyi groups (among
bthers)' b) drastlc, acidified methanol for 24 hours at

60°C." Thls step abollshes the PAS stalnlng reactlon

Sections are then rinsed briefly in several changes of dis~

. tilled water. . L . . :

ii) Bisulphite blockirig for aideﬁydes; 10 -ml1 ethanol are

added to 40 ml of 50% aqueous §odium bisulphite.- Sections .
° .
are treated for 3 hours at room: temperature and therS rihded

o L]

brlefly in several changes of dlstllred water i According

N
oy ‘ to Pearse (1968) sodlum blsulphlte forms addition compounds
with aldehydes and ketones ‘

+

b

¥ - 111) Amine-aldehyde condensatlon 30 ml ace;ie acid are : R

-
P —

. added to lO*ml-anlllne. Sectlons are'treated'fbr 30 minutes
¥ [ 4 " Co ) . . . : ' B ) : . ’
A o~ at room temperature and then'rlnsed briefly in several ) e,

ﬁchanges of dlStll{Sd water., . ) . v .
N /

1v) Dlmedone bloéklng for aldehydes,'Saturated solution of-

» L]

dimedone (5:5 dimethyl-cyclo-hexane—lwB—dlone) in 5% acetic N

- ) : acia. Sections are treated fer'thoure at 6§0°C a?d then
'finséd briefly in seeeral changes'of'éistilléd'water.'
A Accordihg to Pearqe (1968), thls reagent forms condensatlon
products w1th glac:.al acetic ae:.d ‘solut:\;ons ‘of aldehydes.

[=]

_.The reactlon is belleved to becspec1f1c for aldehydes ‘and

i is capable of abollshlng the PAS reaction. .
: : r
. . a
» . : ! ' . . . '
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3. The slides wene subsequently stained in fresh19 pr¥pared
ammoniacal 51lver for 60 seconds .at room temperature w1th
agitation, ‘To prepare the. staln, add 10% aqueous 311ver

nitrate dropwise to 4 ml of concentrated ammonium hydrox1de

‘ unti1~a.persistant'turbidity'oceurs (approximately 10:2 v/v).

v

4. The slides were washed briefly in five changes oj

distilled .water. | . "

.

“ 5. Dehydrated and mounted in Permdunt.

kesults.

» ?
% . v

Perdiodic acid' oxidatien of insoluble polysacohsrﬁdes'
'kfor 60 minutes at 60°C allowe} exoellent staining of starch .
granules by the ammonlacal 511ver method (Iable 1. .Starch
gralns staln a deep yellow to ye110w15h brown and are
lreadlly photographed by any of the commer01a11y avallable

colourvfllms. .The-sta1ned~preparatlons have not faded after
. - Q ) -
four years. of storage, at room temperaturea When loweyr

.

temperatures of péﬁlodlc acid treatment were used,. comparable

-

‘'staining was achleved only after 24 hours treatment ih

-

perlodlc acid. No'apprec1able stalnxng of primary cell’

. \ . -

walls was observed in any of the treatments and no stalnkpg

'occurred w1thout the.perlodlc acld treatment. While
methylat;on, dimedone and anmllne/acetlc a01d Qerelabie-to L
abolzsh the subsequent stalnlng react1on the’ blsulphtfe }
blocking for aldehydes had no apparent effect.. -The reason&
for the: fallure bf the blsulphlté treatment to block the

- PAAS stalning-is unknown.‘ The btsulphlte forms addltlon.

-
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compounds with aldehydes and ketones whieh can, in turn,
T -

_be broken down’in dilute alkali into aldehyées cr ketones
(Pearse, 1968). Slnce the stalnlng solutlon is alkaline,v
thls blocking prbduct could concelvably be broken down,

rapidly-enough’ to allow aldehyde silver ion 1nteractlons
-
Another possible explanation - too short -a bl?cking time -

should also be mentloned ‘ 0

Post formalin treatment allowed a wider varlety of cef’
Q: ¢ N r '
constltuents to be stalned (e.g. cytoplasm« Caspariah
Q%’v x

‘sfrlp, vessel elements) w1thout affectlng the starch

stalnlng.
P

4. Discussion - P

¢

The use of ammonlaCal 511ver solution for stalnlng

a

polysaccharldes in anlmal cells depends pn prior ec1d
«hydroly51s and ox1dat10n of the glucose re51d.?3 “to produce .

aldehyde groups in situ which reduce the dlammlne511ver (I)

|
ion to metallic silver (Pearse, 1968). On the basis of tHe ¢

" present results a similar mechanism appears to operate in

the procedure outlined in this paper.’ o

The reasons for the’ lack of apprec1able cell wall staining

»
I3 .

are obscure. Whlle‘a periddic acid oxxdatlon of the primary
cell wall material would be expected, the subseQuent yeliow '
colouratlon produced by 511ver dep031t10n may be too faint'

to be distinguished from llght,refracted through the wall."

The starQh,grain must present a very favourable site for

collozdal silver deposrtlon by virtue of‘he hlgh density

. . 4 -
¢ - a

[y
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~ - -

- of perlodlc acid- produced aldehyde groups. Consequently,

4%15 method would be ‘suitable for deflnlng starch gralns‘

"in fixed plant~mater1al in cases where the tradxtlonalh

- » 3

) . 1od1ne pota331um iodide method is pnde51re€‘or 1nadequate 4 .

] and the PAS method. too cumbersome. The descrlbea.UAAS T

»

oy -

- >~ " method for¢starch grainsg is rapld, simple and glves

.permanent reproducible aining of good contrast with no

@
.
8
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