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ABSTRACT
ﬁxedeve]opxmtofhighlyisogmﬂcgmmanda]bhws&ajnsofmcotiaﬁa
tabacum was campared. A method of growing albino plants in bulk under
asceptic conditions in culture was devised. This allowed greater growth
than methods used by other investigators. Both strains were found to
show maximm growth in liquid compared to solid medium. Optimmm growth
of both strains was obtained in modified liquid Hoagland's medium compared
tomditiedliquifimxmdiun. The albino plant showed less growth than
the green under all conditions and developed only a reduced capacity for
photosynthesis.

The green plant was found to follow the same general pattemn of
changes in dry weight, protein, RNA and DNA content as that of other
higher plants. The albino initially contained more protein and dry
weight than the green, but followed the same overall pattern of metabolisn
as tha green plant. The mucleic acids of the albino showed a different
pattern during development to that of the green. The albino had a lower
initial DNA content which later showed a large increase after the 16th
day. This large increase in DNA content was followed by an increase in
R®A content at the 23rd day. The increase in DNA ooccurred at the same
time as the appearance of the third léeafl'with green patches.,

Tha plastids of ths green plant followed a noxmmal course of
davelopment. The albino formed mainly vesicle-containing plastids and
a few grana-containing plastids in the cotyledmns at germinaticn. The
grana apparently degenerated as only vesicle-cmtami.ng plastids were



observed in later stages of the cotyledons, The green patches of the
later leaves of the albino contained both grana~ and wesicle-containing
plastida, A correlation between chlorophyll synthesis and grana formation
was established in the albino. A possible correlation between nucleic
acidmtmta:ﬁnonmiphstidfonmtimwasobm.
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INTRODUCTION

Higher plants have the ability to photosynthesize, i.e., evolve
oxygen in the light and fix carbon dioxide in the dark. These processes
have been shown to occur within the chloroplast in higher plants (2).
Chloroplasts are cytoplasmic organelles reaching a diameter of 4-5 microns
when mature. Electron microscopy has shown that they consist of a lipo-
protein membranous network set in a granular stroma and surrounded by a
double membrane. The membrane or lamellae form discs which aggregate
together to form the grana characteristic of higher plants. A plastid
contains 40-60 grana (16) and 2-100 discs or thylakoids per granum.
Starch grains and osmiophilic granules are frequently found within chloro-
plasts, depending on the metabolic state of the plastid. Recently, the
presence of characteristically small ribosames (70S) and 25 A° diameter
fibrils of DNA (25) have been demonstrated in chloroplasts. Electron
microscopy has shown that the above ultrastructure is not fixed, but the
components vary within the lifetime of the plant. Thus, the lamellae and
grana may disappear and starch grains predominate, resulting in the for-
mation of amyloplasts. In all cases of chloroplast transformation, grana
production is accampanied by concomitant chlorophyll synthesis.

Chloroplasts are both structurally and functionally differentiated.
The different biochemical reactions of photosynthesis occur at specific
sites within the plastid. Light absorption by chlorophyll and accessory
pigments is restricted to the grana (7). Photolysis of water, the Hill

reaction and cyclic phosphorylation enzymes occur in the lamellae.



Ferredoxin is loosely bound to the lamellar system (27) whereas the last
steps of noncyclic photophosphorylation occur in the stroma. A block in
ultrastructural development will therefore be reflected in a specific
block in photosynthetic function.

The development of chloroplasts has been studied by cambining
electron microscopy with controlled changes in environmental conditions,
i.e., effects of light and temperature. Such studies (41l) have revealed
a correlation between light, chlorophyll synthesis, and ultrastructural
changes summarized below:

1) Formation of proplastids which are small (1 micron) organelles with
no intérnal structure, bounded by a double membrane.

2) The inner membrane invaginates to form small "blebs", which became
tube-like.

3) Tubes are transformed into vesicles by the action of light absorbed
by protochlorophyll, which is transformed to chlorophyll a.

4) The vesicles disperse and form the primary lamellae under the
influence of light.

5) The lamellae form discs which aggregate into grana accompanied by
chlorophyll synthesis. This process is enzyme controlled and accompanied
by protein synthesis (12).

The study of green plants has thus shown distinct steps involved in
ultrastructural development accampanied by various biochemical changes.

Albino plants, i.e., pigment mutants, have been investigated to
determine whether lack of chlorophyll is reflected in the state of

ultrastructural development of the albino. Ultrastructural studies



of the development can be correlated with the biochemical state of

the mutant to give an understanding of the control of plastid development.
Mutations at the photochemical or photoreduction level, which do not
effect chlorophyll synthesis rarely effect the plastid structure. Mutant
algae (15) and higher plants incapable of oxygen production, aerobic car-
bon dioxide fixation or pyridine nucleotide reduction still possessed
green plastids with normal ultrastructure.

Mutants deficient in chlorophyll synthesis frequently show changes
in plastid development. Mutant barley, xantha-10 blocked at the proto-
porphyrin to protochlorophyll step have proplastids incapable of forming
prolamellar bodies (41) (44). This Mendelian-inherited defect manifests
itself in production of concentric lamellae only and has been recently
shown (1) to repress the uptake of cl4 acetate to phospho, sulpho and
galactolipids. The acetate is diverted from forming the polar membrane
camponents to a steriod and fatty acid fraction. Xantha mutants of Picea
also show a correlation between lack of chlorophyll and nonformation of
prolamellar bodies in the dark (36). Picea mutants of the virescens type
which greens later in development are heterozygotes, having a reduced
amount of chlorophyll a and can form aberrant lamellae. These mutants
canfirm the correlation of chlorophyll a synthesis and grana production
and demonstrate a simple recessive hamozygous control.

An albino lacking chlorophyll b production in Arabidopsis is
shown to be controlled by several alleles and result in a variety of
plastids, ranging from normal plastids to plastids with reduced grana (29).

Albino barley lacking chlorophyll b also possessed fewer, smaller grana (8).



The lack of chlorophyll is often due to a secondary photodestruc-
tion rather than a lack of synthesis of chlorophyll. The albina variety

of Helianthus annuus can synthesize protochlorophyll but not carote-

noids (35). These plastids can form prolamellae in the dark and a few
grana and plastoglobuli. However, in the light the grana disintegrate
and vesicles form. Xantha varieties of Helianthus can form xanthophyll
but not carotenoids (33). This variety synthesizes small amounts of
chlorophyll (9) which enable the formation of larger grana than the
albina. In strong light the xanthophyll cannot protect the chlorophyll
from photodestruction and the grana disintegrate to form vesicles.
Carotene deficient maize mutants can form prolamellae in the dark, but
in the light no grana are formed (26).

No direct measurement of nucleic acids of albinos have been
reported in the literature and there are no examples of albinos caused
by lack or excess of nucleic acids. Plastids of the white stripes of
iojap maize have been shown to have no ribosames (28), and same mutants
of Arabidopsis have increased ribonuclease activity (24). Both these
plants are variegated rather than pure albino plants.

Many albinos are caused by mutations affecting the general meta-
bolism of the cell, rather than specific plastid mutations described
above. Such plants will grow on complete media as green auxotrophs but
not on sugar alone, as do the plastid mutants. A spontaneous, Mendelian-

inherited viridoalbina of barley (albina-7) was found to be deficient in

the synthesis of aspartic acid (34). This mutant, possessing 3%



chlorophyll and having no grana, turned green and simultaneously developed
grana on aspartic acid containing medium. Another barley mutant, eg
xantha-23, increased its chlorophyll content from 25 to 75% when grown on
leucine. If grown on leucine medium from germination, the abnormal giant
grana characteristic of this mutant became normalized. The protein
affected was probably in the plastid, as 75% of the leaf protein is found
in the plastids (10). When two such temperature-sensitive leucine auxo-
trophs were analyzed, they were found to have widely different amounts of
polar lipids (1) reflecting the different alleles involved.

Albino mutants requiring thiamine exist in tomato (5) and
Arabidopsis (14). These non-allelic thiamine-requiring mutants show
chlorosis and grana degeneration which can be reversed by addition of
thiamine. Thiamine is a carboxylase coenzyme in respiration and its
absence affecting plastid structure demonstrates the interdependence
between photosynthesis and respiration. Other general metabolism mutants

are an iron-requiring corn (3) and an arginine requiring Chlamydomonas

(15). Same albinos appear to spontaneously correct their defect. A pale
yellow barley mutant of the virescens type (18) had an initial, abnor-
mally high, serine content and formed plastids with vesicles instead of
grana. With age, the mutant spontaneously normalized its amino acid
content and formed both chlorophyll and grana; reflecting an early devel-
opment block possible in the carrier protein.

The few studies on albino plants reported in the literature have

been rarely carried out under asceptic conditions and none involved the



use of culture conditions throughout the period of investigation. Culture
conditions ensure a defined uniform environment for all the plants. To
determine exactly how the lack of chlorophyll affects plastid structure,
it is necessary to campare the development of plastids of the albino with
those of the genotypically green plant under the same conditions. Of the
studies on albino plants cited above, only Walles (34) carried out such
a systematic study. The present study attempts to compare the develop-
ment of albino and green genetic strains of tobacco over a time period
when both are grown under defined culture conditions. The aspects of
development determined here consisted of the changes of concentration of
various biochemical components and changes in plastid ultrastructure of
both the strains.
STATEMENT OF THE PROBLEM
Clausen and Cameron (6) obtained a colorless mutant by crossing

two varieties of Nicotiana tabacum (Purpurea x Chinchao). They estab-

lished that chlorophyll inheritance in this strain was controlled by
duplicate factors and that the inheritance of these factors was by a
typical 3:1 Mendelian ratio of green and white. Venketeswaran and
Mahlberg (32) were able to induce proliferation of both albino and green
strains in tissue culture. Pigment content of both green and albino
plants grown asceptically in a modified Murashige and Skoog (21) medium
(referred to later as MUK) was analyzed by Mahlberg and Venketeswaran (19).
They observed that the 2-day old albino cotyledons contained only 9% of

the chlorophyll content of the green. The chlorophyll a:b ratio and the



chlorophyll atb/carotenoid ratio were lower in the albino cotyledons than
in the green. The chlorophyll content of the mosaic leaves of the albino
of different ages in culture had a concentration of 18% to that of the
green plants in culture. Although chlorophyll content of these mosaic
leaves of the albino was found to be higher, the carotenoid content was
found to be the same as the albino cotyledons.

Whereas the albinos were grown under asceptic conditions only, the
green plants were grown both under asceptic conditions and in the green
house. Chlorophyll content of the green plants grown under asceptic
conditions were found to have less chlorophyll content (only 64% that of
the plants grown in the greenhouse). This suggested that suboptimum
conditions for chlorophyll synthesis existed in culture conditions under
fluorescent light. Thus chlorophyll content of both strains was already
established before this present study.

The aim of this investigation was to study the biochemical changes
and differences in plastid structure of green and albino genetic strains
of N. tabacum during development under optimum asceptic conditions. The
study was divided into the following sections:

I. Establishment of the optimum conditions for growth of both strains

under asceptic conditions. Previous work had used a solid medium designed

for tissue culture (modified MUK medium containing 1% agar). This study
has attempted to determine whether optimum growth could be achieved by
using a liquid medium designed for normal plants (Hoagland's medium) (11)

under asceptic conditions without using agar as a support. The presence
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of agar would result in a non—defined medium as it contains amino acids
and would reduce the availability of the nutrients to the plant.

II. Comparison of biochemical changes throughout development of the green

and albino plants. Analyses of these changes were determined to cbserve

whether the small amount of chlorophyll in the mutant would result in
abnormal biochemical development.

III. Camparison of the plastid ultrastructure of green and albino plants.

Electron microscope observations were carried out to establish how the
reduced amount of chlorophyll affected the differentiation of plastids
during development. Thus far, the plastid structure of this albino
strain has not been studied; efforts were directed to determine whether
this albino strain lacked the ability to form normal plastids or whether
normal plastids developed and later degenerated. The plastid ultrastruc-
ture of the cotyledons of both green and albino plants were investigated
at the same time intervals as the biochemical studies to observe whether
any correlation existed between specific biochemical events and stages
of plastid development. The plastids of the green patches which occur
in later leaves of the albino were examined to see whether the presence
of chlorophyll influenced the development of normal plastids.

MATERTALS AND METHODS

Seeds of Nicotiana tabacum were obtained from Dr. Paul Mahlberg,

Indiana University, Bloomington, Indiana, and from Carolina Biological
Supply Campany. Seeds were surface sterilized with 5% calcium hypochlor-

ite for 10 minutes or with 0.1% mercuric chloride for two minutes before



the surface-sterilization procedure. Seeds wers germinated on solid
modified MUK medium containing 3% sucrose and 1% agar. The composition
of the medium was as follows: (mg/1): NH4NO;, 800; Ca(NO3),.4Hy0, 100;
KN03, 80; KCl, 65; KHzPO4, 300; MgSO4.7H20, 35; ZrBO4.7H20, 0.1; 83303,
0.1; MnSO,. H,0, 0.01; CuSO,.5H,0, 0.003; RICl;, 0.003; NiCl,.6H,0,
0.003; KI, 0.001; FeCl,.6H.0, 0.01. The pH was adjusted to 5.5 and the
medium was supplemented by: (ng/l) glycine, 2; nicotinic acid, 0.5;
pyridoxine iK1, 0.1; and thiamine HCl, 0.l. Seeds were originally grown
on solid modified MUK media in petri plates to compare rates of develop-
ment of green and albino plants. To find the optimum medium for growth
of green and albino plants, two-day old seedlings were transferred under
asceptic conditions into the following culture system, Three-four layers
of cheesecloth wera stretched tightly over the inverted petri plate which
was inside a crystallization dish. This provided a mechanical support
for the plants and also allowed the roots to reach the liquid medium
without interfering with the chemical constitution of the medium. The
whole apparatus was autoclaved, Seedlings (two days old) were trans-
ferred into it and the top of the crystallization dish was covered with
a sterile polypropylene cover. This allowed gaseous exchange to occur,
but prevented contamination. Up to twenty seedlings could be grown
together in one such apparatus as shown in Figure (1). Albino and green
plants were grown in separate dishes on either licquid modified MUK or in
liquid Hoagland's medium (11). The canposition of thenedimwas as
follows: (ml/1) IM Ca(NO3),, 1.25; 1M RNOy, 1.25; 1M MgSO,, 0.5;
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FIGURE 1. APPARATUS FOR GROWIH CF ALBINO PLANTS IN LIQUID CULTURE
UNDER ASCEPTIC CONDITICNS,






13

KH,PO, , 0.25; FeClg, 1 ml; micronutrients, 1.

*Stock 5mg/ml.

The micronutrient stock solution contained: (g/1) H3BO;, 2.86; MnC1,4H,0,
1.81; znCl,, 0.11; CuCl,2H30, 0.05; NapMbO42HH0, 0.025.

Both these media contained 3% sucrose, and were replenished every 3 weeks.
Plants were measured every week by observing the height and number of
leaves on each plant.

Camparison of the ability to photosynthesize

Albino and green seedlings were separated when two days old, trans-
ferred to the previously described apparatus and allowed to grow for four
weeks on liquid Hoagland's medium. The polypropylene cover was removed
and the medium poured off to prevent it fram absorbing 14C02. The whole
apparatus was placed in a vacuum dessicator and all joints were sealed
with stop cock grease. Light was supplied by four fluorescent and two
incandescent lamps and the temperature of the system was maintained at
70° F. After preillumination for 10 minutes to stimulate photosynthesis,
10 ml of concentrated sulphuric acid was injected with a hypodermic needle
into a vial containing lmC of Bal4CO3 (specific activity 35mC/mM). The
high radiocactivity was used as the albino was expected to have an extreme-
ly reduced ability to photosynthesize. After 15 minutes of exposure to
14C02, 50 ml of IN sodium hydroxide were poured into the dessicator to
remove the residual 14C02. The plants were removed after the apparatus
had been transferred into a fume cupboard. The plants were then weighed

and soluble components were extracted three times in 10 ml of boiling
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80% ethanol. The residue was removed by centrifugation and the combined
supernatants were evaporated to 10 ml. Two hundred lambda of each sam-
ple were counted on a Beckman scintillation counter at 92% efficiency.
The experiment was first run using nonradiocactive material to insure that
the system would function. The experiment was repeated in the dark and
photosynthesis was expressed as a light to dark ratio in disintegrations
per minute (dpm) per mg fresh weight.

Camparison of changes in dry weight during development

Seeds were grown on solid modified MUK medium in petri plates
after surface sterilization. Each week, seedlings were separated into
albino and green. All seedcoats were discarded and any agar on the roots
was removed to prevent interference with the biochemical analyses. Seedlings
were weighed, freeze-dried for 2 days in a lyophilizer and reweighed to
obtain percentage dry weight. The lyophilized material was ground and
used for chemical analyses. The data from all samples were analyzed and
the standard error of the mean was calculated. Data used for comparison
were tested for statistical significance by using the t test at the 5%
probability level.

Protein analyses:

3 mg lyophilized tissue was extracted with 1 ml of water and 2 drops
of 0.1 N sodium hydroxide for 10 minutes at 0° C. The residue was removed
by centrifugation at 3000xg and the protein content of the supernatant was

analyzed by the Lowry method (17).



Nucleic acid analyses:

Lyophilized material was delipidized by successive (10 mg to 1.5
mls) extractions with chilled 10% perchloric acid, 95% ethanol (3x), 50-50
ether and ethanol, and ether (3x). The supernatants were discarded after
each centrifugation at 5000xg, and the pellet was air-dried. DNA was
extracted from the pellet with hot 5% perchloric at 70° C for 10 minutes
(3x) and the pooled supernatant was analyzed by the diphenylamine meth-
od (37). RNA was analyzed after hydrolysis with 0.1 N potassium hydrox-
ide (10mg/1ml) for 20 hours at 37° C. After neutralization with 1 ml
concentrated hydrochloric acid, the DNA was precipitated with 5%
trichloracetic acid and removed by centrifugation at 5000xg. The super-—
natant was used in the orcinol test for RNA analyses.
Electron microscopy

Each week, the cotyledons of green and white plants were removed,
cut into 0.1 cm pleces and fixed overnight in 3% glutaraldehyde in
cacodylate buffer. Specimens were rinsed in buffer, post-fixed in 2%
potassium permanganate (KMnO4) for 30 minutes and rinsed again.
Permanganate was used because (i) this was initially used to reveal
plant cell membranes and recently chloroplast sulamits (38), and (ii)
permanganate retains 90% of the chlorophyll in the lamellae (23), whereas
0s04 retains only 30%. Dehydration in alcohol was followed by embedding
in a 1:1 epon-araldite mixture (20). Sections were cut on a MI2 ultra-
microtome, collected on formvar coated grids and observed under an EM 6B

electron microscope.
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RESULTS

I. Visual observations of development:

The albino germinated with completely white or yellow cotyledons
which remained white throughout the entire development of the plant.
However, subsequent leaves developed small green patches which sametimes
disappeared or alternatively remained to give a green and white mosaic
pattern. The green patches varied in size, shape and location on the
leaf. Ieaves with half of the area green were common and occasionally
campletely green leaves have been observed (Figure 2). After 4 weeks of
growth, the albino resembled a variegated plant but still had white
cotyledons. The green plants germinated with completely green cotyledons
and all later leaves were also a pure stable green (Figure 3).

ITI. Establishment of optimum conditions of growth

1) Comparison of development in solid MUK medium

Figure (4) showed that both green and white seedlings increased in
height and number of leaves with time. At the time of gemmination, both
green and white plants had two cotyledonary leaves and were of the same
height. After 4 weeks the white plant had grown to only 80% of the
height and produced only 88% of the number of leaves of the green plant.
The albino therefore showed a slower developmental rate in solid MUK
medium than the green.

2) Comparison of development in ligquid Hoagland and liquid MUK medium

In these two media there was an initial lag followed by a steady

increase in height (Figure 5). At the end of eight weeks, the height of
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FIGURE 2. MATURE ALBINO PLANT

FIGIRE 3. MATURE GREEN PLANT
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FIGURE 4. COMPARISON OF GROWIH OF GREEN AND ALBINO PLANTS ON SOLID

MUK MEDIUM.
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FIGURE 5. COMPARISON OF INCREASE IN HEIGHT OF GREEN AND ALBINO PLANTS
WITH TIME IN LIQUID HOAGIAND'S AND MUK MEDIUM.
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both green and albino was greater in Hoagland's medium than in MUK medium.
The increase for both green .and albino was 25%. The albino increased its
height but never reached the height of the green. This suggested that
the albino achieved its optimum growth in Hoagland's medium; but the low
amount of chlorophyll (18% that of the green) resulted in reduced growth
campared to the green, with respect to height.

Both green and white seedlings were cbserved to show a progressive
increase in the number of leaves with time (Figure 6). No lag phase in
leaf production during early growth was observed in either media. Both
the strains showed an increased number of leaves when grown in liquid
Hoagland's medium than in liquid MUK medium. The increase was 30% for
the green and 25% for the albino. However, the albino did not produce
the same number of leaves as the green even in Hoagland's medium. This
would indicate that the albino has a slower rate of development than the
green.

Growth of both green and albino was greater with a 20% increase in
the number of leaves in MUK liquid medium than in solid MUK medium.
These results would suggest that growth is generally better in liquid
media than in solid media. ILiquid Hoagland's medium was used whenever
large numbers of plants were required since it allowed optimum growth
of both green and albino plants. When changes in the cotyledons were
studied, solid MUK was used.

III. Comparison of the development of photosynthetic ability

The results of 14CO2 fixation in the light and dark by four week old
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FIGURE 6, OQMPARISON OF INCREASE IN NUMBER OF LEAVES OF GREEN AND
AIBINO PLANTS WITH TIME IN LIQUID HOAGIAND'S AND MUK
MEDIUM.
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green and albino seedlings have been shown in Table (1). The CPM/ing were
higher in the light-treated plants than in the dark-treated plants in
both strains. The difference was far greater in the green plants than in
the albino. However, the light-dark difference in CPM/mg for the albino
was statistically significant at the 5% level.

The uptake of 14C02 by the green plants studied here in culture
conditions was less than that reported by Laetsch and Stetler (13) on
mature tobacco plants grown in the greenhouse (i.e. 13.87 CPM/mg compared
to 24 CPM/mg). However, Laetsch and Stetler (13) were investigating
mature tobacco plants and used CPM/mg dry weight whereas the plants
analyzed in this study were young and a CPM/mg fresh weight was used.
Based on this difference in analyses it was reasonable to presume that
the total photosynthetic capacity of the young green plants in culture
conditions was camparable to that of adult greenhouse grown plants.

The albino had a greatly reduced photosynthetic capacity campared to
that of the green plant (i.e. 442 dpw/mg to 20,041 dow/mg) . Thus after
four weeks of optimum growth the albino had the capacity to photosynthe-
size but only at a rate of 2% of the green. The growth of the albino
was due to the exogenous supply of sucrose and not to its ability to
photosynthesize. It is possible that the small green patches and sectors
were responsible for the small photosynthetic capacity and that the
photosynthetic mechanisms could.function normally if they were allowed

to develop.
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TABLE 1, OOMPARISON OF THE PHOTOSYNTHETIC CAPACITY OF GREEN AND ALEINO

PLANTS.



Table (1)

Measurements Light Alblino Green.
Conditions
Fresh weight Dark 0.291 0,150
in grams. Light 0.417 0.1377
Average Daric 938. 4,300
CPK/200 Light 4,375 54,756
CP¥/10ml Dark 46,900 215,000 average CPH at
Light 215,750 2,737,500 2% level cor-
rected for
CPM/mg fresh Dark 120,0% 1,433 backzround
welght Light 527,0% 19,870
. ) z ‘
1“00§CPM due to Dark-light 07 18,437
hotosynthesis ) S
P ya L/D ratio 4,394/1 13.87/1
lucoz DPM/mg due . W2 /1 20,0441 = (92% efficiency)

to photosynthesis

% These figures are Statistically significant using the saaple
t test at the 5% level. o
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IV. Comparison of percentage of dry weight during development

Olsson and Boulter (22) showed that higher plants underwent a sharp
decrease in dry weight during the initial periods of development, followed
by a later increase. They attributed the decrease to a depletion of coty-
ledonary supplies and an increase in absorption of water. They explained
the subsequent increase as being due to an accumulation of food materials
formed during photosynthesis. Both green and albino plants showed a large
initial decrease immediately after germination and continued this decrease
until 16 to 23 days (Figure 7). Therefore both strains showed a normal
development with respect to dry weight for the first two weeks. The green
plant showed no further decrease in dry weight after 16 days and a slight
increase was observed at 23 days. Thus the green strain showed normal
development throughout the entire culture period with respect to dry weight.

Although the albino showed a normal decrease with time it differed
fram the green in two respects. Immediately after germination, the two—day
o0ld albino had a higher dry weight than the green. The difference was a
constant 2% which occurred in every determination and was statistically
significant at the 5% level. The albino also differed fram the green
plant in that after 16 days growth it did not show an increase in dry
weight but was still decreasing. At 23 days the albino had a smaller dry
weight than the green, and this difference was again statistically signi-
ficant at the 5% level. No standard error of the mean was shown in the
graph at 23 days, as all measurements were identical. The excess material

in the albino at the time of germination was catabolized in the same
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FIGURE 7, COMPARISON OF CHANGES IN PERCENTAGE DRY WEIGHT WITH TDME OF
GREEN MDD ALRIIO PLANTS.
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manner as the green plant. However, the depletion was still occurring at
the end of the culture period, resulting in a retarded growth curve with
respect to dry weight.

V. Camparison of protein changes during development

Both green and albino plants showed a decrease in protein content
during development until the 23rd day (Figure 8). The protein curve for
the green plant resembled the dry weight curve, except that depletion of
initial materials had not ceased and an increase in protein content had
not begun by the 23rd day. However, the rate of decrease was far smaller
from the 9th to the 23rd day.

The albino differed from the green in that it had a higher protein
content immediately after germination and also after 9 days of growth.
Both these differences were statistically significant at the 5% level.
The protein content of the albino continued to decrease from the 9th to
the 23rd day, resulting in a final protein content statistically the same
as the green. The initial excess protein was therefore catabolized in
the same manner as the green plants to the same final level as the green.
This suggested that the initial abnormal amount of protein of the albino
plant became normal after four weeks of growth. The standard error of
the mean of both green and albino plants was consistently small, suggesting
that both strains consisted of uniform populations.

VI. Camparison of DNA content during development

The green plant showed an initial large decrease in DNA content fram

the 2nd to the 9th day and continued to decrease until the 16th day
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FIGURE 8, CQPARISON OF CIANGES IN PROTZIN CCONIENT WITH TIME OF GREEN
AND ALBINO PLANTS.
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(Figure 9). Fram the lé6th to the 23rd day an increase in DNA content
occurred. This pattern of development with respect to DNA content was
identical to that reported by Olsson and Boulter (22) for other higher
plants. The standard of the mean was extremely small and constant,
indicating a uniform population throughout the entire culture period.

The albino showed a completely different pattern of DNA metabolism
during development from that of the green plant and the investigations
of Olsson and Boulter (22). Afi-;er germination the two-day old albino
plants had only 66% of the DNA content of the green. This difference
was statistically significant at the 5% level. Very little change
occurred fram the 2nd to the 9th day, resulting in a DNA content approx-
imately the same as the green. Fram the 9th to the 16th day there was a
large increase in DNA content from 1.9% to 2.8% which declined slightly
to 2.6% at 23 days. Both figures were statistically significant at the
5% level. The albino plant showed a completely abnormal developmental
pattern as it changed fram an initially smaller DNA content to a final
larger DNA content when compared to that of the green. The standard
error at the mean was greatest at the 16 day time interval but was still
very small, suggesting that greater variation occurred in the population
at that time.

VII. Camparison of RNA content during development

The green plant showed a decrease in RNA content throughout the cul-
ture period (Figure 10). The decrease was greater from the 2nd to the

9th day than from the 9th to 23rd day. Olsson and Boulter (22) reported
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FIGURT 9. COOPARISON CF CHANGES IN DNA CONTENT WITH TIME OF GREEN AND

ALEINO PIANIS.
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FIGURE 10, COMPARISON OF CEANGES IN FNA CONTENT WITH TIME OF GREEN AND
ALDINO PLANTS.
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an increase in RNA content after the initial decrease, but no such in-
crease was observed in these green plants under culture conditions.

The RNA metabolism was similar in that respect to the protein metabolism.
The standard error of the mean in the RNA determinations was always very
large, suggesting that the population had a wide range of RNA content.

The RNA content of the albino showed a similar decrease until the 16th
day to that of the green plant, but the rate of decrease was less. This
reduced rate resulted in higher RNA contents at both the 9th and 16th
days. From the 16th to the 23rd day there was a large increase in RNA
content resulting in a final RNA content of almost 3 times that of the
green. The last 3 points were statistically significant at the 5% level.
This increase in RNA synthesis followed the increase in DNA synthesis at
9 to 16 days. The standard of the mean was large but constant, indicating
a uniform population.

VIII. Camparison of changes in plastid ultrastructure during development

1) Changes in plastid ultrastructure of the green plants
a) The two day old plant

The measurements of the plastids of the two day old plants were given in
Table (2). Each cell was found to contain five to six plastids which had
a wide range of size from 2 to 4 microns and an average of three microns.
Within one cell all stages of plastid differentiation were observed;
therefore the development of the plastids was not synchronous. This
phenanenon has been observed by other investigators (40).

Very few proplastids were observed at this stage. Several plastids
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TABLE 2. MEASUREMENTS OF THE PLASTIDS OF THE TWO DAY OLD GREEN PLANT,
THESE MEASUREMENTS WERE TAKEN FROM DIFFERENT MICROGRAPHS
AND DO NOT CORRESPOMD HORXZONTALLY.



Table (2)

Two=day old Green Plant

Size of Number Number Number Number of Width Length of
Plastid and size and size of grana of disecs of granum
in microns of large of small per plastid per granum granum in in Angstroms
vesicles vesicles Angstroms
3 12
L 13
12
2 10 18 2-6
3 4000
2
3 . 10 1l
2000
3 13 b 3000
9 4 1500
11 4
L
6
8
Iy 20 5 3000 6000
17 6 3000
Lé 3 4000
22 5 7500
35 6
v
I
8
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of approximately 2 microns in size displayed invaginations of the inner
menbrane., These invaginations developed into flat sacs or discs
(Figure 11). The vesicles were small, ranging from 2-4000 A®*. The next
stage of development was the formation of lamellae and grana by fusion
of the vesicles (Figure 12). The grana increased in size due to the
addition of more discs (Figure 13). Later stages of development involwved
elongation of the grana.

Most of the plastids were in the later stages of differentiation.
The average number of grana per plastid was 19 and each granum contained
from 2 to 8 discs (the average was 5). The range of grana width was
large (1500 to 3000 A°®) as was the grana length (3000 to 7500 A°). The
shape of the grana was generally rectangular (2300 A® x 4000 A®).

b) The nine day old plant

After 9 days development, it was observed that the plastids in the green
strain had increased in size to an average of 4 microns (Table 3)., Fewer
plastids were observed in each cell, but all plastids were at the last
stages of differentiation (i.e. grana formation and elaboration). No
vesicles were observed at this stage. The plastids showed a large increase
in nurber of grana per plastid to an average of 28. The grana did not
increase in length but showed a large increase in width (from 2300 A® to
3700 A®). The increase in width was dua to the addition of discs to the
grana. The average number of discs per granum had increased from 5 to 12
by 9 days. A typical grans at this stage (Figure 14) consists of 11 discs
vhich have been fused to give a gramm which was wider than its length.
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FIGURE 1). T DAY OLD GRELN PLANT (x 49,500]. PLASTIDS COITAINING
VESICLES OR GRANA. vevesicle, gwgranum, Scale = 1000A®
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PICORE 12, 7D DAY CLD GREEN PLANT [x 39,000]. PLASTID SHOWING VESICLE
TRPNSFORMATION INTO IASIIAR, wvevesicle, Ilwlamellas
Scale = 1000 A®

FISURE 13. TWO DAY OID GRCIN PIANT {x 33,000]. PLASTIDS CONTAINING
SHLL GRAMA, gegramsn, Imlamalla, Scale = 1000 A°
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TABLE 3. MUEASUREZENTS OF THE PLASTIDS OF THE NINE DAY OLD GREEN PLANT,
THESE MEASUREMENTS WERE TAREN FROM DIFFERENT MICROGRAPHS
AND DO NOT CORRESPOND HORIZONTALLY.



Table ( 3)
Nine-day Green Plant

Size of Number No. of No. of Width of Length of
Flastids of grana disecs per {grana in grana in
in microns| Vesicles per plastid grana Angstroms; Angstroms
2 15 11 2800 2000
6 33 15 2400
8
15 .
L 24 16 4500 5000
6 2400
40 8 4000
10
12 3000
23 6000
3000
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TICWE 4. WIND DAY OID GPEIN PLANT [x 256,000]. WiSLI DEVEILOPED GRANUM
SHOWING DISCS EXTENDING INTO THE STROMA. swstroma, dJdedisc,
l=lamella. Scale = 1000 A®
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Same of the discs extend into the stroma and into other grana (Figure 15).
These connecting lamellae may be very short or alternately may extend
across the plastid. Mitochondria were often found adjacent to the plastids
and showed normal development (Figure 15).

c) The 16 day old plant
After 16 days growth the plastids had again increased in number per cell
(Table 4), and had undergone further internal differentiation. The
plastids were arranged around the periphery of the cell, lying close to
the cell wall. Their size had increased to 4.7 microns and the number of
grana per plastid had increased to 32 (Figure 16). The number of grana
per disc and the grana width had increased only slightly. However, grana
elongation had greatly increased from 3500 A° to 6000 A° (Figures 16 & 17).
Grana elongation was therefore the predominant stage of plastid differen-
tiation at the 16 day time interval. At the leaf tip where growth of the
cotyledon is initiated, same cells were observed to have younger stages of
grana development (Figures 18 & 19). Other cell organelles found near the
plastids were normal, eg. mitochondria (Figures 17, 18, & 19), and
nucleus (Figure 20).

d) The 23 day old plant
After 23 days growth, plastids had undergone an increase in size to 5.0
microns (Table 5). The number of grana had greatly increased to an
average of 55 per plastid. Elongation of the grana was not pronounced
and addition of discs and grana width was not increased (Figure 21). The

major stage of differentiation at this time interval was an increase in
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FICUIE 15, NINE DAY OID GREEN PIANT [x 105,000]. arechloroplast membrane.
=i tochondrion, l1=lamella. Scale = 1000 A®
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TABLE 4. MEASUREMENTS OF THE PLASTIDS OF THE SIXTEEN DAY OLD GREEN
PLINT. THESE MEASUREMENTS WERE TAKEN FROM DIFFERENT
MICROGRAPIIS AND DO NOT CORFESPOND HORIZONTALLY.



Table (4)
Sixteen-day Green Plant

E

Size of Number of Number of Grana Grana
Plastids in grana per discs per Width in Length in
Microns plastid granum Angstroms Angstroms

L2 - 9 4500 4000

12 5000 4000

6 16 2000 10,000

7 21 2000 4000

5 15 4000 10,000

7 3000 6000

2000 6000

3.5 21 3000 5000

-3.5 7 11,000 5000

2 5 6000 4000

2 10 6000 10,000

8 28 23 5000 5000

5.3 30 5 4000 5000

20 12 7500 5000

3 32 22 4000 5000

3 4000 5000

7 4o 2500 5000

5 3000 3000

4 3000 5000

2 3000
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SUOCCRS 16,  SINTTIY DAY D GREEN PLANT [x 30,000]. s=stroma,
Scale = 1 micron
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DIICTE 17, SIXTTEIN DAY OID GREEN PIANT [x 50,000]. Scale = 1000 A°
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TIGCAE 18, SINTTWY DAY QLD CREEN PLANT [x 15,750]. cw=cell wall.

Scale = 1 micron



43




STTTES DAY NS SN PIANT [k 30,000].

Scale = 1 micron

g=gclgl body.
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FIGURE 20. SIXTEEN DAY OLD GREEN PIANT [x 31,500}, NUCLEUS SHOWING
CHROBTIN (chr) AND NUCLEAR PCRES (n.p.). Scala = 1000 A®
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IPRLE 5. MIZTSUREMENTS OF THE PIASTIDS OF THE TWENTY-TIIRD DAY OLD
GREEN PLANT. THESE MEASUREMENTS WERE TAKFEN FROM DIFFERENT
MICROGRAPHS 2ND DO NOT CORRESPOND HORIZONTALLY.



Table (5)

Twenty-three day old Creen Plant

Size of Number of Number of Grana Grana
Plastids in grana per dises per width in Length in
Microns Plastids granum Angstroms Angstroms
b 50 19 4000 5000
5 55 20 3500 5800
6 55 21 4500 6000
60 18
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FIGURE 21. TWENTY-THREE DAY QLD GREEN PLANT {x 45,000]. Scale = 1000 A®
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plastid size and an increase in the number of grana per plastid. This
resulted in the slightly decreased average grana length as the younger
grana were wider than they were long.

The stages of plastid differentiation in the green strain during
the entire culture period were summarized in Table (6).

2) Changes in plastid ultrastructure of the albino plants

a) The two day old plant

Many proplastids were observed at the two day stage, same of which were
dividing (Figure 22). They had little internal structure and were 1 to
3 microns long.

Two kinds of plastid were observed at the two day time interval.
The first kind was numerous, ranging from 6 to 11 per cell (Table 7).
There were therefore more plastids per cell than the camparable green
strain at the two day stage. The size of these abnormal plastids was
less than that of the plastids of the green strain (2 microns campared
to 3 microns). This first kind had very little internal structure
campared to the green strain plastids. Usually numerous small vesicles
(300 A°) were present (Figure 23) resembling the prolamellar bodies
found in plastids of etiolated plants. Occasionally larger vesicles
were observed inside the plastids ranging from 3000 to 7000 A°
(Figure 23). The shape of these plastids varied from circular to heart
shape. No grana or lamellae were observed in these plastids.

Tﬁe second type of plastid contained grana (Figure 24) and had a

size comparable to that of the two day green strain plastids (4 microns).



49

TASLE 6., SUMARY OF CHANCGES IN PLASTID STRUCTURE OF T:E GREEN PLANT
THROUXIOUT THE CULTURE PERICD,



Table (6)

"Plastid Changes during Development cf
The Green Plant"

‘Age in days: 2 9 16 23

Number of 5-6 4 3 *

Plastids

Per cell:

Plastid size L-o h.7 5.0

in Microns: (2-4) (2-6) (2-8) (3=5

Number of

Vesicles 1 - - -—

Per Plastid:

Size of

Vesicles 2-4000 - — —

In-Angstroms:

Number of 19 08 32 55

Grana per . B

Plastid: (1-46) (15-40) (20-42) (50-60)

Lamellze: Prolamellae lamellae lamellse lamellae
present

Grana length 4000 3000 6000 5800

in Angstroms: (3-7,500) (2-5000) (3-10,000)

Grana width 1500 3700 4200 4500

in Angstroms: (0-3000) (2-4500) (2500-11,000)

Number of 12 14 18

discs per (2-8) (8-23) (5~-23)

granum: .

*No observations on the number of plastids per cell were made at this

time interval.

°
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PIGURE 22, TWO DAY OLD AILBINO PIANT [x 40,000]. DIVIDING PROPLASTID.
cwacel) wall, Scale = 1 micron
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TARLS 7. MEASUREMENTS CF TiE PIASTIDS OF THZ TvO DAY OLD ALBINO PLANT.
THESE MEASUREMENTS WERE TAREN FROM DIFFERENT MICROGRAPHS AND
DO NOT CORRESPOND HORIZONTALLY.



.
C S

3

Table ( 7)
Two~day old Albino Plants

Vesicle~containing plastids

Grana-containing plastids

Size of Number and  Number of Size of Number and Number of Width of Length of Number of
Plastid in size of dividing plastid in size of grana per grana in grana in discs per
Microns ‘vesicles in proplastids microns vesicles in  plastid Angstroms Angstroms  granum
Angstroms Angstroms

2.5 . 1 (3000) 1 2 - 16 3000 2500 6

1.0 1 (7000) 1 5 - 15 2000 2900 8

0.5 2 (1000) - 1 L - 2500 2100 5

2.0 1300 9

1.3 12

1.7 2

3.0

1.8
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FIGURE 23. TWO DAY OILD ALBINO PLANT [x 28,000}. CELL CONTAINING PLASTIDS
WITH SALL AND LARGE VESICIES. wevesicle, Scale = 1 micron
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FICURE 24. 'TWO DAY QLD ALBINO PIANT [x 37,500]. PLASTID CONTAINING
GRANA. gegrana. Scale = 1000 A*
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However, very few of these normal plastids were observed. Usually only
8% of the cells contained these normal plastids and only 1 or 2 such
plastids occurred in a cell. Approximately the same number of grana
per plastid were observed in these plastids (15-16 in the albino as
campared to 19 in the green strain). The number of discs per grana
was approximately the same as the green strain plastids, both having a
range of 2 to 12 per grana. Similarly, grana width was comparable, both
having a range of 1500 to 3000 A°. However, the grana were usually not
as long as the green strain plastids (2500 to 4000 A°). Thus, although
grana containing plastids were observed in the albino plants at the
two day time period, these plastids differed in number per cell and in
having a shorter grana length.

b) The nine day old plant
After nine days growth, only the first type of plastid was observed
(Figure 25). These plastids had increased to the same size as the
plastids of the green strain (4 microns) but had developed an internal
structure entirely different fram the normal green strain. They
contained large vesicles of an average diameter of 7000 A° (Table 8)
which varied in shape from round to irregular. Each plastid contained
a few of these large vesicles ranging from 1 to 10 in number (Figures 25,
26, & 28). Often the vesicles originated from the inner lining of the
double membrane (Figure 27) and arranged themselves in loop-like forma-
tions. These vesicles were often found in the center of the plastid

accampanied by the small vesicles (300 A°) observed in the two day old
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PIGIE 25, NINE DAY CID ALBINO PIANT [x 30,000]. PIASTID QONTAINING
A FEXW VESICLES. wvwesicle., Scale = 1 mdcron
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TAZIZ 8. MIRSURDMINTS OF TEZE PIASTIDS G THE NDIE DAY OID ALBIND PIANT.

THESE MEASURENMENTS WERE TAKEN FROM DIFTETENT MICROGFAPIIS AND
DO NOT CORIESPOND HCPIZONTALLY .



Table ( g)
Nine-day old Albino Plant

Plastid Number of Size of
Size in vesicles per "~ vesicles in
icrons plastid Angstroms
3 7 1000
4 9000
3.5 10 1000
2.5 6
1.25 3000
5 b 1000
3 2 1000
5 500
4 1
5 1
3 8000
L




57

FIGURE 26, NINE DAY OLD ALEINO PIANT [x 25,000]. PILASTID CONTAINING
VESICLES, wvsvaesicle, Scale s 1 micron
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FIGURE 27, NINE DAY OID ALBINO PLANT [x 30,000)., v=vesicle. Scale=1

micron
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FIGURE 28. NINE DAY OLD ALBINO PIANT [x 28,000]. p-plastid.
mendtochondrion.  imorganelles intermediate between
mitochondria and plastids. Scale = 1 micron






60

albino plastids. Plastids showing a shape and size intermediate between
mitochondria and the vesicular plastids were observed (Figure 28). The
large vesicles were apparently aggregating in certain areas of these
plastids. It is possible that the grana containing plastids observed in
the two day old albino plant had degenerated, giving rise to the plastids
containing the large vesicles.

c) The 16 day old albino plant
The plastids at this stage had not increased in size (Table 9) and were
smaller than the plastids of the normal green strain of the same age.
Again, no grana containing plastids were observed at this stage. The
number of vesicles inside the plastids was approximately the same as the
9 day old albino (Figures 29 & 30). However, the diameter of the vesicles
had greatly increased to 9000 A° (ranging from 6-13,000 A°). The smaller
vesicles of 300 A° were more numerous than at the 9 day stage.

d) The 23 day old albino plant
The abnormal plastids had increased in size to 4 microns (Table 10), but
were still smaller than the plastids of the green strain. Usually, few
plastids were seen per cell, and the largest component of the cells were
the large vacuoles (Figure 31). The number of vesicles per plastid had
greatly increased to an average of 13 (Figures 32, 33, 34, & 35). The
size of these vesicles was approximately the same as that of 16 day old
albino plastids. The smaller vesicles (300 A°) were also numerous,
suggesting that the predominant stage of development from 9 to 16 days

was the proliferation of large vesicles. The shape of the plastids was
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TARLE 9. MEASUREMENTS OF THE PLASTIDS OF THE SIXTEEN DAY OLD ALBINO
PLANT, THESE MEASUREMENTS WORE TAKEN FROM DIFFERENT
MICROGRAPHS AND DO NOT CORRESPQND HORIZONTALLY.



Table ( 9)
Sixteen-day old Albino Plant

Size of ) Nmmber of Size of

Plastid in large vesicles in
Microns vesicles Angstroms
2.7 7 10,000
3.0 7 6,000
2.3 5 6,000

6 . ‘ 7,000
3.8 b 12,000
3.8 2 13,000
k.o 2 12,000
3 16,000
i L
2.5 4 9,000
2.0 5
3.0 0
0




62

FIGORE 29. SIXTEEN DAY OID ALBINO PLAT (x 12,500)]. PLASTIDS
CONTAINING VESICIES (v). vac=vacuole. S5cale = 1 micron
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FIGURE 30, SIXTEEN DAY OLD ALBINC PLANT {x 13,500]. Scale = 1 micron
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TAPLE 10, MIASURENTENTS OF THE PLASTIDS OF THE THAENTY-TUREE DAY QLD
ALBINO PLANT., THESE MFASUREMENTS WERE TAKEN FRCM DIFFERENT

MICROGRAPHS AND DO NOT CORRESPOND HORIZONTALLY,



Table (10)
Twenty-three day old Albino Plant

Size of Number of Size of
Plastid in Large Vesicles in
Microns vesicles Angstroms

2 5000

1000

29 5000
5000

5000

5000

5 2500

11 3000
12 5000
20 8000
9000

7000

9000

13,000

5000

10,000

10,000

6000

8000

W&

w Eunionun O\l W
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FIGURE 31. TWENTY-THRFE DAY QLD ALBINO PLANT [x 9,750]. CELL CONTAINING
A IARGE CENTPAL VACUOLE RAND AN ABERRANT PLASTID, vac=vacuole.
pplastid, Scale = 1 micron

FIGURE 32, TVENTY-THREE DAY OLD ALBINO PIANT [x 7000}. CELL CONTAINING
TWO ABERRANT PLASTIDS WITH VESICIES. Scale = )1 micron
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FrGUTS 33. TIENTY-THRCE DAY OID ALEINO PLMNT [x 24,000]. PLASTID !
VESICIES., Sczle = 1 micron

FIGURE 34, TWENTY-THREE DAY OILD ALBINO PIANT [x 16,000]. PLASTIDS AND
CIRCULAR MITOCHONDRIA (m), Scale = 1 micron
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THENTY-THRZE DAY OLD ALZING PIANT [ 15.000). Scale = 1 micron
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abnormal, ranging from circular to triangular. The mitochondria were
observed to have an abnormal shape (circular) and a reduced number of
cristae (Figure 34).

e) The 30 day old albino plants containing green patches

When the green patches on the adult leaves of the albino in culture
were examined, they were found to contain two types of plastids. (The
measurements of both plastids are given in Table (11) and summarized in
Table (12).) The first type resembled the plastids found in the coty-
ledons of the albino as they contained vesicles (Figures 36, 37). They
were smaller in size (3.8 microns) than the plastids found in the normal
green strain (5 microns). The average number of vesicles per plastid
was only 2, but the range varied fram 1 to 9. They therefore had fewer
vesicles than the plastids of the 23 day old albino cotyledons, which
had developed 13 vesicles per plastid. The size of the vesicles was
the largest cbserved in this study (22,000 A° campared to the largest
observed in the 16 day old albino cotyledon of 9000 A°). Many small
vesicles (300 A°) resembling prolamellar bodies of etioplasts were
also present in these plastids. These prolamellar bodies were observed
to flatten out into sacs and fuse to give a lamellae-like structure
(Figure 38). These vesicle-containing plastids were observed to be
the only type of plastid in same cells (Figure 36).

However, in same cells both vesicle-containing plastids and the
second type of plastid (those containing grana) were observed (Figure 39).

Such mixed cells have been found in other albinos, eg. maize (28),
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PUSSU RN

MTASURE-ENTS OF THE PLISTIOS OF TEE GRERN PATCHES OF TE
TIIRTY DAY GID ALEINO PLANT. TiESE MUASTREMRTS WERS

TAKEN TROIA DIFFERENT MICROGRAPHS AND DO NOT CORRESPOND
HORTZONTALLY o



Table (11)

Green Patches of the Thirty-day old Albino Flant

Vesicle-containing plastids

Grana=-containing plastids

s

Size of Number of Size of Size of Number of Number of Width of Length of
Plastid in vesicles Vesicles in plastid in grana per dises per grana in grana in
Microns Angstroms Microns plastid granum Angstroms Angstroms
L,o 2 28,000 L 20 6 2,500 7500
6.6 1 15,000 3 11 2,000 8000
3.3 1 30,000 L 21 14 1,000 3000
3.3 9 28,000 3.3 7 1,000 7500
2.0 2 . 25,000 3.3 7 2,000 1100
8 2,000 6000
. 7 1,000 9000
3.5 1 20,000 5 3,000 9000
3.5 1 10,000 L 3,300 7500
6 3,000 7500
5 1,300 7500
3.3 1l 20,000 8 2,000 8000
15,000 9 2,500 8000
30,000 5 2,000 8500
L 1,000 10000
2
3
7
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TS 12, SOMOY OF T IVASURITDS O T PLASTING OF T THIRIY DRY
CED ALBING PLANT,.



Table (12)

Summary of Data of the Green Patches of
The Thirty-day 01d Albino Plant

Age in days: o Thirty-day

Plastids - Plastids

containing vesicles Containing grana

Plastid
Size in 3.8 3.5
Microns:
Number of 2
Vesicles per 1-9 -
Plastid;
Size of
Vesicles in 22,000 -
Angstroms:
Number of
Grana per - 21
Plastid:
Lamellae Prolamellae ' Prolamellas
Grana length - . 6,600
In Angstroms:
Grana width - 1,900
In Angstroms:
Number of discs - 7
Per granum: (2-12)
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FIGURE 36. GREEN PATCHES OF THE THIRTY DAY OID ALBINO PIANT [x 9,750].
CELLS CONTAINING ONLY PIASTIDS WITH VESICLES (v).
Scale = 1 micron



7L




72

TICURD 37. JETN PATCES OF TVE TULRIY DY AID ALBTYO PTANT [x 37,500].
WSIO:J OF PROLAMELIAR TIRE BODITS TO PO VESICLIES.
f=fusion. Scale = 1 micron
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FIGURE 39.

SUTHRDNTCES XY TR T DY 35D ALRTO PIANT [x 27,500].
PLASTID WITH FIATTIZED VISICIE (v) IOPMING LAMELIAE,

Scale = 1 micron

GREEN PATCHES (F THE THIRTY DAY (LD ALBINO PIANT [x 11,000].
CELL CONTAINING PLASTIDS WITH GRANA AND VESICLES.

Scale = 1 micron
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tobacco (43), and hybrid clover (4).

The grana-containing plastids were the same size as the vesicular
plastids, but smaller than those of the normal green strain (Figure 39).
There were fewer grana-containing plastids than vescile-containing
plastids; on an average, there were two per cell. They sametimes con-
tained prolamellar bodies which fused to give lamellae (Figure 40, 41),
suggesting that many of the vesicle-containing plastids are earlier
stages of development in the formation of the grana-containing plastids.
Plastids containing unusual grana were observed in these green patches
(Figures 40, 41). Here the discs were extremely large (6600 A° compared
to the largest length, 6000 A°, ever reported for the normal green strain).
In these plastids (Figures 40, 41), small vesicles were observed to fuse
to form very wide discs. Apparently, certain factors which cause the
normal formation of narrow lamellae and small vesicles is not functioning
correctly, resulting in the formation of large vesicles, lamellae and
discs. Some plastids had developed grana identical to those of the green
strain (Figures 42, 43). The measurements of the grana, however, were
not identical with that of any stage of the normal green strain. They had
approximately the same number of discs and slightly less grana width than
the two day old normal green strain. However, the grana length was
larger than any recorded for the normal green strain. Apparently the
grana—containing plastids of the green patches were comparable to those
of the two day old normal green strain except that they were abnormally

long. The measurements of the albino are summarized in Table (13).
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TIOUTR, AN, ORI DRROG O T Ty MY 01D ALRTY pranT v 11,0003, -
FEAAT-OONTATITNG PLASTID, Scaln = 1 micron

FIGURE 41. C=FN PATCHES OF THE THIPTY DAY GLD ALBINO PIANT [x 19,500].
CRAR-COMTAINING PIASTID. Scale = 1 micron
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FICURE 42, GREEN PATCHES OF THE THIRTY DAY OID ALBINO PLANT {x 21,000].
PLASTIDS CONTAINING NORMAL GRANA. Scale = 1 micron
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FIGURE 43, GRCFEN PATCHES OF THE THIRTY DAY CLD ALBINO PIANT [x 60,000],
Scale = 1 micron



77




78

TAELE 1. SMARY OF THE MPASUREMENTS OF THE PLASTIDS OF THE ALBINO
PLANT THROUROUT THE CULIURE PERICD.



Table 13

"Plastid Changes During Development of
the Albino Plant"

Age in
days:

16

23

(a)

(b)

Number of
plastids
per cell:

(6-11)

Plastid
size in
microns:

2
(0.5-3.0)

4
(3-5)

4

(2.5-5.0)

(3-6)

Nurber of
vesicles
‘per plastid:

l1in5
plastids

4
(1-10)

3.7
(0-7)

13

Size of
vesicles in
Angstroms:

3G00-7000

4000

7000
(5-10,000)

9000
(6-13,000)

6000
4-14,000

Number of
grana per
plastid:

15-16

Lamellae:

Pro~
lamellae

Pro-
lamellae

Pro-
larellae

Pro-
lamellae

Pro-
lamellae

Grana length

in Angstroms:

2,500

Grana width

in Angstroms:

Numbar of
discs par
grarams:

(2-12)

a) - measurement of vesicle-containing plastids
b) - measurement of grana-ccontaining plastids
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DISCUSSION

Highlyisogfenicstrainsof&_;_taba_c_ggpossessingge:wtypesfcr
chlorophyll synthesis were grown in liquid and solid MUK medium. Growth
was found to be greater in liquid than in solid mediuwm., Other investiga-
tors have reported similar £indings in that liquid medium allowed greater
growth of plant cells in tissue culture than in solid media (30). Maxi-
mus growth of both strains was observed in modified liquid Hoaglard's med-
iun, This was to be expected as Hoagland's was designed primarily for
mature plants, whereas MIK was designed to give maximm growth of plant
cells in tissue culture. Under these optimum conditions, the albino
developed 10 leaves within 8 weeks compared to 12 leaves in 25 weeks in
solid mediu, as reported by Venketeswaran {31). Therefore, this study
has established a reproducible method of growing albino plants under opti-
mam conditions using asceptic techniques.

The green plant grown under these conditions was able to develop
a photosynthetic capacity camparable to that of mature plants grown in
the greenhouse (13). The albino developed only a very small photosynthetic
capacity., Therefore it was dependent on the exogenous supply of sucrose
for its development. This was reflected in the slower growth rate of the
albino as cawared to the green. The slower growth rate was cbserved in
all media.

The general pattern of biochemical changes in the green plant
during development was similar to that reported for other highex
plants (22). The high initial contents of all chemical constituents



80

showed a large decrease with time. However, only the DNA content and
dry weight showed an increase after the initial decrease as reported

by other authors (22). The plants used for biochemical analyses were
grown on a solid agar medium, under which conditions optimum growth is
not achieved. This could therefore be responsible for the nonappearance
of a later increase in RNA and protein content.

The albino had large amounts of dry weight and protein than the
green plant immediately after germination. However, the albino followed
the same general pattern as the green plant of decrease in dry weight
and protein content during development. Presumably the dry weight
material and protein were catabolized to the same extent as the green
plants, as they resulted in camparable final amounts at the end of the
culture period. Redei (24) reported that white areas of a variegated
mutant of Arabidopsis had less protein than the wild green type.

However, he did not specify what age the plants were. This study has
revealed that the relationship of protein content between the green and
albino plants was different at different times of development. Therefore,
Redei's (24) figures could not be used for comparison. The nature of the
excess protein in the two-day old albino was not determined here. No
references to any single protein affecting albinism has been reported

in the literature.

The albino showed a campletely different pattern of DNA metabolism
during development to that of the green. The initial amount of DNA was

lower than that of the green and remained unchanged until the 9th day.
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The albino then synthesized large amounts of DNA which remained almost
unchanged at the end of the culture period. No measurements of DNA
content of other albinos have been reported.

The albino showed a noxmal pattern of initial degradation of RNA
but at a smaller rate during the first 16 days of development. After
the burst in DNA synthesis at 16 days a large rise in RNA synthesis was
observed at 23 days. It is possible that the RNA was DNA dependent
messenger RNA. Future experiments using Actinomycin D in the medium
and observing whether the RNA synthesis at this point was inhibited
would determine this. No measurements of RNA content of other albinos
have been reported in the literature, but Redei (24) reported an increase
in ribonuclease activity in a mutant of Arabidopsis. His method of
determining ribonuclease activity involved measuring the absorption of
ribonucleotides formed after degradation of yeast RNA by the enzyme
extract. The method of analyses used in this study involved the hydro-
lysis of RNA by sodium hydroxide to ribonucleotides and estimation of
purine-bound pentoses by the orcinol test. It is possible that the
orcinol was reacting with ribonucleotides which had been broken down by
a ribonuclease prior to hydrolysis by the sodium hydroxide. The albino
studied here could therefore have a high ribonuclease activity. However,
as the RNA rise was preceded by DNA synthesis it was more probable that
the orcinol was detecting a true rise in RNA content and not the result
of ribonuclease activity.

The green plant showed a normal pattern of plastid differentiation
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as reported by Wettstein (40) (4l) for other higher plants. The growth
consisted of increased size, number of grana per plastid, grana length,
and grana width.

The albino was able to develop normal plastids in the cotyledons
after germination. However, such normal plastids were smaller in all
respects and very few in number. The albino cotyledons contained only

% chlorophyll of the green plant as reported by Mahlberg and
Venketeswaran (19). Therefore, only a few normal plastids would be
expected to occur as Wettstein has established that chlorophyll synthesis
is necessary for grana production (41). Chlorophyll has been demonstra-
ted to be located in the grana and Weier (39) had suggested that chloro-
phyll was added to the granal subunits after the basic subunit structure
was laid down. Apparently the albino could form the same subunit
structure but insufficient chlorophyll was present to camplete the granal
structure in the majority of the plastids.

The disappearance of normal plastids in the albino after the two-
day period was probably due to degeneration of the existing normal
plastids, under the influence of some factor. Yoshida (45) demonstrated
that plastids degenerated when left in close proximity to the nucleus
during plasmolysis. If Actinamycin D were added to the cell, the plastids
did not degenerate, suggesting that the nucleus was producing a messenger
RNA that destroyed the plastids. He observed that plastid degeneration
did not occur when the plastids were isolated fraom the nucleus. This

factor, causing plastid degeneration, could be the high concentration of
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RNA observed in this albino tobacco at all times after the two-day time
interval.

The formation of wesicles in plastids of chlorophyll mutants have
been recorded in iojap maize (28), barley (Gateway variety) (18),
tobacco (43), hops (43), and sunflower(35). None of these investigators
studied the nucleic acids or protein content of these mutants. The
formation of vesicles in the absence of chlorophyll appears to be a
camon property of the plastid membranes. The barley (18) and sunflower (35)
mutants were shown to develop normal grana and plastids later in develop-
ment. This occurs after a spontaneous synthesis of chlorophyll in the
barley, but in the carotene-deficient sunflower, dark conditions were
required to prevent the photo-oxidation of chlorophyll. The present
study showed that in this tobacco mutant, normal grana containing plastids
formed in both germinating cotyledons and in the green patches of the
adult albino leaves. The formation of grana was slightly disturbed as
the grana length was abnormally high. This would be in agreement with
other investigations that normal grana formation in albino plants can
occur when clorophyll synthesis occurs (18) (28).

The factors causing chlorophyll synthesis in the green patches
were not investigated here. However, this study established that normal
grana and plastids can form in the albino whenever the effect of the
mutation at the gene for chlorophyll synthesis is removed.

In conclusion, the green plant was found to follow similar bio-

chemical and plastid changes during development as those reported for
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other higher plants. The albino was found to show a reduced rate of
growth under all conditions. Although the same overall pattern of
development was observed for the albino with respect to protein and dry
weight, the nucleic acid metabolism was abnormal. The DNA showed a
large increase at the same time as the appearance of the third leaf of
the albino which contained green patches. At this stage of green patch
formation, the abnormal pattern of plastid development was not followed
in these areas and normal plastids with distinct grana were observed.
Therefore the disturbed nucleic acid metabolism and the abnormal plastid
differentiation found in this mutant appear to be related with respect
to time. Whether this nucleic acid disturbance was a cause or an

effect of albinism remains to be determined.
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