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INTRODUCTION

Ephedra foliata is a lianous gymnosperm inhabiting

. o 3
arid regions like Rajasthan, belonging the order Lphedrales
(Sames,1952). It is dioecious, flowering during winter. The

malte plants grow on Capparis aphylla and Prosopis spicegera

ard female plants on Salvadora oleracea amd Gymnosporia spinosa

in and around Pilani. This plant has be2n chosen for the
present study owing to the general economic importance of the
genus and prevalence of several variations, concerning the bis-
porangiate cones, flowering period in males and morphology and

water relations of seeds.

The present study includes I. Diurnal mitotic periodi-
city, II. Karyotype analysis, III. Natural aberrations and

IV. Induced aberrationse.

Cell division, being an aspect of growth is influenced
by the circadian fluctuations of environmental conditions,
because growth on the whole is rhythmic. But thers is dearth of
information (l4rickson,1964) in this line except for a few old

references (Friesner,1920 and the references cited shere) .

Karyotype analysis forms the basis of any cytological

study becausz of its general fixity and inevitability in explain

ing chromosomal aberrations. The only information known about
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dphedra foliata is that its haploid number is 7, consisting

of 5 metacentrics and 2 acrocantrics (Mehra,1946).

Wwhile studying the karyotype many spontaneous aberra-
tions have been encounterad and hence are duely incorporated.
Because spontaneous aberrations are supposed to be indices of

karyotype instability which inturn is a concomitant of microevo-

lution.

Induction of aberrations may point to possibilities
fof improving a plant for economic exploitation. It must be
remembersd that therapeutically important dphedrine is present
in several other species of tSphedra, but foliata. Aminoacids,
which are nutritive, if deficient may hinder certain biosyn-
thetic pathways. But what happens, if they are excessive, is
not known from the cytologicnl point of view. The second
category of chemicals are the antineoplastic alkaloids of Vinca,
used in the chemotherapy of cancer. These have earlier been
employed only on animal tissuss (Nuess et al,1964). A study of
their effects on the normal plant tissues might assist in the
cytological elucidation of tumour inhibition in some unknown
way. Further, both types of chemicals, are being employed for
the first time oa any plant tissue. However, the main purpose
of employing these "hutritive" and "toxic" chemicals is to probe
newer avenues of information about their mutagé:ﬁi otency as

observed cytologicallye.
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RaVIsW OF LITESRATURE

Investigations on the genus Sphedra initiated by
Stapf (1889) have been followed by Jaccard (189L4) who was the
first to fimd out the chromosome aumber for any Sphedra sSpp,

when he reported that the somatic number of E. helvetica is 8.

Land (1904) has reported the somatic chromosome number of E.

trifurca to be 12, The same number has been reported for H.

distachya by Berridge and Sandey (1907). Howavef)all these are/
of historical interest and now the chromosome numbers of about

20 species in an estimated total of 32, are known authentically.

Geitler (1929) reported the haploid and dipleid

pumbers for B. major and §.campy10poda to be 7 and 14. The dip-

loid numbers of H. americana, S. distachya, H. equisetina and E.

nebrodensis were reported by Florin (1932) and of E. altissima,

&, distachya and Z.ginica by Resende (1937). Mehra (1934,

1946) , Hunziker (1953,1955) , Krapovickas (1955) and Vazquez(1959)
are some important workers who reported the chromosome numbers
for various other species of Bphedra, from Asia, South America,

durope etct These inClude _E_.foliata,h], gerardiana’ E.intermedia

1

&, sexatilis, 4. likiagenesig_é. altissima var algerica, &,

sinica, &. americana, f. andina B, rupestris, B. breana, B
’ ; e - —_—— —

frustillata, B,ochreata, &, triandra, &, tweediana &, nebrodensis

etc., DMehra (1946) gave a summary of chromosome numbers based on



the earlier accounts and his own work. This was later modified
by Khoshoo (1961) in the 1light of newer reports. A consolidated

account of chromosome numbers is presented in the Table A.

Concerning &. foliata, Mehra (1934) was the first to
report its haploid chromosome qumber as 7, which was supported
by Maheshwari (1935) . But Mulay (1941) felt that it is likely
to be more than 7, perhaps 10 at Jjeast in the species growing

in Karachi, Sind.

according to lMehra (1946) the basic chromosome number
of the genus is 7, consisting of 5 long metacentrics and 2 short
aerocentrics. Satellitss wers not found although secondary
constrictions were observed., He feels that autopolyploidy is
of common occurrence in the genus and the sizes of meiotic
chromosomes is about half of the mitotic ones. Hunziker (1955)
concurs with Mehra's account of the basic chromosome complement.
In a tetraplod species (B. andina) he recorded 10 metacentric
and 4 acrocentric chromosomes in the haploid complemrent. Accord-

ing to him, the karyotypes of only E., gerardiana and B, sinica

are different from the aforementioned basic type prevalent among

the rest of the species of fphedra. He reported the presence

of satellites in the species he worked. However, a detailed | o
= f

study of the karyotype has not been attempted.,

Cytological work other than concerning the chromosome

number is very meagre. Gifford (1941) worked on the cytohisto-

logy of shoot apices in &, altissima, Mehra (1934,1938) germina-

ted the pollen grains of @, foliata and &, gerardiana in artificia




cultures amd studied their cytology. Mehra (1946) further
reported the occurrence of di ploid pollen grains in some species

and inequality in the size of the two male nuclei (1950) in

B, altissima,E. intermedia and B. sexatilis. He also studied

(1949) the effect of sulfanilamide on the pollen grains of E.

foliata, i&. sinica, E.intermedia,and S. sexatilis. Pathania

(1961) studied the effects of Sodium nucleate on the root tips

of &, foliata and E. gerardiana. Sarma (1968) induced chromosome
breakages in the root apices of &. foliata by employing coumarin.
iffects of low temperature on diurnal mitotic periodicity (in

press) and effects of sulfanilamide on mitosis (in press) in the

same material has also bean studied by Sarma.



Table A

Chromosome numbers of sSphedra

Chromosome
S51.No. Spacies number Reference
n 2n
1. B. altissima 11 28 Resende 1937,Mehra 1946
2., &. americana 7 14 fég;in 1932,Resende 1937,Hunziker
as andina - 14,28,30 Resende 1937,Hunziker,1953,1955
as rapestris - 14 Krapovickas 1954, Hunziker 1955
3. £, breana - 14,28 Hunziker 1953,1955,Krapovickas 1955
L. B. distachya - 28 Florin 1932,Resende 1937
as gerediana 7 - Mehra 193L4,1946
5. B, equisetina - 14 Florin 195&
6. E, foliata 7 - Mehra 1934,1946
7. E. fragilis (compylopoda) 7 14 Geitler 1929
8. S. frustillata - 14 Krapovickes 1954 ,Hunziker 1955
9. E. helvetica 8 - Jaccard 1894
10. E. int2rmedia 1L 28 Mehra 1946




MATERIALS AND MiTHODS

The seeds of Zphedra foliata were collected in the

month of May from the neighbourhood of Pilani, Jhunjhunu dis-
trict, Rajasthan. They were germinated and the experiments
with root tips were carried out before October, because the

sced viability is lost with the onset of winter.

I. Diurnal mitotic periodicty: - Presoaked seeds were placed

for germination in soil-filled petridishes. The controls were
kept under norml conditions of photoperiod and temperature.
Normal photoperiod consists of 10 light hours and 14 dark hours.
Continuous dark treatment involvqg_the germination of seeds in
a dark chamber, the temperature being the same as in controls.
The low temperature treatment i§ given by germinating the seeds
in refrigerator adjusted at 6°C. Continuous light treatment

was given by germinating the seeds under a fluorescent tube

light of LO watts.

Root apices of about 5 mm length from controls ard
treatnem s were collected at hourly intervals throughout the
2L hours of day and night. They are then fixed in Carnoys
fluid for 15 minutes and stored in 70% alcohol. Conventional
methods had been followed (Darlington and La Cour,1963) for
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staining, squashing and preparing the slides. The squashing
and mounting of the material have been done under a cover
glass, which helps in avoiding squeezing of cells by ensuing
large space. Yet enough care has been taken to prevent any
loss of material from underneath the cover glass. Various
mitotiec phases hav2 been scored from the temporary prepara-
tions following the sampling method of Brown and Rickless,
(1949) . The mitotic amd phase indices have been calculated
according to the following methods,.
Number of dividing cells
Mitotic Index : X 168

Total number of cells

Number of cells in a particular phase

Phase Index: X 100

Number of dividing cells

II. Karyotype analysis: For the diploid karyotype analysis, root

apices of appropriate size were pretreated in 0.,05% colchicine
for about an hour. After washing they were fixed in Carnoybs
fluid for 15 minutes and stored in 70% alcohol. Temporary and
permanent slides were prepared following the conventional
schedule,

Camera Lucida diagrams of well-spread metaphases were
drawn from roottip squashes for karyotype analysis. Photomicro-
graphs of suitable metaphases were also taken. Total lengths
of chromosomss, and of their individual arms were measured;
Further analysis and fixing of the karyotype has been done

following the practices of Battaglia,(1955) and Bansal et.al
(1965) .



III. Netural aberrations: The natural aberrations were

observed and scored from the root tips fixed in Carnoy's
fluid as well as acetic alcohol, stained in Leuco Basic
Fushsin and squash:d in acetocarmine. #Aceticacid-N-Butyl
alcohol schedule has bazn followed in making the slides

permanent . Percentage distribution of various aberrations

was calculated.

IV. Inducad aberrations: To study the induction of aberrations,

root apices were treated with bhe following chemicals. 1.
Arginine, 2. Glycine, 3. Methionine, 4. Threonine, 5.Valine
(amino acids) 6. Lochnerinine, 7. Sitsirikine, 8. Vinblastine,
9.Vinddoline, 10.Yohimbine (antineoplastic drugs). The amino
acids used were the aqueous solutions of 0,01%, 0.05%, and
0.1% concentration and antineoplastic drugs 0.001%,0.002% and
0.004%, The latter are prepared from the stock solution of
0,01% strength made in benzene. The amino acids were of &,
Merck's make and alkaloids were procured from Lily Research

laboratories, Indiana, U.S.A.

Uerminating seeds with healthy root apices were
treatedrin_theVaforementioned solutions for different durations
-- 1, 3, 6, 12, and 24 hours. After the treatment, the root
apices were cut, washed, fixed in Carnoy's fluid for 15 minutes

and stored in 70% alcohol. Temporary and psrmanent slides were
made according to conventional techniques,(Darlington and La

COU.I" ? 1963) °
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L.

s DIURNAL MITOTIC PERIOPICTITY

sxplanation of terms amd abbraviations

Mitotic cycle: Duration of mitotic activity from its

inception to the finish. In a cell
population, high prophase index with a
corresponding low telophase index is the
beginning of a cycle, Similarly low
prophase index and corresponding high

telophase index marks the end of a cycle.

Preparatory period: Period of negligible mitotic
indices.
Peak: State of high mitotic index with low
mitotic indices precedin- and following.
Fall: State of low mitotic index with high
mitotic indices pPreceding and following,
Wallow: A sudden decrease or increase of pProphase

index or telophase index against the

usual course of cycle,

2. Prophase depress wallow: A sudden decrease in the

prophase indices, when they should

normally rise.

b. Prophase spurt wallow: A sudden increase in the prophase

indices, when they should normally

decrease,

C. Telophase depress wallow: 4 sudden decrease in the

telophase indi ces, when they shoulg

normally rise,
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d. Telophase spurt wallow: A sudden increase in telophase

6., Overlap:

indices,when they should normally

decresase.

A state of relation betwzen prophase and
telophase when their indices run paralelly "
with esach other or even o2 making the
other,numerically insignificant instead
of following the usual inverse relation-
ship. The former is callad paral=1l

overlap, and the latter, the obliterate

overlap., If the parallel overlap is due
to increase of telophase (at the begining
of a cycle) it is called the Parallel

Ascending Type. But if it occurs owing to

decrease in telophases (at the end of
cycle), it is called the Parallel
Descexding Type.

7. Abbreviations used in various tables of this chapter:

TG
™
Ip ¢
Tm
Ta
Tt

Total Cells pi : prophase index
Total kKitoses mi ! metaphase index
Total prophase ai : anaphase index
Total metaphases ti : telophase index
Total anaphases MI : Mitotic Index

Total telophase
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1. Controls

General mitotic activity:

(Table I.1,Fig.I.1)

Under normal conditions of temperature and photo-
period the diurnal mitotic activity proceeds steadily.
Divisions are negligible during two periods - (i) 10-12 am,
and (1i) 8-12 pm which are called "Preparatory periods”. The
former is the first preparatory period and the latter, the

secord. The duration of these periods totals to 6 hours.

The number of cells studied range between 1970 and
3214, of the dividing cells between 0.20 and 7.15. The means
of all studied cells, observed mitoses and mitotic indices
work out to be 2562.3,101.9 and 3,94, respectively. Similarly,
the mean indices of prophase, metaphase, anaphase and telophase

31.95, 15.69, 18.17 amd 34.20, respectively.

Mitotic cycles:
(Table I.2, Fig., I.2)

The division patterns are highly rhythmical. There
are on the whole Five cycles of mitoses, falling broadly into
two waves, The first wave consists of 3 cycles (ecycles 1, 2
and 3) armd the second wave, 2 cycles (cycles 4 and 5)., Two

preparatory periods intercept the two waves. Within a wave the
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cycles are continuous and successive.
The cycles are as follows:

1. 12 - 2 am
2, 2~ 5am
3. 5 - 10 am
Lo 12 - 3 pm
5. 3-8 pm

The first cycle takes only 2 hours, whereas the
second and the third cycles take 3 and 5 hours respectively.
Thus the duration of the first wave is 10 hours (12 pm = 10 am) .
Then the first preparatory period of 2 hours duration (10 - 12 am)
sets in. The fourth cycle which follows is completed within
3 hours and the fifth cyecle, within 5 hours. o0 the duration
of the second wave is 8 hours (12 - 8 pm). Thus the range of
duration of cycles lies between 2 = 5 hours. The mean duration
works out to 3.6 hours. Now the second preparatory period of
l, hours duration (8 = 12 pm) sets in, which in turn is followed
by the first cycle (of the first wave) of the next day. Thus

the cycle continues.

In the first cycle, starting after the second
preparatory period the mean mitotic index is 7.02. Among the
phase indices that of prophase is more (35.30) than those of
others., Metaphase index is the lowest (14.69) . It is in this

cycle that the highest mitotic peak has been recorded at 1 am
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(7.15)., The second cycle has a mean mitotic index of 5.96,

The maximum phase index is of prophase (32.79) and minimum,

of metaphase (19.03). In the third cycle the mean mitotic
index is L4.73. The maximum phase index is of prophase ( 33.89)
and minimum of metaphase (15.15). This cycle is followed by
the first preparatory period. The average mitotic index i1n

the whole first wave, thus works out to 5.97. In the fourth
cycle, starting after the first preparatory period, the mean
mitotic index is 5.39. The maximum phase index is of telophase
(33.79) and minimum of metaphase (16.62). In the fifth cycle,
the mean mitotic index is 4.08. The maximum phasic index is

of telophase (33.81) and minimum of metaphase (15.01). This is
followed by the second preparatory period. The average mitotic

index in the whole second wave works out to A4.73.

The mean mitotic indices of the five cycles ranging
between 4.08 and 7.02, when pooled together with the negligible
mitotic indices of the preparatory periods result in an overall
diurnal mean mitotic index of 3.94 for the root tips grown

under normal conditions of temperature and photoperiod.

Phasic behaviour:

(Table I.2,Fig.I.2)

Through out the course of dividion, in all the cycles,
an inverse relationship between prophases and telophases has
been observed., In the first three cycles that run from 12 to

10 am, the prophase indices are always more amd the metaphase



indices, the least. But the telophase indices, except in

the second cycle, are almost nearer to those of prophase
indices. In the last two cycles, running from 12 - 8 pm,
telophase indices are more and metaphase indices, the least.
But the prophase indices also run very close to those of
telophase. So the maximum indices are always those of either

prophase OT telophase ard minimum, those of metaphase.

-

-



Diurnal distribution of mitoses and mitotic phases in the root apices of
gphedra foliata grown under norm2]1 conditions of photoperiod and temperature

iy ™ To pi T mi Ts ai Tt ti

T MI

AM 1. 2463 176 94 53441 29 16.48 27 15.34 26 14.77 245

2 2700 186 32 17,20 2L 12,90 34 18.28 06 51,61 6.89

3. 2851 166 76 45,78 28 16,87 2l 14,46 38 22,89 5,82

L. 2608 170 24 14,12 36 21,18 58 34412 52 30.59 6,52

By 2750 152 23 15.13 20 13,16 21 13.82 88 57.89 5.53

6. 2310 154 110 71.43 14 9.09 10 6.49 20 12,99 6.67

7 2436 147 56 36.10 28 19.05 25 17.01 38 25.85 6.03

8. PANA 136 20 14,71 30 22,06 L8 35.29 38 27,94 6.34

9. 2473 106 12 11.32 11 10.38 13 12.26 70 66,04 L.29

10, 2347 g2 - 1 - - - 5 - 0.34

11 2461 Q% 4 - 1 - 1 - 3 - 0.37

12, 2600 b 2 -. 1 - 1 - 2 - 0.23

PM 1. 2801 14,2 72 50,70 2L 16,90 21 14.79 25 17.61 5,07

- 2895 159 45 28, 30 LO 25,16 L2 26442 32 20,13 5,49

2. 2745 154 26 16,88 12 7.79 18 11.68 98 63.64 5.61

L. 2601 1,2 80 56,34 20 14,08 20 14,08 22 15.49 5,46

5e 2533 149 75 50434 20 13642 22 1l 77 32 21 aleT 5.88

6. 28 30 144 28 19.44 34 23,61 L6 31.94 36 25.00 5.09

7 2362 101 8 7.92 9 8.91 10 9.90 7L 73.27 L, 28

8. 1970 Lk 1 - 1 - - - 2 i 0.20

9. 2646 9% L - 1 - 1 - 3 - 0.34

D 3214 10% 3 - 2 - 1 - L - 0,31

11w 2413 11% 3 - 2 - 1 - 5 - 0.46

V2 2342 5k 2 - 1 - - - 2 - 0.2%

Total 61495 2446 802 511,12 389 251,04  LLbL 290,66 811  547.18 94,57
Mean 2562.3 101.9 33.4  31.95 16.2 15,69 18.8 18.17 33.79 34.20 3,94 .

#5,02 +1.35 +2,21 +5.17 +0.55

#* Regarded negligible and henc:z not considered for further analysis.



Table I.Z2

Nature of mitotic activity in the root apices of Ephedra
foliata grown under normel conditions of photoperiod ané

temperature

S .No. Item of study Number g 3 cycle
1 2 3 L 5
1. Duration of the cycle 12pm=2am 2%5 am 5-10 am 12am=-3pm 3-8 pm
24 Time taken by the cycle 2 hrs 3 hrs 5 hrs 3 hrs 5 hrs
3. Range of mitotic indices 6.89-7.15 5052-6.,52 0,34-6,67 5.07-5.61 0.2-5,88
L. Mean mitotic index 7.02 5.96 L.73 5,30 l,08
5 Mean prophase index 35,30 32.67 33.89 31.96 33,51
6. Mean metaphase index 14.69 19,03 15.15 16,62 15,01
A Mean anaphase index 16.81 21,86 17.74 17.63 17.67
8. Mean telophase index 33.19 254 Ll 33,21 33.79 33.81
9. Number of mitotic peaks I L
10, Time of maximum mitoses 1 am
11, Number of mitotic falls I L
12, Time of minimum fall I L
134 Number of preparatory- 2
periods
s Duration of preparatoryperiods 10-12 am 8-12 pm
15 Time taken by preparatoryperiods 6 hrs (2 + 4)
16. Numbar of wallows I L
a. prophase depress wallow
b. prophase spurt wallow
Co telophase depress wallow
do telophase spurt wallow
17 Number of overlaps I L
ae. obliterate
b. parallel ascencing
e parallel descending

R R R RSN
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2. Low temperature

General mitotic activity:
(Table I.3, Fig. I.3)

The roottips from low temperature treatment diurnally
manifest an ebb-tide pattern of divisions. There are peaks
and falls in the mitotic indices which are spread over somewhat
evenly throughout the day and night. There are altogether 6
peaks of which 4 are prominent (8 am, 2 pm, 7 pm and 12 ) and
2 less so (10 am ard 4 pm). There are 6 falls 3 prominent
(5 am, 2 pm and 8 pm) ard the rest 3 less so (9 am, 1 pm and
5 pm) . The maximum peak has been recorded at 7 pm when the
mitotic index was only 21.32, Further, 3 pm is the only time
of negligible mitotic activity.

The number of cells studied range between 1606 and
3034, of dividing cells between 4 and 470 and of the mitotic
indices between 0.24 and 21.32. The means of total cells
Studied observed mitoses and mitotic indices work out to be
2333.4, 148.89 and 6.45, respectively, Similarly, the mean
indices of prophase, metaphase, anaphase and telophase are

38.84, 30,48, 10,19 and 20,49 respectively,

Mitotic eycles:
(Table I.k4, Fig. T.4)

®

The division patterns in the root tips get disturbed



16

slightly. There are on the whole 5 mitotic cycles., Unlike

in the controls they do not fall into any categorised waves.
Generally the cycles are continuous occurring one after another.
The period between 8 and 9 pm is regarded as a preparatory
period owing to the negligibility of prophase indices and
remnancy of telophases, although definite preparatory periods

comparable to those in controls. ot oLgenk
The five cycles are as follows:

1. 2 -5 am

24 5 =11 am

3, 11 am - 3 pm
Lo 3 -8 pm

Be 9 pm - 2 am.

The first cycle takes only 3 hours, the second,
6 hours, the third 4 hours, the fourth 5 hours and the fifth
also 5 hours. In between the fourth and the fifth cycleg there
is a brief preparatory period of one hour duration. Thus the
range of duration of cycles lies between 3 and 6 hours. The

mean duration works out to 4.6 hours,

In the first cycle the mean mitotic index is 1.49.
Among the phase indices, that of metaphase (47.29) is maximum
and of telophase {6.48), the minimum. In this cycle there is
only one mitotic fall. In the second cycle, the mean mitotic

index is 7.71. The maximum phase index is that of prophase
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(42.48) and minimum that of anaphase (11.55). In this cycle,
there are two mitotic peaks amd one mitotic fall. In the

third cycle the mean mitotic index is 6.14. Among the phase
indices that of prophase is maximum (59.37) and that of
anaphese minimum (5.50). In this cycle thers is one mitotic
peak and the fall at 3 pm is the lowest in this treatment when
the mitotic index is merely 0,24, In the fourth cycle, the
mean mitotic index is 6.48. The prophase index is the maximum
(46.12) anmd anaphase index (7.66), the minimum, among the phase
indices. In this cycle there are two mitotic peaks at 4 pm

and 7 pm, amd two falls at 5 pm and 8 pm. The peak occurring
at 7 pm is the maximum in this treatment when the mitotic index
is 21.32., Now a preparatory period of one hour duration sets
in (8+9 pm), followed by the fifth cycle. 1In this last cycle,
the mean mitotic index is 8.23. Maximum phasic index is that
of prophase (34.72) and minimum that of anaphase (12.70). There
is only one mitotic peak.

Phasic behaviour:

(Table I.4, Fig, I.b)

The relative dominance of various phase indices is
slightly different in different cycles. In the first, metaphase
indices are maximum and telophase indices, minimum., 1In the
rest of the cycles, prophase indices are the maximum and
anaphase indices, the minimum. But in case of the third and

fourth cycles the amaphase indices are extremely low and in the
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fifth cycle the prophase and metaphase indices are very close.
So the maximum indices are always those of prophase or metaphase

and minimum of anaphase or telophase, under low temperature.

During the course of the second cycle, the prophase
jndex exhibits a "wallow™ at 8 am when it suddenly falls as
against the normal course. Hence, this 1s called the "prophase
depress wallow". In the same cycle, at the same time (8 am),
the telophase index suddenly shows an increase which hence is

called the "telophase spurt wallow.,"

In the third, fourth and the fifth cycles, the
inverse relationship between prophases and telophases is dis-
turbed and hence "overlaps"™ occur, one in each cycle. Thege are
of the "parallel" type during 3-4 pm and 8-9 pm because indices
of prophase amd telophase simultaneously increase without mask-
ing either. These are called the "ascending" type because the
telophases rise instead of falling, During 1 to 2 am, the
overlap is of the "parallel descending" type as the telophases
fall_simultaneously with prophases when they should normally

rise,

e



Table I.3

Diurnal distribution of mitoses and mitotic phases

in the root apices of fiphedra foliata grown und2r low tempsrature

T TC ™ Tp pi Th mi Ta ai Tt ti MI
AM 1. 3012 195 20 10,26 65 33633 33 16.92 77 39.49 6.47
2., 2886 79 2 2.53 50 63.29 17 2%.52 10 12.66 2.7L
3, 2100 L2 8 19.05 22 52,38 5 11.90 7 16.67 2,00
be 2658 40 12 30.00 18 45,00 3 T 00 7 17:.50 1.50
e 2367 23 3 13.04 10 L3.48 3 13.04 7 30,43 0,97
6., 1606 80 30 3750 20 25,00 10 12.50 20 25,00 L.9o8
7: 1926 202 124 61.39 29 14,36 17 8,42 32 15.84 11.70
8, 2550 379 151 39.84 75 19.79 37 9.76 116 30,61 14.86
9, 1913 60 35 58.33 10 16.67 6 10.00 9 15,00 2. 14
10. 2807 226 117 50,00 35 15,49 114 6.19 61 28,32 2,05
11, 3034 107 2 1.87 L6 L2.99 2L 22,43 35 321 3.53
12, 2253 75 31 41433 16 21.33 * 9.33 21 28,00 3.33
PM 1. 1918 21 9 L2 .86 6 28 .57 1 L.75 5 23,81 1.00
2; 207 k12 387 93.93 6 1.46 10 2.43 9 2.18 19,89
3. 1641 L% 2 - - - - - 2 - 0.24
Le 2456 93 33 35,48 22 23.66 10 10,75 28 30,11 3.79
5, 2439 L, 21l 2hs58 10 2073 3 6.82 7 15.91 1.80
6; 2357 100 61 61.00 12 12.00 10 10.00 17 17.00 L.2L
7: 22D5 470 374 19357 36 7.66 21 LelT7 39 8.30 21 038
8., 2612 32 - - 30 9375 2 6.25 - - .29
9, 2381 140 - - 69 L9.29 20 14,29 51 36.43 5.88
10. 2081 143 76 53,15 26 18,18 13 9,09 28 19,58 6.87
11, 2650 229 158 69,00 L7 20,52 14 6.11 10 .37 8.6
12, 2280 375 145 38,67 113 30,13 37 9,87 80 21.33 16.15
Total 56003 3571 1800 893.34 773 701.05 317 234.35 681  471.24 154.72
Mean 2333.4 148.8 75.0 8.8, 32,2 30.48 13,2 10.19 28,4 20.49 6.45
+5.48 +4.31 +1.05 +2.,23 +0,91

* Regarded negligible and hence not considered for further analysis



) Nature of mitotic activity in the root apices of
BEphedra foliata grown under continuous low temperature

S.No Item of study N~-umber of cycle
1 o 3 L 5
Tas Duration of thes cycle 2-5 am 5-11 am 11am-3pm -8 pm Opm=-22
25 Time taken by the cycle 3 hrs 6 hrs L hrgp 35 hrs 'gwhésm
o W Range of mitotic indices 0.97-2.74 0.,97-14.86 0,24-19,80 0,24-21,32 2.7L=16 .45
Lo liean mitotic index 149 171 6.14 | 6.48 8.23 .
5. Mean prophase index 20.69 L2.48 50,37 L6.12 34,72
5, Mean metaphase index L7, 29 22,38 17.12 31.96 33,00
Ts Mean anaphase index 10,81 1125 5.50 7.66 12,70
8. Mean telophase index 6.48 24458 17.99 14,26 19,48
9. Number of mitotic peaks - 2 1 2 1
10. Time of maximum peak 7 pm
: Number of mitotic falls 1 1 2 2 -
12 Time of minimum fall 3 pm
13 Number of preparatory
periods 1
14, Duration of preparatory
periods 8-9 pm
15. Time taken by preparatory
periods 1 hr.
16, Number of wallows 2

a, prophass depress wallow

b. prophase spurt wallow

c. telophase depress wallow

d. telophase spurt wallow
17, Number of overlaps

a., obliterate

b. parallesl ascending

c. parallel descendiag - -
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3. Darkness

General mitotic activity:

(Table I.5, Fig. I.5)

Mitotic indices in root tips maintained under

total darkness exhibit a wavy pattern. However, 4 peaks are
recognisable. These occur at 2 am, 8 am, 2 pm and 9 pm, the
one occurring at 8 am being the only prominent one. Similarly
there are three falls occurring at 7 am, 1 pm and 7 pme The
maximum mitotic peak has been recorded at 8 am when the mitotic
index was 13.12 and the minimum fall, at 7 am when the mitotic
index was 0,90, There is not a single time when the mitotic

activity is negligible, nor are there any preparatory periods.

The number of cells studied range between 2120 and
3372, mitoses between 22 and 359, and mitotic indices between
0.90 and 13.12, The means of total studied cells, mitoses and
mitotic indices work out to 2682.3, 86.21 and 3.21 respsctively.
Similarly, the mean indices of prophase, metaphase, anaphase

and telophase are 30,23, 29.77, 15.61 and 24,39,

Mitotie cyecles:

(Table 1.6, Fig, I.6)

The mitotic activity is impaired to a considerable

extent. There are on the whole five mitotic cycles. Unlike in



the control, thay do not fall into any categorigsed waves.

Generally, the cycles are continuous occurring one after the

othar.

The five mitotic cycles are as follows:

1. 2 -6 am

2, 6 =11 am

3. 11 am - 6 pm
k. 6 - 10 pm

56 10 pm - 2 am

The first cycle takes only 4 hours, the second
5 hours, the third 7 hours, the fourth 4 hours and the fifth
, hours. Thus the range of duration of cycles lie between

), = 7 hours and the mean duration works out to 4 - 8 hours,

In the first cycle, the mean mitotic index is 3.11,
The maximum phasic index is that of metaphase (34.15) and
minimum that of telophase (11.23)., There are no mitotic peaks
and falls. The mean mitotic index in the second cycle is L.74.
Among the phase indices, metaphase index is the maximum (32.61)
and telophase index (18.25) minimum. In this cycle, there is
one mitotic peak and one mitotic fall which are the maximum
ard minimum respectively in this treatment. In the third ecycle,
the mean mitotic index is 2.66. Maximum phase index is that of
telophase (33,58) and minimum that of prophase (17.78). There

is only one peak and one fall. The mean mitotic index in the
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fourth cycle is 2.63. The maximum phase index is that of
prophase (47.82) amd minimum that of anaphase (7.08). There

is only one peak and one fall, In the fifth cycle the mean
mitotic index is 2.92. Among the phase indices, the maximum is
that of prophase (35.48) and minimum that of anaphase (15.41).

There is only one mitotic peak. No falls are observed,

Phasic behaviour:

(Table I.6, Fig.I.6)

The relative dominance of different phase indices in
different cycles is variable. In the first and the second
cycles the metaphase indices are maximum and the telophase
indices, minimum, In the third cycle the telophase indices
are maximum and the prophase indices, the least. In the fourth
and fifth cycles the prophases are maximum and amaphases,
minimum. But in the latter, the prophase indices and metaphase

indices run closely.

Under this treatment there are five wallows = three
of prophase and two of telophase, The prophase wallows are of
depression type occurring at 8 am (2nd eycle), 1 pm ( 3rd cycle)
and 8 pm (4th cycle) and the telophase ones are of spurt type
occurring at 8 am (2nd cycle) and 3 pm ( 3rd eyele) .

There is a single overlap from 11 am to 1 pm ( 3rd cyecle)
when telophase indices run very high instead of coursing down,
and completely make insignificant the rising prophase indices of
the ensuing eycle., This is referred to as "Obliterate Overlap",



Table I.5

. Diurnal distribution of mitoses and mitotic phases in
Tthe root apices of #fphedra foliata grown under continuous darkness

T PG ™ Tp pi Tm mi Ta ai Tt t1 MI
AM 1., 2703 74 72 97.30 2 2:70 - - - - 2. 74
2 2930 126 26 20,63 65 51.59 13 10, 32 22 17.46 4,30
3. 2892 121 64 52.89 3L 28.10 7 518 16 13,32 L,18
4o 3030 109 L3 39.45 30 2752 2 11:00 2L 22,02° 3.60
Ba 2480 L8 16 33:33 14, 29,17 6 12:50 12 25,00 1.94
6. 2348 6L 7 10.94 14 21.88 10 15.63 33 51.56 2:73
T 2435 2e 12 55455 6 * o b | - 9.09 2 9.09 0.90
B 2736 359 76 21.17 106 29.53 97 27,02 80 22,28 1312
9. 2275 126 53 42,06 38 30,16 20 15.87 15 11.90 545k
10, 2237 51 7 13673 15 29. 41 17 3%2.33 12 23.53 S
11 2411 L5 - - 21 L6,67 13 28.89 11 Rlyo Ll 1.87
12 3028 67 7 10,45 19 28,36 15 22. 39 26 38.81 Ssal

PM 1. 3372 51 3 5,88 17  33.33 10 19,61 21 L1.18 1.41
2 2120 98 22 22,45 37 37.76 19 17.35 22 22.45 L.,62

3. 3010 120 39 32.50 28 23.33 20 16.67 33 27.50 3,99

Lo 2729 63 23 36.51 16 25,40 16 25,40 8 12,70 2. 31

5, 2630 56 7 12.50 17 30.36 10 17.86 22 39,29 2:13

6., 2570 L8 2 LT 17 38542 3 6.25 26 54,17 1.87

7. 3050 37 23 62,16 11 29,73 1 2.70 2 5¢ 11 1.11

8. 2301 60 36 60,00 10 16,67 L 6.67 10 16,67 2.61

9. 288 3 113 7h 65.49 16 14.16 1 0.88 22 19. 47 3.92

10, 270L 83 3 3.61 98  42.17 15 18.07 30 36,14 3,07
11, 2833 70 7 10,00 30 42.86 13 18.57 20 28.57 2. 47
12, 2668 58 8 13.79 18 31,03 19 32,76 13 22.41 2.19
Total 64375 2069 630 725.56 616 714,56 341 374,61 L82 585,27 77.08
Mean 2682.3 Bb.2 20,3 30,23 25.7 29.77 1.2 15,61 20,08 24,39 3.21
+5.04 +2,12 +1.94 +2.77 +0,49




Table I.6

Nature of mitotic activity in the root apicas of
liphedra foliata grown undar conti nuous darkness

S.No. Item of study Number of cycle
1 2 3 L 5
1. Duration of the cycle 2-6 am 6-11 am 11am-6pm 6-10 pm 10pm-2am
Ze Time taken by the cycle L4 hrs 5 hrs 7 hrs 4 hrs 4 hrs
B Range of mitotic indices 1.94=4, 30 0,9-13.12 1.41-4,62 1.11-3,902 2.17=4,30
ks lean mitotic index 3. 17 La7L 2,65 2,63 2.92
5 llean prophase index 27.95 26,30 17.78 L7.82 35.48
6. Mean metaphase index 3k.45 32.61 3057 25,66 32,05
T Mean anaphase index 26,67 22.84 17.93 7.08 15.41
L llean telophase index 1123 18,25 33.58 19.42 17.11
o Number of mitotic peaks - 1 1 1 1
10, Time of maximum peak - 8 am - - -
134 Number of mitotic falls - 1 1 1 -
12, Time of minimum fall - 7 am - - -
13 Number of preparatory - - - - -
eriods
144 uratioa of preparatory
eriods - - - - -
15. ime taken by preparatory
periods - - - - -
16, Number of wallows 5

d. prophase depress wallow

b. prophase spurt wallow

C. telophase depress wallow

d. telophase spurt wallow
17 Number of overlaps 1

a, obliiterate

b. parallel ascending

C. parallel descending - -

[ I I |

- | | -

- ] | e
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1(11am-1pm)
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L. Light

General mitotic activity:
(Table I.7, Fig. I.7)

The root tips maintainad under continuous light
mnifest a wavy pattern of cell divisions, However about 7
peaks can be recognised at 3 am, 8 am, 12 am, 2 pm, 6 pm,
9 pm and 12 pm. Similarly, there are 7 falls at 1 am, 7 am,
9 am, 12 am, 5 pm, 7 pm and 10 pm, the last being the only
steep one when the mitotic index was 1.6. The maximum mitotic
peak has besen recorded at 6 pm, when the mitotic index was
10.45. The mitotic activity is never negligible and hence there

are no preparatory periods,

The number of cells studied range betwsen 972 and
3180, mitoses between 24 and 256, and mitotic indices between
1.6 and 10.45. The means of total studied, cells observed
mitoses amd mitotic indices work out to 1955.9, 140.7 and 7.36
respectively, Similarly the mean indices of prophase, metaphase,
anaphase and telophase are 47.68, 21,59, 7.56 and 23.17,

respectively,

Mitotic cycles:
(Table I.8, Fig, I.8)

The rhythm of mitotic cyeles is disturbed to the

maximum extent. The inverse relationship between the prophase



and telophase indices has bezn greatly impaired. There

appears to be on the whole only three cycles:

e L am - 1 pm
s 1 - 10 pm
3. 10 pm - 4 am

The first, and the second cycle take 9 hours each,
and the third 6 hours, Thus the range of duration of cycles
lies between 6 and 9 hours and the mean duration works out

to 8 hours.

In the first cycle, the mean mitotic index is 7.25.
Maximum phase index is that of prophase (49.19) and the minimum
that of anaphase (6.59). There are two mitotic peaks and three
falls. In the second cycle, the mean mitotic index is 6.95.
Among the phase indices, prophase index is the maximum (48.44)
and the anaphase index minimum (8.66). There are three peaks.
The one at 6 pm being the maximum under this treatment. Similarly,
there are three falls the one at 10 pm (1.6) being the minimum
under this treatment. In the third cycle, the mean mitotic index
is 8.13. Among the phase indices, prophase index is the maximum
(44.29) and the anaphase index, (7.37), the minimum,

There are
two peaks amd one fall,

Phasic behaviour:k

(Table I.8, Fig.I.8)

The relative dominance of different phase indices ig
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same in all the three cycles i.e., prophase index is the most

dominant and that of anaphase, the least.

(\

’ There are six wallows in total, threse of prophase
445;& three of prophase. Of the prophase ones, the first is
of the "spurt" type occurring at 12 am (1st cycle) and the
other two occurring at 3 pm and 5 pm (2nd cycle) are of "de-
pression" type. All the telophase wallows ars of "spurt" type,
They occur at 9 am (1st cycle), 3 pm and 5 pm (2nd cycle).

There is no overlap either of obliterate or of
parallel type. A noteworthy feature is the dominance of
prophases throughout while at the same time maintaining an

inverse relationship with the telophases.

el



Table I.7

Diurnal distribution of mitoses and mitotic phases in
the root apices of Ephedra foliata grown under continuous light

$ 10 T™ Tp pi Tm mi Ta ai i ti MI
AN 1, 2240 140 68 L8 .57 20 14.29 8 571 Ll 31.43 6,25
2, 2700 200 90 45,00 31 15.50 15 7.50 6L 32,00 7o b1
3 2740 256 112 L3.75 40 15.63 20 7.81 84 32.81 9. 3L
Le 2464 212 76 35,85 60 28. 30 12 5.66 6L 30.19 8,60
5e 1900 132 60 L5.45 2L 18.18 8 6.06 40 30,30 6.95
b 1892 112 56 50,00 2L 21.43 g 7.14 21, 21.43 5,02
%a 2036 116 68 58,62 28 b, 14 Iy 3.45 16 13.79 5.70
8. 2916 252 140 5556 52 20.63 8 .17 52 20,63 8.64
9. 2160 128 68 5313 12 9. 38 12 9. 38 36 28,13 5.93
10, 1632 156 72 L6.15 32 20.51 16 10,26 36 23,08 9.56
1. 2320 176 68 38,64 60 34.09 16 9,09 32 18,18 7.59
12, 2004 132 80 60.60 2L 18.18 L 3.03 2L 18,18 6.59
PM 1. 1240 104 36 34.62 28 36.92 8 7.69 32 30.77 8.39
24 1100 104 52 50,00 2L 23,08 12 11554 16 15,38 9.45
3. 1240 108 Ll 40,74 32 29.63 12 1911 20 18.52 8.71
L, 1132 88 60 68.18 16 18.18 L e 55 8 9.09 277
54 2140 136 6L, 47.06 21, 17.65 12 8.82 36 2647 6.36
6. 1416 148 76 51.35 28 18.92 8 5 ¢ b1 36 24,32 10,45
% 3042 136 88 6L, 71 32 23,53 - - 16 11.76 L.47
8. 3180 196 96 48,98 60 . 30,61 8 L.08 32 16, 33 6.16
9. 1000 76 2L 31.58 2L 31.58 12 15.79 16 21,05 7.60
10, 1500 2L 8 33,33 L 16.67 L 16.67 8 33.33 1.60
1. 1976 152 68 Lb.74 36 23,68 20 13.16 28 18,42 7.69
12 972 92 Lb 4L7.83 16 17.39 L L.35 28 30.43 9.47
Total L69L2 3376 1618 114L.4L3 731 598,12 235 181,43 792 556.05 176.59
lean 1955,9  140.7 67.4  L7.68 30,5 21.59 9.8 7.56 33.0 Ay 7.36
+1.92 +1.,25 +0.81 +1.48 +1.89




Table I.8

Nature of mitotic activity in the root apices
of tphedra foliata growa under continuous light

S.No Item of study Number of cycle
1 2 3

¥ Duration of the cycle Lam=1pm 1 pm-10pm 10pm=-L4am
25 Time taken by the cycle 9 hrs 9 hrs 6 hrs
B Range of mitotic indicss 5.70-9,56 1.6=-10,.45 1.6=9,47
L Mean mitotic index 725 6.95 8.13
5 Mean prophase index 49,19 L8, L4 Ll .29
&, Mean metaphase index 21. 49 23.32 19.13
Ze Mean anaphase index 6.59 8.66 737
8. Mean tzlophase index 22,72 19.58 29. 31
Qe Number of mitotic peaks 2 3 2
10. Time of maximum peak - 6 pm -
19 Number of mitotic falls 3 3 1
12, Time of minimum fall - 10pm -
17, Number of preparatory periods - - -
1k, Duration of preparatory periods - - -
15. Time taken by preparatory periods - - -
16, Number of wallows 6

a, prophase depress wallow

b, prophase spurt wallow

e, telophase depress wallow

de telophase spurt wallow
17. Number of overlaps NIL

a. obliterate

b. parallel ascending

c. parallel descending - -

=s § =}
NI
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Table I.9

amental conditions

in the root apices
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grown under different enviro
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Table I.10

%% Mean mitotic and phase indices in root apices of Hphedra
foliata grown under different environmental conditions

Environment Total cells Total mitoses Mitotic Phase indices
studied observed index prophase metaphase anaphase telophase
Control 2562.29 101,91 3.94 + 0,55 31.95 15.69 18.17 34420

+5.02 +1.35  +2,21  +5,17

Low temperature 233345 148 .79 6.45 + 0.91 38,384 30,48 10,19 20,49
+5.48 +h. 31 +1.05 +2.23

Darkness 2682,29 86,21 3.21 + 0,49 30.23 s TT 15,61 24, 39

_ +5.04 +2,12 +1.94 +2,77

Light 1955 .91 140.66 7.36 + 1.89 L7.68 21,59 7 .56 23,17

+1,92 +1.25 +0,81 +1.48

* nfeadings are means of 24 averages corresponding to the 24 hours of the day and night



Tablae I.11 >

Resums of the mitotic nature in the root apices of
Ephedqg foliata grown under different environmental conditions

No Item of study Conditicns of germination
Control Low Darkness Light
temperature
1. Number of cycles 5 5 5 3
24 ange of duration of eycle 2=5 hrs, 3-6 hrs, 4L-7 hrs 6-9 hrs
% Mean duration of cycle 3.6 hrg L.6 hrs 4.8 hrs 8.0 hrs
by Range of mitotic indices 0.2-7.15 0.24-21,32 0.9-13,12 1.6-10,45
Se Mean mitotic index 3.94 6.45 3.21 7. 36
6. Mean prophase index 31.95 38,84 30,23 L7.68
T Mean metaphase indax 15.69 30.48 29,77 21.59
Be Mean anaphase index 18,17 10.19 15.61 7.56
9. Mean telophase index 34,20 20,49 2L, 39 2317
10, Number of mitotie peaks - 6 L 7
11, Time of maximum peak - 7 pm 8 am 6 pm
12, Number of mitotic fallsg - 6 3 »
13, Time of minimum fal]l - 3 pm 7 am 10 pm
14. Number of pPreparatory
R periods 2 1 - -
15, Duration of preparatory 10-12 am
periods &
€-12 pm -9 pm - -
16, Time taken by preparatory
period(s) 6 hrs 1 hr - -
17, Number of Wallows - 2 5 6
&, prophase depress wallow - 1 3 2
b. prophase spurt wallow - 5 - 1
C. telophase depress wallow - - - %
d. telophase spurt wallow - 1 2 3
18, Number of overlaps - 3 9 F
4. obliterate - - 1 -
b. parallel ascending - 2 - 5
C. parallel descending - 1 -




Table I.12

Approximate durations of mitotic phases in the root apices

of Sphedra foliata under different environment conditions
detarminad by Index Method

Low
Control temperature Darkness Light
Prophase 69.01 107.2 87.06 228,86
Metaphase 33.89 8412 85.7h 103.63
Anaphase 39.24 28.12 Lk.95 36.29
Telophase 73.87 56.55 70.24 111.21
Total 216 276 288 480

e e

Readings are in minutes

Phase index
1. Phase duration :

o X / Duration of mitotic cycle
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II. KARYOTYPE ANALYSIS

Root apices of fphedra foliata show somatic chromo-

some numbers of 13,14,15 and 16, the commonst being 14. Even

in the 2n = 14 cells four types, - a,b,c, and d have been recog-
nised based on the total lengths and arm ratios of chromosomes
the 'a' type being more frequent. Variations in the lengths of
chromosomes in various diploid (14a,14b,14c and 14d) and aneu
ploid karyotypes (13,15 and 16) are given in Table II.1.

In the haploid complement of 14a, there are 4 metacen-
trics, 1 submetacentric and 2 acrocentrics. Average chromosome
length is 14.96 microns and arm ratio, 1.68. In 14b, there are
L metacentrics, 2 submetacentrics amd 1 acrocentric. Average
Chromosome length is 13.30 and arm ratio 1.44. In 14¢, there are

3 metacentrics, 2 submetacentrics and 2 acrocentrics. Average

chromosone length is 17.66 microns and %ﬁéﬁ ratio, 1.87. 1In
14d, there are 2 metacentrics, 3 submetacentrics apd 2 acrocentrics.,

Average chromosome length is 16.24k microns and arm ratio,1.68

(Tables II.2,II.4).

Among the aneuploids 13 type is essentially like 14a.
But one of the submetacentric pair (chromosome No.5) or of the

last acrocentric pair (chromosome No.7) is lost. In case of the



former, the average chromosome length works out to 12.87
microns with an arm ratio of 1.44 and in case of the latter,
13.07 and 1.69 respectively. On the other hand, the 15 - type
is just like the 14b type with an extra acrocentric (chromosome
7). The average chromosome length is 11.78 and arm ratio 1.42.
In 16 type there are 3 metacentrics 3 submetacentrics and 1
acrocentric, unlike any of the 14-types. The two extrachromo-
somes are the submetacentric, (chromosome 6) and acrocentric,

(Tables II.2, II.4 and Photos IX 1530«

The total, and hence the average chromosome lengths
of 14-types are more than in aneuploids (Fig.II.2). Further,
the average chromosome length showed direct relationship with

arm ratios (Table II.R2).

Neither satellites, nor secondary constrictions had
been observed except in one case (Photo II.2) where it is
noticed at the terminus of a long thread on the short arm of

the submetacentric.

Various types of diploid complemert s have been
illustrated in Fig.II.1. The chromosomes of the haploid
complements (derived from the diplqrg,sets) had been gystema-
tically numbered and karyotype formulae also had been laid
for each type (Table II.4).






Analysis of chromosome lengths in various kinds

Table II

1

of karyotypes in the root apices of &Lphedra foliata

hromosome

S 0O M A TTIC

X A R'Z2"9 % /S B 2

1ha 14b 14e 14d 13 15 16
number La Sa La g La Sa La oa La oa La Sa La Sa
Ta 10.06  9.24 9.15 8.15 12.5 10.16 9.83 9.0 8.75 8.0 T8 6.5 7.0 6.0
2 9.54 8.66 8,64 7.66 11.66 10,0 10.36 9.36 8.75 7+25 7.0 7.0 6.0 6.0
3. 9.34 8.26 8.5 7.16 12,25 9,08 9,3 8.0 8.28 - 478 7.0 6,0 6.0 5.0
L, 8.76 7.8L 8,0 6.8 10,58  8.08 10,0 8.66  8.25  7.75 7.0 6,0 6.0 5.0
5, 8.9 7.9 7.55 6475 10.33  8.83  11.65 765 8,25 7.0 6.0 5.5 3¢5 3.5
6. 8.0 7.0 7.67  6.83 9.5 8,78 11,33 6:83 7,5 65 6,0 545 525 M5
7e 8.0 7.08 720 6,66 12.33 8. 0 10.5 7.16 7.0 6.0 6.0 640 5.0 b5
8. 7.33 6.57 6.48 6,02 10.5 7,89 14,0 183 6,78 = 5.5 5.5 35 heS L5
9. 8.58 6,22 6.87 5.33 9.58 7;66 8;15 5.65 9.5 6.0 9.0 6.0 7.0 5.0
g 8obk 5.76 6.5 L5 9.25  7.08 6.8, 66 8.5 % LS 5,75 ko5 Tal B0
11, 10.58 3.82 6.25 5.0 12,0 3;33 11.83 545 9.0 B 5 8.0 Le25 7.0 4.0
12. 9.22 3,58 7.0 haok2 9.67 3,83 10.5 433 9.0 3.0 7.0 4.0 g:g ﬁ:o
13. 7.7k 2.92  8.25 3,58 1033 3,5 8.66 35 8.0 2.75 8,0 3,0 7 3
1 775 2.5 8.5 3.0 7.66 3.0 9,67 k33 7.0 % 3.0 7.0 o 3
122,24 86,35 108,36 78.86 148,14 98,63 139.62 88.46 }82{5 ;g{s 101.517573.5 100.372.22.0
- et 187.22 246,77 228,00 180/183

Readings are in wmicrons.

* [Bither may become deficient.



Type of Chromosome Chromosome Chromosome Chromosome Chromosome Chromosome Chromosome

karyotype 1 2 3 L 5 6 7 Average
7L AR TL AR L AR 2L T, W AR L AR TL AR
IL AR
E,foliat 1La. 18. 1.1 17.1 1.12 15.9 1.15  14.49 1.13 14,5 1.42 13.6 2.79 10.45 3.07
AM? >3 W (9,528,95) (9.05+8.05) (8.45+7.45) l7,26+6.83) (€.51+45.99) (9.9+3.7) (7.75+2.7) bha A O
E,foliata 14b. 16.8 1.1 15.23 1.2  1h.k 1.16 13,08 1.06 11,6 138 12033 1255 11.66 2.62 13.30 1.44
1 (8.9+7.9) (B.25+6.98) (7.61+679) (6.74+643L) (6.69+L4.91) (7.62+ks71) (8.38+3.28)
B.foliata 14c. 22.16 . 1.18 19.99 1,15 18.7 1.1 19,33 1.58 16,7 1.4 . Thih2 3,33 12,25 3.33 17.66 1.87
T 3M2SM2E) (12.08+10.08(11.h1+8.58)(9.91+8.79) (11.42+7.91) (9. u+7 3) (10.83+3.59) (8.99+3.26)
B.foliata 1hde -$19.25 . 1.1 17.98 11k 18.73 1.55 18.25 1.3 12, 68 1.48 16.07 2.28 13,08 2.94 - 16,24 1.68
2M3ST2E] ( 0.06+9. 19) (9.65+8.33) (11.49+7.24) (10 075+ 7 5)(7 L9+ 5. 19) (11-16*1+-91)(9.16+3-92)
| | 5 ‘
E.foliata(2n:13) 1638 - 1atls 16:0 . 1:05 14:63 113 12,62 1.2 1h.25 1,73 12,25 2.8 10.38 2.7 12,87/ 1
TLNTSH( -} 24( =) (8.75+7.63) (8.25¢7.75) (7.87+6.76) (6.87+5: 75) (9+5.25) (9+3.25) (7.5+2.88; 13.07 1:%3/
B foliata(2ni15) 140 4.05 13,0 1.17 11,5 1.1 9.5 1.0. 12.8 1. | 11263 1.83 1017 2.42 1178 s
TAMESTR( M2SVIA(+) ) (7.25+6.75) (7+6) (6+5.5) (5.75+k. 75) (7 38+5, 12) (7.5+Lh. 13)  (7.25+2.92) b
f.follata2n=16) s Y S b ' |
TR T4 12.8 1,08 11.0 1.2 10,8 t+ 9,28 1:05 12 1.4 1087 1,66 19 2.33 10.85 1.4
[(+) LA(+)) (6.5+6.0) (6+5) (545+5) (Lo75+ ke 5) (7+5) (6.67+4) (7+3)
g% x Eg;aiaﬁ-g%th. S mayobe- ?e)ficient'by one homologue(i.e.,either may be
= 3
() = Long arm + short arm. ek I;;; bgmefatra by one homologua(i.e.,trisomie)

Readings are in microns.



Table II.3

Karyotype analysis of haploid complements of various
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Nature of karyotypes in various s

TABLE II.4

pecies of d@phedra

Average
Chromosome
length

. B e - ) - Chro-

1. spestes ol sy mue o me  Jamjotyme

bers ¢s  ¢€s cs ggtgth
tes

1. iS.ochreata 7 b 1 2 3 B MMSS1SM32A
2. Biiisuaa 7 b 1 2 2 - WMg1sMg2n
3. E.frustillata 7 L 1 R L N HM8318M2A
b. E.rupestris 7 2 3 2 R - Mgg35M2A
5+ B.tweediana 7 0 5 p 1 - 58Mg2A

6. E.triandra 7 3 2 2 3 = Mgga28M 24
7. _E_l.wl.tiflora 7 1 b 2 3 3 MghsMq 2
8. B.americana 7 2 3 2 2 - 2MBSN.SS2A
9.a.B.foliata( 14a) 7 L 1 2 - - hM,15M,2A

b.BE.foliztal 14Db) 7 b 2 1 - - 4M,25M,1A
Zﬁi.ioliata(1hc) 7 3 2 2 - - 3M,25M,2A
B.foliata( 14d) '
0. B.foliata(13) : - ; . 2 - CohEne
ioliata nN=) & 1( =) 2(-) = = 4M,18M( =) ,2A( -)

1. B.folia

. E.;:I;;iit121 ) 2 1(+) - = 4M,251,1A(+)

A M) 3 3 )

1(+)

e M 2Nl Y a4t o)

111

13.8
1845
15.6
1741

19.0
21,3
26,6
14,96
13.30
17.66
16.2),

12.87/
13,07

11.78

A A p
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FIig.II- 1 VARIOUS TYPES OF DIPLOID CHROMOSOME COMPLEMENTS

IN THE ROOT APICES OF EPHEDRA FOLIATA (Xx2000)




!
) i i 4
L
g
U 150 |-
=
Z
1 6
l_-
(@)
2
v
50 |-
- o b cd
iq 13 \5 \6
KARYOTYPE

FIGT. 2  TOTAL CHROMOSOME LENGTHS OF ODIFFERENT

KARYOTYPES IN THE ROOTAPICES OF EPHEDRA FOLIATA
T —




i AEE R

... S
i

E.OCHREATA E BREANA  E FRUSTILLTA E RUPESTRIS E TWEEDIANA

#_‘

([T ¥ [T .
J L |

E- FOLIATA E-TRIANDRA E-MULTIFLORA E- AMERICANA

FIG. II.3 KARYOTYPES OF DIFFERENT SPECIES OF EPHEDRA ‘(xzooo),




Thoto Il.1 A

13 chromosones
A 800

B




Photo II. 2 A: Photo 11, 2 B:
14 Chromosom: s 14 Chromosom: s
'voaiz% satellite: X 1280

X

Photo 11. 2 C: Photo II, 2 Ls

11» chromosona 3 Chrop
L1024 . o 22:“:}.;0:333




Photo IT, 3 A:
15 Chromoscme g
L 1024

Photo II, 4 B | Phota II, 4a:
16 Chromcsoms (40 Chromosomasg
X 1024 £ 1925




IIT. NATURAL ABERRATIONS

1. Micronuclei

Occurrence and number:

(Table IITI.1 ami Photos III,1A-1C)

Micronuclei occur in the columella and body cells

of the root apices of sZphedra foliata, They may be present in

4 nondividing cell or in a cell of late telophase. 1In the

former they are present on one or both sides of the main nucleus,
But they are always present on the longitudinal axis of the cell,
and mostly near the m{}n nucleus., In cells of late telophase,
they may be present at the equatorial region or at one or bhoth

the polar regions.

In columella 2178 cells were Studied of which 11 had
miceronuclei giving a frequency of 0,085, TIn the body 10728
Cells were studied of which 33 showed micronueclei giving a fre-
duency of 0,255, of these 33 aberrent cells, 21 showed a single
miCronucleus; 7 cells, 2 micronucleij 3 cells 3 micronuclie; and
2 cells, 5 micronuclei; besides the usual m{}n nucleus; f;:
Columella cells the micronuclear number was invariably one, and
in body cells from 1-3 and 5, Thus, out of 12906 cells, L4 are

ecorded as aberggnt giving a frequency of O.BA./



Size and micronuclear index:

(Table III.1)

The columella cells have larger nuclei than body
cells, in relation to their cell sizes. The readings following,
concerning the sizes are in microns. Sizes of micronuclei
varied from 8.8 to 38.8 in columella cells, with a mean of 23.0.
The range of micronuclear index lies betwsen 0.2 and 9.0 with a

mean of 3, 3,

In the body cells, when micronucleus is one its size
varies from 5.2 to 52 giving a mean of 24, The micronuclear

indices vary from 3,3 to 6.0, with a mean of 5. 3.

When the mieronuelei are two, the range of their
individual sizes lies between 2.4 and 15.é and that of total size
between 11.2 and 30.4. The mean individual size is 10,35 and
mean total size, 20,7, The_range of micronuclar indices is 3.4

to 12.5, giving a mean of 5.6.

In cells with three micronuclei, the range of their
individual gizes lies between & and 19, and of total size,
between 16 and 32, The mean individual size is 8.0 and mean total
size, 24,0, The range of micronuclear indices is from 3.7 to

7.0, giving a mean of 5.7.

When the micronuclear number is five, the range of

their individual sizes vary form 3,0to 36, and of total size

from 13 to 43, The mean individual sizes works out to 5.6 and

lean total size, 28. The range of micronuclear indices ig bety
ean

5.5 and 14.5, giving a mean of 9,0,
e










2. Bridges

Nature:

(Photos III.24-2D)

Bridges were observad in columella as well as body
cells, occurring both in anaphase and telophase. Thay may be
1,2, or more. When single, they were either thin or thick
(equivalent to chromosome breadth.) When 2 or more, they were
/ génerally thick, running parallel}y,or crossing with each other,
But, when thin, they ran invariably parallel and very close.
When more than 2, they were always thick. All these are conti-
nuous, running from pole to pole. Sometimes, they were slightly
dis continuous at places and appeared as chromatin streaming
from one pole to the other. They were rare and are referred to
as sticky bridges. Quite often bridges havs been observed along

With other aberratioms like forwards and laggards.

Frequency:

(Table IIT,2)

The total percentage of bridges work out to 0.2 -
0.06 in columella, and 0.18 in body cells. Frequencies of
single, double and multiple bridges were 0,054, 0,162 ang 0,024
respe ctively, Most bridges persisted till telophase, where

their frequency, hence was more./



Table III.1

Variations in the number aml size of micronucleil
found in the root apices of sphedra foliata

Cell Aber- Number Mean size of Range of micronuclear Mean micronuc- Range of  Mean
S1. Type of " oy rent of mic- % " size lear size s Tégionuc‘ gﬁg{g;r
2 1 - ell Nuc- N
No. cells died cells {gguc lgus —— il {ndlvidial val Tndex Index
1. Columella 2178 11 1 0.055 591.2 228 8.8 - 38,8 8,8 - 3.8 230 230 0.2-9.0 3.3
cells
2. Body
cells 10728 33 0.255 . : ' ‘
21 1 1760  320.5 5.2 - 52 5.2 = 52 24,0 240 3.3 -6.0 5.3
7 2 1060 243 b ~15.8 0 11,2304 10,35 20,7 3.k =125 5.6
3 3 1800 404 h - 19 16 - 32 8.0 240 3,7 =7.0 5.7
2 5 1240 240 3~ 36 13 = 43 5.6 28 5.5 =1k5 9.0
Total 12906 Ll 0. 34

Sizes are in microns,

Micronuclear index = __

Vmn =

Vn =

Vmn

Vmn+Vn 100

Volume of micronuclear

Volume of nucleus.




2. Bridges

Nature:

(Photos III.24-2D)

Bridgss were observed in columella as well as body
cells, occurring both in anaphase and telophase. They may be
1,2, or more. When single, they were either thin or thick
(equivalent to chromosome breadth,) When 2 or more, they were
) generally thick, running parallel;y,or crossing with each other,
But, when thin, they ran invariably parallel and very close.
When more than 2, they were always thick. All these are conti-
nuous, running from pole to pols. Sometimes, they were slightly
dis continuous at places and appeared as chromatin streaming
from ons pole to the other. They were rare and are referred to
as sticky bridges. Quite often bridges have been observed along

with other aberratioms like forwards and laggards.

Frequency:

(Table IIT,2)

The total percentage of bridges work out to 0.2 =
0.06 in columella, and 0,18 in body cells. Frequencies of
single, double and multiple bridges were 0.054, 0,162 ang 0.02)

- Tespectively. Most bridges persisted Bill telophase’ where

their frequency, hence was more. |



Table III.Z2

Nature end frequency of bridges
in the root apices of fphedra foliata

Type of Cells Phase of Number of bridges Total
cells studied occurrence more than aberrent q
1 2 2 cells
1. Columella 6976 Anaphase 1 2 - 3
cells 0,06
Telophese 2 5 - 7
2. Body cells 9667 Anaphase 2 v 2 11 e
Telophase I 13 2 19
Toteal 16643 S 27 L L0
% 0.054 0,162 0,024 0,24




3. Forwards

Nature:

(Photos III, 4A-L4B)

Forwards, the precociously moving chromosones, varied
in number, nature and occurrence. Generally they were 1,2 or
more. They were long or short, and occurred in metaphase,
anaphase and telophase of both columella and body cells. When
more than 1, they may be present only at one pole or at both.
Rarely, diplochromosomes, with their undivided centromeres have
been observed to behave as forwards. In several cells, they

”'occur/alongside other aberrations like bridges.

Frequency:

(Table III,3)

The total percentage of forwards in the root apices
1s 0.262 - 0,024 in columella, and 0,237 in body cells. Cells

with 2 forwards were more, giving a frequency of 0.139,



Table ITII.3

Nature and frequency of forwards
in the root apices of Hphedra

foliata
Type of Cells Phase of Number of forwards Total cells &
cells studied occurrence 1 more than aberrent
2 2
Columella Cells 5678 Metaphase 1 - - 1 _

Anaphase 1 - - 1 0.024

Telophase - 1 - 1

Body Cells 6534 Metaphase L 2 1 ”
A naphase 3 2 L 9 0,237

, Telophase 1 12 - 13

Total , WE Bk im 1 5 32
% 0.082 0.139 0.041 0,262




L. Laggards

Nature:

(Photos III. 3A-3B)

Chromosomes, lagging during anaphase separation
varied in their number and nature, They were present in
columella as well as body cells. They were long or short, the
latter being more frequent. When more than two, they may be
similar or dissimilar occurring at the same or different sides
of the equatorial region. Other aberrations like bridges occur-

red alongside laggards.

Frequency:_

( Table i i 1 llr)

The total percentage of laggards in the material
‘worked out to 0.15 = 0,03 in columella and 0.12 in body cells,
Cells with 2 laggards were more frequent, occurring with a

frequency of 0,09%.



Table III.L

Nature and frequency of laggards
in the root apices of dphedra

foliata
Type of Cells Phase of Number of laggards Total >
Cells studied occurrence more than aberrent %
1 2 2 cells
Columella L4273 Anaphase - - - -
cells - 0,03
Telophase - 3 - 3
Body cells 5725 Anaphase 1 2 1 b oy .
o1
Telophase L L - 8
Total 9998 5 9 1 15

% ' 0.05 0,09 0.01 0.15




5. Nucleoli

Occurrencs ard number:

(Table III.5 amd Photos III.5A - 5F)

Feulgen-stained root cells, hydrolysed normally, show
nucleoli as unstained gaps if squashed in acetic acid (10%) and
as dark-stained bodies if squashed in acetocarmine. But if
hydrolysis is more, they appear as gaps in both. The stained
nucleoli are either spherical or oval and rarely bizarre in
their shapes. Nucleoli being universal, are present in columella
as well as body cells of the root apex. Only one cell has been

observed where a micronucleus possessed a nucleolus.

There were some variations concerning the number of

nucleoli., In columella cells they varied from 1 t6 5. 7The

percentages of cells which shpwed 1,2,3,4 and 5 nucleoli are

12.3, 29.3, 14.6, 28.1 and 15,8 respectively. In body cells

they varied from 1 to 4. The percentages of cells which showed,

1,2,3 and 4 nucleoli are 30, 40, 26,7 and 3.3 respectively. Thus
‘i1 both tissues binucleolar condition was more frequent, but

the least frequency was of uninucleolar condition in columella,

and of tetranuclealar condition in body cells. On the whole

binucleolate cells ( 34.65% were most frequent.



Dimensions and ratios:

(Table III.6)

The individual as well as total sizes of nucleoli
have been measured in microns. In columella cells, when
there was one nucleolus its size ranged between 9 and 54, with
a mean of 31, If the nucleoli were 2, the ranges of individual
and total sizes were 8-45 amd 18-75, the mean being 40. When
they were 3, individual nucleolar range was 8-27 and total 28-63,
the mean being 26.,6. When nucleoli were 4, the individual
(L-16) and total (26-58) nucleolar ranges have a mean of 33.
In the infrequent case of 5 nucleoli, the individual range was
5-10 and the total 30-A44, giving a mean of 31. Thus, the mean
total nucleolar size in columella cells varied from 26,6 to 40.0.
The nuclear - nucleolar ratios, similarly ranged from 6.62 to

8,877, and the cell nucleolar ratios, from 2.96 to 4.25, The

total nucleolar size, nuclear - nucleolar ratio and cell-nucleolar

ratio were more in cells with 2 nucleoli and least in cells with

3 nucleoli. The cell sizes were comparatively smaller and of

nuclei, larger.

In body célls, when the nucleolus was one, the range
of size was 12-88 with a mean of 28,8, When 2, the individual
size varied from 4-48 and total size from 10-92. But the mean
was only 20.4. When 3, the individual range was 3,27 and total
12-78, the mean being 46.6. In the infrequent k4 nucleolar cells,

the individual and total ranges were 5-23 and 22-84 respectively,

The mean was 37.2. Thus, the mean total nucleolar size varied



o4

from 20.4 to 4L6.6., The nuclear - nucleolar ratios ranged
from 1.59 to 3.93. The total nucleolar size, the nuclear-nucleolar
ratio and cell-nucleolar ratio were always mors in cells with

3 nucleoli and least in cells with 2 nucleoli, unlike in the

columella cells.



Table III.5

Numerical variations of nucleoli
in the root apices of Ephedra foliata

Number of Columella cells Body cells
Nucleoli cells cells ) cells cells Mean
studied observed % studied observed %
82 90

1a 10 12.3 : 27 30 215
. Rl 29.3 36 40 34,65
3. 12 1L,6 2L 267 20,6
Lo 23 28,1 k. 363 15.7

5, 13 15.8 - - 7.9




Table III.6

Dimensional variations of nucleoli
in the root apices of Ephedra foliata

Type of Number Average size of Range of size Total average N =- n C =n
cells of of nucleoli size of ratio ratio
nucleoli Cell Nucleus individual Total nucleoli

Columella 1 953.7 353.0 9-54 31 8,782 3.25
cells 2 oL41.,8 450.,6 B=L5 18-75 4,0 8.877 he2h
3 900 399.3 8=-27 28-63 26,6 6.62 2,96

L 88L4.5 378.0 Le16 26-58 33 8,73 3.84

5 770 396.0 5-10 30-4i 31 7.828 4,03

ody cells 1 1361 L11,7 12-88 28.8 6.993 2.12
e 2 1278 373.2 L=18 10-G2 20. 4 5.493 1.59
3 1186.3 479.1 3=-27 12-78 46,6 9.727 3.93

L 1074 483.0 5-23 22.84 37.2 7.702 3. 46

Readings are in microns.

N - n ratio = Nuclear - nucleolar ratio

C - n ratio = Cell - nucleolar ratio



Table III,.7

Frequency of various aberrations occurring
naturally in the root apices of Lphedra

foliata
Type of Type of aberration
cells Micronucleus Bridges Forwards Laggards Total
Columella 0,085 0,060 0.024 0,030 0.199
cells
Body cells 04255 0.180 0.237 0,120 0.792
Total 0.340 0.240 0.261 0.150 0.991
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IV, INDUCSD ABERRATIONS

sxplanation of terms and abbreviations

I. KARYOKINZTIC: Deviations in the morphology amd behaviour

of eithsr chromosomal or spindle apparatus

during the course of kaw¥yokinesis.

A., Chromosomal: Deviations in the morphology and behaviour

of chromosomes.
1. Somatic reduction (Sr): Grouping of chromosomes into
two approximately haploid sets in pro- or

metaphase.
2. Chromosome diminution (Cd): Appearance of chromosomes

in pro- or metaphase much shorter than is

usual.

3, Chromosome clumping (Cc): Close adpression and clump-

ing of chromosomes with each other during

mitosise.

L., Molten metaphase (Mm): Wooly appearance and disfi-

guring of clarity in metaphase.

5, Chromosome dots (Chd): Dot-like feulgen positive
chromatin material present when the cell is
in meta- or anaphase.

6. Breakages (Bk): Breaking of chromosomes in prophase,
or metaphase or anaphase. In metaphase,

they may be single or double.



7. Bridges (Br): Feulgen positive connections between
the two distal chromosomal groups occur-
ring in ana-or telophass. They may be
chromatid, or sticky type, varying in number.

g. Forwards (Fr): Chromosomes moving to pole preco-

ciously, i.e., earlier than the rest of the
complement ., They may be present during
meta-, ana- or even telophase occurring at
one or both poles. Their numbar is variable.

9, Laggards (Lg): Chromosomes remaining at the equato-
rial region of cell while the rest move

poleward. They may occur only in anaphase

or may persist till telophase. Their number

is variable.

B. Spindle: Deviations in the morphology and behaviour of

the spindle mechanism.

10, Spindle shifting (Ss): Alterations from its longi-

tudinal orientation. It may be slight

ng in the oblique orientation of the

or it may be more, giving

resultl

chromosome grouPSse

a diagonal grouping of chromosomes, Some-

times it may rotate by 90, becoming situated

on the transverse axis of the cell as indicated

by the situation of chromosome groupsSe This

might occur even in metaphase, Or anaphase or

telophase.
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11. Spindle disruption (Sd): Disturbing of spindle
resulting in a helter-skelter of chromosomes
or it may evan be furcated at one or both
erd S.

12. Spindle inhibition (si): Inhibition or destruction
of the spindle resulting in the well spread

metaphases or diplochromosomes or even tetra-

ploid mitosis.

CYTOKINGTIC: Deviations concerning the formation of cell

plate following karyokinesis.

13, Phragmoplast shifting (Ps): Formation of phragmo-
plast away from the customary equatorial

region of the cell, resulting in the forma-

tion of unequal daughter cells.

1he Phragmoplast inhibition (Pi): Inhibition of phragmo=

plast fromation resulting in binucleate cells.

rning the morphology and beha-

NONKINSTIC: Aberrations conce

unconnected with

viour of the nucleus or'nucleolus,

divisione.
154 persisten?® nucleolus (Pn): Occurrence of nucleolus
(ei) during karyokinesis.

16, Micronucleus (Mn) : Agccessory nucleus (ei) adjascent

to the large main nucleus.

17. Nucleic acid starvation (Ns): The disorganisation

of nuclear material as indicated by the
differential response of nuclei to Feulgen

reaction.
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18. Nuclear atrophy (Na): Assumption of extravagent

shapes by nuclei.

19. Nuclear ejection (Ne): Extrusion of nuclei from

the disorganised cytoplasm.

These abbreviations are followed in several
tables of this chapter.



1. Arginine

Types amd distribution of aberrations:
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pices of sphedra foliata treated with

In the root a

0.01¢% / *
«01%,0.,05% and 0.1% concentrations of Arginine, for 1-2L
hours, 15 aberrations are observed (IV.1A).

In 0.01%, 11 types of aberrations are present., Chro-

mosomre clumping is caused in 1,6 and 12 hr. treatments resulting

Molten metaphasée, and phag

treatment with respective mean

in a frequency of 0.247. moplast

inhibition occur after 12 hrs.
and 0.053. Spindle disruption, spindle

1ei occur only after
£ 0.11Q, 0,202,

frequencies of 0.180,
nt nucleolus,
pective mean frequencies O

erved after 1 and 3 hr t

with respective

shifting, persiste and micronuc

6 hrs. treatment with res
Forwards are obs

after 6,12 and 2k hours,
Nuclear atrophy i

0.030 and 0.045. rzat-
ments and bridges
wd 0,375. s caused after

frequencies of 0,135 a
6 and 12 hrs treatmeil and nuclear ejection after 12 and 24 hours.
188. The total

uencies are 0,150 and O.

Their respective freg
concentration is 1.717 (Table

Percentage of sberration in this

1v.1p).,

aberrations are present . of

In 0,05%, 8 types of



these 3 are ¢
se, some are present only in one duration: Somtic reduction

(12 hrs), laggards (12 hrs), spindle disruption ( 6 hrs), phrag-

moplast inhibition (24 hrs) and micronucleus (24 hrs) with

respective frequencies of 0.018, 0,024, 0,031, 0,103 ard 0,031

Chromosome clumping is noticed in two treatments { 1 and 24 hrs)
b

forwards in three (1, 3 and 6 hrs) and spindle shifting also in

three (3,6 and 12 hrs) giving mean frequencies of 0,213, 0.177

and 0.164 respectively. The total percentage of aberrations in

this concentration 1is 0,761 (Table .10,

In 0.1% 12 types of aberration are present. Of these,

9 are noticed only in one duration. They are : Chromosome

hrs), forwards (3 hrs), spindle

disruption (3 hrs) , phragmoplast jnhibition (24 hrs), persistent

micronucleus (3 hrs) , nucl
(24 hrs) with respective mea
0.141, 0.141, 0,043, 0.098, O. 20
fting occurs in two durations

diminution (12 hrs), breakages (3

ear atrophy (24 hrs)

nmeleclus {1 hrs)
n frequencies

and nuclear ejection
of 0,065, 0.043, 0.152, 6, and
g the rest, spindle shi
ges in three (1,3 and
3 and 24) with mean fre
The total percentage of

0.315. Amon
(6 and 12 hrs), brid

6 hrs) and chromosone

quencies of

clumping also in three (1,
0.163, 0.185 and 0.761 respectively.
is concentration is 2

aberrations in thi

.313 (Table V. 1D).

Frequency:

(Table IV.1d,1F)

the aberrations together, the mean

Considering all
0.05% and 0.1% concentrations,

aberration frequencies in 0.01%,



i1

are 1.666, 0,812 ard 2.194 respectively. In all the concentra-

tions aberrations occur in all durations. Taking only the

durations into account the total aberration frequencies in

of treatmerts, are L.A41, 341, L.3%8, L4.79

1,3,6,12 and 24 hours
a total of 23.36 (Table IV 1E) .

and 6.37 respectively amounting to

Now the individual aberrations are considered after

pooling together their readings in different durations. Molten

metaphase (0.01%) , somatic reduction (0.05%) , laggards (0.05%)

chromosome diminution (0.1%) and breakages (0.1%) are present

only in one concentration with respective frequencies of Oe'1E

0.018, 0.024, 0,065, and 0.043., Bridges, persistent nucleolus,

oticed both in 0.01%
0.356 and 0,503,

anuclear atrophy and nuclear ejection are n

and 0.1% with total frequencies of 0.56, 0.073,

The rest of the aberraticns, 1.€.
ind le shifting, phragmoplast inh

n all the concentrations with
0.464, 0.28L, 0.529, 0.297 and
produced py Arginine

chro mos ome clumping, forwards,

spindle disruption, SP ibition

and micronuclei are recorded 1

quencies of 1.221,

respe ctive fre
entage of aberrations

0.174. The total perc
is 4.791 (Table IV.1F) .

Mitotic indices:

/(Table IV.1G)

In 0.01%, the maximum pitotic index is after 3 hrs

ter 12 hrs { 2,76} treatment. In 0.05% the

e after 6 hrs (12.47) and 24 hrs
ijs after 3 hrs (10.33) and

(9.16) and minimum af

maximum and minimum indices ar

(7.03)., In 0.1%, the maximum index



minimum after 24 hrs (1.64) treatment. The means of mitotic

indices in 0.01%, 0.05% ard 0.1% concentrations are calculated

to be 5.84, 9.24 and 7.36 raspectively.

On the whole, the range of mitotic indices in the

material lies between 1.64 and 10.33. Among the concentrations,

0.05% gives the higher indices and 0.01%,
index has been recorded after 6 hrs (10.10)

lower. Among the

durations, maximum

and minimum after 24 hours (4.30). The mean mitotic index of

the material works out to 7.48.
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Table IV.1A

Presence of various aberrations in the root apices
treated in differemt concentrations o

f Arginine for
different durations

Duration
of treatmemt Concentration of the Chemical
in hours 0.01% 0.05% 0.1%
1 Fr,Cc Ce,fr Ce,Br,Pn
3 Fr Fr,Ss Ce,Bk,Br,Fr,5d,Mn
6 Ce,Br,54d,Ss, Fr,8d,S88 Br,Ss
Pn,ln,Na
12 Cc,lm,Br,Pi,Na,Ne Sr,Lg,S8 Cd,Ss
Rl Br,Ne Ce,Pi,Mn Ce,Pi,Na,Ne

Total number of aberrations : 15

—_—




Table IV.1B

Distribution of various aberrations in the root apices

treated in 0.01%

Arginine,

for

different durations

Duration of treatment in hours

1 3 6

12 2L
Cells observed 2881 2674 3241 3047 148 13330
Cells showing:
1. lolten metaphase - - - 2L - 2L, 0.180
2e Chromosome clumping 7 - 5 29 - 33 0.247
3. Bridges = B 7 32 11 50 0.375
Lo Forwards 8 10 - - = 18 0.135
5e Spindle disruption - - 15 - - 15 0.112
6. Spindle shifting - - 27 - - 27 0,202
7§ Phragmoplast - - - i - i 0,053
inhibition
8. Persistent
nucleolus - - L - - L 0,030
9. Micronucleus - - 6 - - 6 0.045
10. Nuclear atrophy - - L 16 = 20 0.150
11 Nuclear ejectionr - - e 11 1L 25 0.188
Total
aberrent cells 15 10 68 111 25 229
% 0.52 0,37 2.09 3.67 1.68 717




Table IV.1C

Distribution of various aberrations in the root apices
treated in 0.05% Arginine for differant durations

Duration of treatment in hours

Total %
1 3 6 12 21,
Cells observed 2261 3563 3199 3388 398 3 16394
Cells showing:
1. Somatic reduc=tion = - - 3 - 3 0.018
s Chromosome 22 - - - 13 35 0.213
clumping
3s Forwards 18 5 6 - - 29 0.177
b o Laggards - - - L - L 0,024
S Spindle - - 5 - - 5 0.031
disruption
6. Spindle shifting - 6 1k 7 - 27 0.161
g Phragmoplest - - - - 17 17 0.103
inhibition
8. Micronucleus - - e " 5 5 0.031
Total
aberrent cells LO 11 25 14 35 125
% 1.68 0. 31 0.78 0,41 0.88 0.761




Table IV.1D

Distributicn of various aberrations in the root apices
treated in 0.1%

Aprginins,

for

different durations

Duration of treatment in hours Total %
1 3 6 12 2L
Cells obszsrved 1806 2303 Q9L 1967 2128 9198
Cells showing:
1s Chromosomz clumping 32 18 - - 20 70 0.761
2 Chromosome - - - 6 - 6 0,065
diminution
3 Breakages - L - - - L 0,043
L Bridges L 5 8 - - 17 0.185
5, Forwards = 14 - - - 11 0.152
6. Spindle - 13 - - - 13 0.11"1
disruption
D . Spindle shifting - - 7 8 - 15 0.163
8. Phragmoplast - - - - 13 13 U141
inhibition
9. Persistent b - - - - L 0.043
nucleolus
10. Micronucleus - G - - - 9 0.098
5 Nuclear atrophy = - - - 19 19 0.206
12, Nuclear ejection = - - - 29 29 0.315
Total
aberrent cells 40 63 15 14 81 213
% 2.21 2.73 1,51 0.71 3.81 2 313




Table IV.18

Frequency of total aberrations in the root apices treated in
different concentrations of Apgginine for different durations

Concentration Duration of tresathent in hours Total Mean
in % 1 3 6 12 2L
0.01 0,52 0.37 2.09 3.67 1.68 8.33 1.666
0.05 1.68 0;31 0.78 0ol 0.88 L.06 0.812
0.1 2.21 2.73 1.51 0.71 3.81 10.97 2.194
Total h;h1

3ol L. 38 L.79 6.37 23.36 L.672




Table IV.1F

Frequency of individual aberration

S in the root apices
treated in different concentrat

ions of Argine

Aberration concentration of chemical Total
0.01% 0.05% 0.1%

1. Somatic reduction - 0.018 - 0.018
2e Chromosome clumping 0.247 0.213 0.761 1221
3e Molten netaphése 0.180 - - 0.221
Lo Chromosome diminution - - 0.065 0.065
5e Bridges 0.375 - 0.185 0.560
6. Breakages - - 0,043 0,043
Ve Forwards 0.135 0.177 0152 0. 464
8. Laggards - 0,024 - 0.024
9, Spindle disruption 0.112 0,031 0,141 0.284
10, Spindle shifting 0.202 0.164 0.163 0.529
1. Phragmoplast inhibition 0.053 0.103 0.1L41 0.297
14s Persistent nucleolus 0,030 = 0,0h3 0.073
13, Micronucleus 0.045 0.031 0.008 0.17L
14, Nuclear atrophy 0,150 S 0.206 0.356
15, Nuclear ejection 0.188 S 0.315 0,503

Total

1.717 0.761 2.313 L.791




Table IV.1G

Mitoti€ indices in the root apices treated in
different concentrations of Arginine for

different durations

Concentration Duration of treatment in hours Mean
s ¥ 1 3 6 12 2L
0.01 5.09 9.16 7.97 2.76 L.2L 5.84
0;05 8.98 884 12,47 8.88 7.03 9.2
0.1 9.65 10.33  9.86 5.30 1.64 7.36
Mean 7.91 9;hh 10,10 5.65 L.30 748




2. Glycine

Types and distribution of aberrations:

(Tables IV. 2A=2D and Photos Iv.1,2,5-7; 9,10,13-16)

In the root apices of Ephedra foliata treated with

0.01%, 0.05% and 0.1% concentrations of glycine, for 1-24

hours, 11 aberrations are observed (Table IV.2A).

In 0.01%, & aberrations are observed. Somatic reduction
ard breakages occur after 1 hr treatment, spindle shifting ana
persistent nucleolus after 3 hours and forwards and phragmoplast
inhibition after 6 hours with respective frequencies of 0.065,
0.055, 0.065, 0.046, 0,160 and 0.223 Bridges and micronueclei
are fourd after 6 and 12 hrs of treatmemt with frequencies of
0.334 and 0,232, The total percentage of aberration is 1.180
(Table IV.2B) .

Tn 0.05%, 5 aberrations are observed. ©f these, forwards
(12 hrs), phragmoplast shifting (1 hr) and phragmoplast inhibi-
tion occurs in one duration (22 hrs) only with mean frequencies
of 0,083, 0,131 and 0,202, Bridges occur in two durations
(12 and 24 hrs) and spindle shifting in three (1,3 and 12 hrs)
giving pespsctive frequencies of 0,131 and 0.617. The total
percentage of aberrations in this concentration is 1,164 (Table

IV e2C) o

In 0.1%, 8 aberrations are observed., Chromosome
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clumping, forwards, and breakages are present only in treatiments
of 24 hrs, 12 hrs and 1 hr respectively with feequencies of
0.243, 0.149 and 0.176. Bridges amd persistent nucleolus occur
only after 3 hours with resp2ctive frequencizs of 0.176 and 0,68,
On the other hand, chromosome dots occur after 3 and 6 hours,
paragmoplast inhibition after 3 and 24 hours and spindle shifting
after 1,3 and 6 hours of treatmemt. Their respective frequencies
are 0.122, 0.541 ard 0.622., The total percentage of aberrations

in this concentration is 2.097 { Table IV.2D).

Frequency:
(Table 1V.28,2F)

Considering all the aberrations together, the mean
aberration frequencies in 0.01%, 0,05% and 0.1% concentrations,
are 1.326, 1.238 and 2.274. In 0.01%, no aberrations are observed
in 24 hr treatment. Similar is the case in 0.05% also, but after
6 hrs. In 0.1% aberrations are observed in all durations. Taking
the duratiogs_only into account , the total aberration frequen-
cies in 1,3,6, 12 and 24 hrs are 3.28, 5.67,5.&8,5.26 and k80,

resps ctively amounting to a total of 24.19 (Table IV.2E),

Now the individuzl aberrations are considered éfter
pooling together their readings in different durations. Somatice
reduction (0,01%) , micronuclei (0.01%) phragmoplast shifting
(0,05%) , chromosome dots and chromosore clumping (0.1%) oeccur

only in one coacentration with respective mean frequencies of

0,065,0,232, 0.131, 0.122 and 0.243., Breakages and persistent



nucleoli are present both in 0,01% and 0.1% while bridges,
forwards, spindle shifting, and phragmoplast inhibition are
noticed ia all concentrations with frequencies of 0.231, 0.@k,
0.64,0.392, 1,30k and 0,966 respectively. The total percentage.'

of aberrations caused by glycine sums up to L 4541(Table IV,.2F).

l'itotic indices:

(Table IV.2G)

In 0,01%, the maximum mitotic index is after 6 hrs
(11.40) and minimum, after 24 hours (0.3). In 0.05% and 0.1%,
maximum indices are noticed after 1 hr (12.5 and 13.4) but
minimum after 24 hrs (4.5) and 12 hrs (9.7) respectively. The
means of mitotic indices in 0,01%, 0.05% and 0.1% concentrations

are calculated to be 6.3, 9,0 and 11.5 respectively,

On the whole, the range of mitotic indices in the
material lies between 0.3 and 13.4. Among concentrations,
0.1% gives higher indices and 0.01%, lower. Among the durations,
maximum index has been observed after 1 hr (12.3) and minimum
after 24 hrs (5.3). The mean mitotic index of the material

works out to 8,9.



Table IV.2A

Presence of various aberrations in the root apices
treated in different concentrations of Glycine for
different durations

Duration
of treat- Concentration of the chemical
ment in
hours 0.01% 0.05% 0.1%
1 Sr,Bk Ss, Ps . Bk,Ss
3 Ss,Pn Ss Chd ,Br,Ss,Pi,Pn
6 Br,Fr,Pi,Mn - Chd, Ss
12 Br,lin Br,Fr,S5s Fr
24 - Br,Pi Ce,F1
Total number of aberrations : 11

.‘~"-



Distribution of various aberrations in the root apices

Table IV.Z2B

treated in 0.,01% Glycine for different durations
Duration of ‘trsatment in hours Total %
1 3 6 12 2L
Cells observed 1976 2074 1779 19689 2421 10769
Cells showing:
1. Somatic reduction T - - - - 0.065
2. Breakages 6 - - - - 0,055
3. Bridges - - 15 21 - 6 0.334
b Forwards - - 17 - - 17 0.160
5., Spindle shifting - 7 - - - 7 0,065
5. Phra gmdpl ast - - 2L - - 2L 0,223
inhibition
74 Persistent nucleolus =~ 5 - - - 5 0.046
8. Micronucleus - - 11 14 - 25 0.232
Total
aberrent cells 13 12 67 35 - 127
% 0.66 0.45  3.76 1,76 - 1.180




Table IV.2C

Distribution of various aberrations in the root
apices treated in 0.05% Glycine ,for different

durations
Duration of treatment 1in hours Total %
1 3 6 12 2L

Cells observed 1724 2021 1243 1024 2412 8L2L

Cells showing:
1. Bridges - - - L T 11 0,131
. Forwards - - - 7 - 7 0,083
3. Spindle shifting 13 22 - 17 - 52 0,617
L Phragmoplast 11 - = - - 1 0.131

shifting
5. Phragmoplast

inhibition - - - - 17 17 0,202

Total

aberrent cells Rl 22 - 28 2L 98

% 1.39 1.08 - 2.73 0099 1.161{-




Tabl

e IV,2D

Distribution of various aberraticns in the root apices

treated in 0.1% Glycine for different duration

Duration of treatment in hours Total %
1 3 6 12 2L
Cells observed 2422 1324 1094 1425 1129 73914
Cells showing:
1. Chromosome dots = L 5 - - 9 0,122
2 Breakages 13 - - - - 13 0.176
30 Bridges - 1 3 - - -— 1 3 O. 176
l"o Forwards - - - 11 e 11 0.1&.9
" Chromosoms - - - - 18 18 0,243
clumping :
6. Spindle shifting 17 15 14 - - L6 0,622
e Phragmoplast - 18 - - 22 LO 0e541
inhibition
8. Persistent .
nucleolus - 5 - - - 5 0,068
Total
aberrent cells 30 55 19 11 L0 155
% 1,23 Lelly 1,72 0.77 351 2,097




Table IV.2E

Frequency of total aberrations in the root apices
treated in different concentrations of Glycine for
different durations

Concengpation Duration of treatment in hours Total Mean
in %
0.01 0.66  0.45  3.76 1.76 - 6.63 1.326
0.05 1.39 1.08 - 2¢7T3 0.99 6.19 1,238
Bt 1:23 Lell .72 0.77 S+ 11:37 2anlk
Total 3,28 5.67 5ek8 5.26 L.50 2L.19 L.8383




Frequency of individual aberrations in the root apices
treated in different concentrations of Glycine

Table IV.2F

Aberration Concentration of chemical Total
0.01% 0.05% 0.1%

1s Somatic reduction 0,065 - - 0.065
2s Breakages 0.055 - 0.176 0.231
3. Bridges 0.33L4 0.131 0.176 0.641
L Chromosome dots - - 0.122 0,122
5 Chromosome clumping - - 0,243 0.243
b, Forwards 0.160 0,083 0.149 0,392
7. Spindle shifting 0,065 0.617 0,622 1.30L
8. Phragmoplast shifting - 0.131 - 0.131
9. Phragmoplast inhibition 0.223 0,202 0.541 0,966
15 Persistent nucleolus 0.0L46 - 0.068 0.114
11. Micronucleus 0.232 - - 0.232
Total 1.18 1,164 2,097 Lo L41




Table IV.Z2G

Mitotic indices in the root apices treated in
different concentrations of Glycine for
different durations

Concentration Duration of treatment in hours Mean
In % 1 3 6 12 21,
0;01 10.9 6ok 11.40 2e5 0.3 6.3
0.05 12.5 9.0 12.12 6.6 Le5 9.0
0.1 134 10;5 12.50 9.7 11.1 Thad
Mean

12‘3 8'6 12.01 6.3 503 23




3. Methionine

Types and distribution of aberrations:

(Table IV.3A-3D and Photos IV.L,9—12;16)

In the roob apices of Bphedra foliata, greated with

0.01%, 0.05% and 0.1% concentrations of Methionine for 1=2Lk

hours 6 aperrations have bzen observed (Table IV.3A) .

In 0.01%, only 1 sberration 18 observed - spindle

shifting, occurring only after 3 hrs of treatmert. The frequency

is 0.151 (Table TIV.38) .

In 0.05%, L aberrations are observede Chro mosSome

jndle jnhibition occur after 6 hrs while spindle

i gtent nucleolus occur after 1 hr with reés<

0.1, 0.078 and 0,061 The total

this concentration works out to

2 aberrations are present «” Forwards 0CCUT

g occurs only after

hrs while spindle shiftin

1o of 0,175 8

rrations in this conce

after 1 0T and 2L
The total

o 0.1 respectively.

ntration works oub to



Frequency:

(Table IV, 3=,3F)

Considering all the aberrations together, the mean

aberration frequaacies in 0.01%, 0.05%, amd 0.M1%, are 0,092,

0.376 ard 0.21 respectively. Ia 0.,01%, aberrations occur only

in 3 hr treatment while in 0.05%, 0.1%, they occur after 1

and 6 amd 1 and 24 hours. Taking durations only into account,

the total aberration frequencies in 1,3,6 and 24 hrs are 1.30,
0.46, 1.09 and 0.54 respectively giving a total of 3.39. No

aberrations are observed in 12 hr treatment (Table IV.3E).

Now the individual aberrations are considered after

pooling together their readings in different durations. Chromosome

diminution, spindle disruption, spindle inhibition and persis-
tent nucleoli occur only in 0.05% while forwards occur in 0.1%
i ve frequencies of 0.178, 0.078, 0.1,0.061 and 0.175.

with respect
s both in 0.01% and 0.1% giving a frequen-

Spindle shifting occur
The total percent
s up to 0.843 (Table IV.3F).

cy of 0.251 age of aberrations produced by

methionine sum

Mitotic indices

(Table IV.3G)

In 0,01%, the maximum mitotic index is after 12 hrs

(13,58) and minimum (3.06) after 24 hourse
72) and minimum after 12 hrs (5.55) e

5,07) are respe ctively

In 0.05% the maximum
In

index is after 1 hr (13

0.1%, the maximum (8.02) and minimum



after 24 hrs and 5 hrs.

0.05% and 0.1% are 8.89, 9.58 and 6.63.
On the wholz, the mitotic indices in the material

range between 3.06 and 13.72., Among the concentrations 0.05%

s of indices and 0.1% lower.

recordad in 1 hr [ 41.28]

gives higher reading Among the

durations, meximum indeX has bsen

and minimum in 6 hr (5.59) treatment. The mean mitotic index

of the material works out to 8.30

The means of mitotic indices in 0.01%,

48



Table IV.3A

Presence of various aberrations in the root apices
treated in different concentrations of Methionine
for different durations

Duration Concentration of the chemical

of treatment P 5
in hours 0.01% 0.05% 0.1%
1 - Sd,Pn Fr,S5s

3 Ss - .

6 - Cd, Si -

12 - " i

2L - - o

Total number of aberrations : 6




Table IV. 3B

Distribution of variocus s

berrations in the root apices
treated in 0.01% Methionine, for different durations

Duration of treatment in

hours Total %
1 3 6 12 2L
Cells observed 726 25814 k32 648 2872 7262
Cells showing:
1. Spindle shifting - 11 - - - 11 0.151

Total

aberrent cells - 11 - - - 11

% - 0.46 - -

0,151




Distribution of various aberraticns in the root apices
treated in 0.05% Methionine for different

Table IV.3C

durations
Duration of treatment in hours Total A
1 3 6 12 21,
Cells observed 1632 1448 2200 2016 1672 8973
Cells showing:
1. Chromosome - - 13 - - 15 0.178
diminution
2. Spindle 7 - - - - T 0,078
disruption
30 Spind].e - -— 9 - p— 9 0.100
inhibition .
lyo Persistent 6 - - - - 6 0,061
nuclesolus
Total
aberrernt cells 13 - 2L - - 37
% 0.79 = 1.09 - - 0417




Distribution of various aberrations in the root apices
O.1% Methionine for different durations

treated in
&

Table IV.3D

Duration of treatment in hours

Total %
1 3 6 12 2L

Cells observed 3112 1155 966 1862 1496 8591

Cells showing:
1. Forwards 7 - - - 8 15 0:175
2 Spindle shifting 9 - - - - 9 0.1

Total

aberrent cells 16 - - - 8 2L

% 0.51 = - - 0.54 0.275




Table IV,3E

Frequency of total aberrations in the root apices
treated in di ffersnt concentraticns of Methionine
for different durations

Concentration Duration of treatment in hours Total Mean

in % 1 3 6 12 21,
0.01 - 0.46 - = - 0.46 0.092
0.05 0.79 v 1.09 - - 1.88 0,376
0.1 0.51 - - - 0454 1.05 0;210
Total 1.30 0.46 1.09 - 0.54 3.39 0,678




Table IV.3F

Frequency of individual aberrations in the
root apices treated in different concentra-
tions of lethionine

Aberration Concentration of chemical Total
0.01% 0.05% 0.1%
Chromosome diminution - 0,178 - 0.178
Forwards - - 0,175 0.175
Spindle disruption - 0.078 - 0.078
Spindle shifting 0,151 - 0.1 0,251
Spindle inhibitiocn - 0.1 - 0.1
Persistent nucleolus = 0,06} - 0,061
Total 0s 151 0.417 D.275 0.843




Table IV.3G

Mitotic indices in the root apices tresated
in different concentrations of Methionine

for different durations

Concentration Duration of <trestment 1in hours Mean
in % 1 3 5 12 21,
0.01 11.96 12.07 3.7 13.58 3.06 8.87
0.05 13.72 12518 8.0 555 8 .46 9.58
0.1 7.97 6.06 5.07 6.02 8.02 6.63
Mean 1122 10,09 5459 8.38 6.51 8436




o
e

t 1 =B =
reatment. Their respective frequencies are 0,504, 1.36 and

008 he
15. The total percentage of aberrations in this concentra-

tion adds up to 2.679 (Table IV..4D).

Frequency:

(Table IV. L&, LF)

he aberrations together, aberration

1.238 and 3.510.

Considering all t
0.05% and 0.1% are 0,112,

frequencies in 0.01%,
12 amd 24 hrs treatments

In 0.01% aberrations do qot occur in 6,

while in the other TWO concentrations, they are noticed in all

Taking only the durations int
a 1,3,6,12 and 2L, hr treat

o account, total aber-

durationse.
nents are 0.8k,

ration frequencies . !
o 2L 29

1.99, 2,58, 7.59 and 1129 respe ctively making up t

(Table IV LE) .

icns are oonsidered after

individual aberrat

Now the
rent durationse. Persis-

ir readings in diffe

g together the
ronuclel (0.05%) a

011 (0.01%) , Mic
gent only in on
W s 0.089 and 1.36.
hile phragmoplas

0.1% with total mea
rcentage of aberrations

poolin
nd Nuclear'rtrophyi

tent nucle
with respective

(0.01%) , are PTre e concentration,
Spindle disruption is

frequencies of 0.0
ear

01% and 0.05% w
n 0,05% and
The total Pe
p to 3,988 (Table TV.LF) .

seen in ©. t inhibition.and nucl
ejectiog occur i n frequencies of
0.137,1.378 and 0,980

causad by threonine sums U

Mitotic indices:

(Table IV.4G)

In 0.01%, the naximum mitotic index is in 1 hr.



treatment (8.91) and minimum after 24 hrs (3.09). In 0.05%

um are recorded after 6 hours (10.33 and

ard 0.1%, the maxim
fter

9.58 respectively). In the former mitoses are absent 2

2, hr treatment. The means of mitotic indices in 0,01%,

5,54, 6,59 and L,.,96 res-

0.05%, and 0.1% concentrations ars

pectively.

the mitotic indices range between

Cn the whole,
0.05% given higher

3,09 and 10.33. Among the concentrations,

Among the durations, meximum is in

readings and 0.1%, lower.

inimum in 24 hr (1.,01) treatment. The mean

3 hr (8.36) and m

mitotic index of the material works out to 5.9.



Table IV. LA

Presence of various aberrations in the root apices
treated in differemt concentrations of Threonine
for different durations

Duration Concentration of the chemical
of treatment _ )

in hours 0.01% 0.05% 0.,1%
1 Sd Mn Pi
3 Pn Sd Pi
6 - o e ]
12 - Pl Na,Ne
2L i Ne Na,Ne

Total number of aberrations : 6




Table IV.4B

Distribution of various aberrations in the root apices
treated in 0.01% Threonine, for different duration

Duration of treatment in hours Total %

1 3 6 12 2L

Cells observed 2424 1860 1946 2544 2136 11410

Cells shoing:

1. Spindle 7 - - - - 7 0.061
disruption
24 Persistent - 5 - - - 5 0.0LL
nucleoclus
Total
aberrent cells 7 5 - - - 12
- 0.105

% 0.29 0427 - -




Table IV.A4C

Distribution of various aberrations in the root apices
treated in 0.05% Threonins, for different durations

Duration of treatmnt in hours

Total %
1 3 6 12 2L
Cells observed 2472 1212 1438 174, 1021 7887
Cells showing:
1« ©Spindle
"~ disruption - 6 - - - 6 0.076
A Phragmoplast - - 21 L8 - 69 0.874
inhibition
Is Micronucleus 7 - - - - T 0,089
lya Nuclear - - - - 13 13 0,165
ejection
Total
aberrent cells 7 6 21 L8 13 95
% 0.28 0.49 1.46 2ol P

1.204




Table IV.4D

Distribution of various aberrations in the root apices
treated in 0.1% Threonine for different durations

Duration of treatment in hours

Total ¢
1 3 6 12 3k

Cells obsarved 3276 1380 1878 1672 1123 01329

Cells showing:
1« Phragmoplast 9 17 21 - - L7 0.504

inhibition
2. Nuclear atrophy = - - 23 53 127 1.360
3. Nuclear ejection - - - 58 69 76 0.815

Total
aberrent cells 9 17 21 81 122 250
% 0.27 1.23 Tel2 L.8L 10,08

2.679




Table IV.4s

Frequency of total aberrations in the root apices
treated in different concentrations of Threonine
for different duratiocns

Concentraticn Duration of treatment in hours Total Mean
15 1 2 6 12 2L
0.01 0.29 0.27 - - - 0.56 D112
0.05 0.28 0.49 1.46 275 1a2l 6.19 1.238
0.1 0.27 123 1.12 L.8L 10.08 17.54 3.510
Total 0.8k 1.99

2458 759 11.29 24429 L .860




Table IV.LF

Frequency of individual aberrations in the root apices
treated in different concentrations of Threonine

Aberration Concentration of chemical Total
0.01% 0.05% 0.1%
1. Spindle disruption 0.061 0.076 - 0.137
2. Phragmoplast inhibition - 0.87L 0.504 1.378
3. Persistent nucleolus 0.04L4 - - 0,044
L. Micronucleus - 0,089 - 0,089
5. MNuclear atrophy - - 1.36 1.360
6. Nuclear ejection - 0.165 0.815 0.980
Total 0.105 1.204 2.679 3.988




Table IV.A4G

Mitotic indices in the root apices treated
in different concentrations of Threonine
for different durations

Concentration Luration of treatment in hours Mean
in % 1 3 6 12 24

0.01 8.91 Y .99 o P 3.09 5.54

0.05 8.k 9.4 10.33 L.8L - 6.59

0.1 6.96 8.26 9.58 - - L.96

Mean 8,09 8.36 8.3 2.71 1«01 5.69




5., Valine

Types and distribution of aberrations:

(Table IV. 5A-5D and Photos IVe2 o459 5104115 1k515)

treated with

In the root apices of dphedra foliata

0.01%, 0.05% and 0.1% concentrations of Valine, for 1-24 hours,

7 aberrations are observed (Table IV.54) .,

In 0.01%, 4 aberrations are present. 0of these,

chromosome diminution and spindle disruption are caused both
tive total mean frequencies

in 1 hr and 3 hr treatments with respec

Forwards and spindle shifting occur only

of 0,204 and 0.17.
requencies of 0.204 and 0.07 res

rrations in this concentratio

after 1 hr with £ pectively. The
n is 0.704

total percentage of abe

(Table IV.5B) .
1 .,Chromosone

They

3 aberrations are present.

In 0 005%!
Micronucleuss

ruption, and 3.
y with

treatment respectivel
.124 and 0.086. The total

diminution, R.Spindle dis

r 6, 2 and 3 hrS of
encies of 0,099, 0

g in this concentratio

occur afte

corresponding frequ
n adds up to

percentage of aberration

0.309 (Table IV.5C) e

rations are presente 0f these, chromo=

on occur only after 1 h

and spindle disrupti

r and

some diminution



phragmoplast inhibition and micronucleus after 6 hrs with

aberration frequencies of 0,041, 0.155, 0.041 ad 0,057

respectively. Chromosome clumping occurs after 3 hrs with a

Forwards occur both in 1 hr as well as

frequency of 0.123.
ency of 0.482. The total

3 hr treatremts giving a frequ

tration adds up to

percentage of aberrations in this oconcen

0,988 (Table IV.5D).

Frequency:

(Table IV. 53,5F)

1 ths aberrations together the mean
0.05% and 0.1% are 0.564,

s occur after 6,12 ard
0.1%, after 12 and

Considering al

aberration frequencies in 0.01%,

0.432 ard 0.576., In 0,01 no aberration

24 hrs. In 0,05% in 12 hr treatment and in

2L, hrs. Taking only the

n frequencies in 1

durations into account , the total

,3,6 and 2, hr treatment

7.86. No aberrations

g are 3.23,

eberratio
occur

3009, 1.11 a
after 12 hours (Tab

d 0.43 totalling to

le IV. 513;) °

Now the individual aberrations are considered after
r their readings in different durationse Chromo-

pooling togethe
ragmoplast inhib

ition occur only in 0.1%

0,123 and 0.0L Forwards and spindle

with respective freque
and 0.1% while

requencies of
ncies of

with mean f
shifting occur in 0.01% and 0,1%
Micronuclei occur in 0.,05%

0,742 ard 0,159
gent in all

qution and spind

i frequenciss are

1e disruption are pre
0.143, 0.3kt and 0.4k9
jons produced by

chromosome dimi

concentrations. Thel

The total percentage of aberrat

Tespe ctively.



o4

valine comes to 2.001 (Table IV.5F).

Mitotic indices:

(Table IV.5G)

In 0.01%, the maximum mitotic index is after 1 hr

(6.4) and minimum after 6 hrs (2.76) of treatment. In 0.05%,

maximum (9.87) occur afters 24 hours and minimum ( 3.45) after

3 hrs. In 0.1%, the maximum (7.72) and minimum (4.59) occur

in 1 and 3 hr treatments respectively. The means of mitotic

indices in 0.01%, 0.05% and 0.1% are 5.12, 5,61 and 6.2k

On thewhole, the range of mitotic indices in the

material lies batween 2.76 and 9,87, Among the concentrations,

more in 0.1% and less in 0.01.
rved after 24 hours and minimum (4.35)

Among the durations,

indices are

maximum (7.59) is obse

after 6 hours of treatment. The mean mitotic index of the mate=-

rial works out toO 5,66,



Table IV.5A

Presence of various aberrations in the root apices
treated in different concentrations of valine for
different durations

Duration Concentration of the chemical
of treatment
in hours 0.01% 0.05% 0.1%
1 Cd,Fr,3d,5s - Cd,Fr,3d,3s
3 Cd,Sd Mn Ce,Fr
6 - Ccd Pi,Mn
12 - - -
24 - Sd

Total number of aberrations : 7




Table IV.5B

Distributicn of various aberrati

ons in the root apices
treated in 0.01% Valine, for

different durations

Duration of treatment in hours
1 3 6 12 2L

o
.

Total

-

Cells observed 362L 3341, 1,362 1398 1470 14198

Cells showing:

1. Chromosons 18 11 - - - 29 0.204
diminution

24 Forwards 37 - - - - 37 0,260
disruption

L. Spindle shifting 10 - - - - 10 0.070
Total
aberrent cells 76 2L, - - - 100

% e 2'1 0072 - - =

0,704




Table IV.5C

Distributica of various aberrations in the root apices
treated in 0.05% Valine,for different durations

Duration of treatment in hours Total 4
1 3 6 12 2L
Cells observed 972 670 1146 2058 2310 8056
Cells showing:
1= Chromosome - - 3 - - 8 0,099
diminution
2. Spind].e - - - - 10 10 0.12’+
disruption
B Micronucleus - 7 - - - 7 0.086
Total '
aberrent cells - 7 8 - 10 25
O.L3 0. 309

% - 1.014' 0.69 =




Distribution of variocus sberrations in the root apices

Table IV.5D

treated in 0.1% Valine for different

durations
Duration of treatment in hours Total o
1 3 6 12 2L,
Cells observed L350 L4150 28 L4 3060 1896 12240
Cells showing:
; Chromosone 5 - - - - 5 0.041
diminution
2, Chromosome - 15 - - - 15 0,123
clumping
3. Forwards 15 Ly - - - 59 0.482
Lh Spinc‘:.le 19 - - - - 19 0.155
disruption
B Spindle shifting 11 - - - - 11 0.089
6. Phragmoplast - o 5 - = 5 0.041
inhibition
2. ¥icronucleus - - 7 - - 7 0,057
Total
aberreant cells 50 59 12 s _ 121
% 1.13 1.33 O uily? - "

0.988




Frequency of total aberrations in the root apices
treated in different concentrations of Valine for

Table IV,5E

different durations

Concentrations Duration of treatment in hours Total Mean
ks 1 3 6 12 2L,
0,01 2.1 0.72 - - - 2.82 0.564
0.05 - 1.04 0.69 -  0.43 2,16 0.432
0.1 1.13 1433 Otz - - 2.88 0.576
Total 3.23 3.09 1.11 - 0.43 7.86 1.572




Table IV.5F

Frequency of individual
treated in different

cbarrations in the root apices

concentrations of Valine

Aberration Concentration of chemical Total
0.01% 0.05% 0.,1%
; Chromosore diminution 0.204 0.099 0.041 0. 341
2o Chromosome clumping - - 0,123 0.123
3. Forwards 0.26 - 0.482 0.742
ks Spindle disruption 0.17 0.124 0155 0,449
5e Spindle shifting 0.07 - 0.089 0.159
6. Phragmoplast inhibition - - 0.041 0.041
T Micronucleus - 0,086 0.057 0,143
Total 0,704 0.309 0.988 2,001




Table IV.5G

Vitotic indices in the root apices treated in
different concentrations of Valine for different
durations

Concentration Duration of treatment in hours Mean
in % 1 3 6 12 2,
0.01 6. bl 5.53 2.76 5458 Bt .12
0005 3.7 3'15'5 5023 5079 9087 5061
0.1 Te'ld L .59 5.06 6.25 T7+59 6.24
Mean 5095 1-4--52 ’4--35 5087 7059 5!66
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6. Lochnerining

n of aberrations:

T
Types and distribution 0 Z—————
(Tableg IV.6A-6D and PhotOS IV.6,10,15)

hedra foliata treated in
for 1-2k

In the roov apicas of 4&p

0. . /
001%, 0.002% and 0.0047% golutions of Lochnernine,
jons are produced (Table IV.6A) .

ho
urs duration, 3 aberrat

In 0.001%, only on2 aberration 1s present - mic ronuc-
1 as 2k hours of treatment .

12 hours as wel
tion is 0.37( Tabl

le
i, occurring after
e IVoéB) 'S

this concentra

The
ir mean frequencies in
y one aberration is present - bridges;

also onl
uency in this

Observag after 3 1 Their mean freq

Co
QCentration 1S 0.17
The pridgss

after

od 0.3k respectively.

&re
observed afte
g are 0015 a

3h
ourg, Their mea
ncentration

Th
Us the total percentage

Co
T to 0,49 (Table IV.6D) .

P
~Ruency:

(T
ableg 1v.6s amd OF)
gether the respective

perrations to

ng all the @
0,002% and 0,004%

Consideri
neies in 0,001 %

g
a
0 aberration freque



L] )

(0.7) and 21, hr (0.37) durations. In
In 0.0010'%,

Taking

in 3,6,12
pectively

-
ions occur in 12 hr

0,002%
%, they occur only in 3 hr (0.78) duration.

6 hr (0.99) durations.

th
ey occur in 3 hr (1.8) and
aberration frequencies

the
durations into account, the
and

2L hr treatments gum up to 2.58, 0.

Eiving
ng a total of L.6L4. NO aberrations are

tent (Table IV.63) e

Now the indi
Bridges occur

Pooli
ng their readings in differert durations.
g a total frequency

ntrations givin
nly in 0,004%

both 4
in 0,002% and 0.004% conce
with @ frequency

of 0o
.32, Spindle shifting occurs ©
with a frequency

Ofo
.34, Micronuclei are present ©on
aberrations caused bY

mrwmQEOf

of 0
«37. Thus the total
( Table IV.6F)

1,03

N
“totic indices:

(Table IV,6G)
frer 6 WIS

d minimum after

Max
imum is after 1 P¥ (
S (2.88) an

In
2L 0.004% the maximw® is
0. hrs (0,53) of preatment
«0 ;
01%, 0.002% and O°

tg
sm ct'i VelY.



the range of mitotic indices in the

On the whole,
Among the concentrations

3 ard 5.,76.

material 1ies batween 0.5
ss in 0.004%, and among durations,

they are more in 0.002% and le

after 1 hr and 24 hrs respectively. The mean mitotic index of

the material works out to 2.83.



Table IV.6A

Presence of various aberrations in the root apices
treated with different conceantrations of Tochneri-
nine for different durations

Duration concentration of the chemical
el o 0.001% 0.002% 0,004
i - - =
3 - Br Ss
6 - - Br
12 Mn - -
2l Mn B -

Total number of aberrations : 3




Table IV.6B

Distribution of various aberrations in the root apices
treated with 0.001% Lochnerinine,for different durationg

Duration of treatmnt in hours Total
1 3 6 12 2l
Cells observed 558 1924 2576 1152 24,21 7631
Cells showing:
1. DMicronucleus - - - 11 : o 28
Total
aberrent cells - - - 11 17 28
% - - - 0.7 0. 37

0,37

0.37




Distribution of various aberrations in the root apices
treated with 0.002% Lochneninine,for different durations

Table IV.6C

Duration of treatment in hours Total 4,
Cells observed 1323 1960 1761, 1557 2178 8780
Cells showing*
1. Bridges - 15 - - - 15 0.17
Total
aberrent cells - 1 5 - - - 15
- 0.78 - = = 0.17

%




Distribution
treated with

Table IV.6D

of various abe
0,004% Lochneri

rrations in the root apices
nine for different durations

Duration of treatment in hours Total 4
1 3 6 12 2l
Cells obsesrved 1386 1540 1209 2853 1201 8189
Cells showing:
1. Bridges - - 12 - - 12 0.15
2e Spindle ghifting - 28 - - - 28 0.3k
Total
aberrent cells - 28 12 - - L0
i 1 08 0 .99 - . 0 . l,',g

%




Table IV.6E

Frequency of total aberrations in the root apices
treated with different concentrations of Lochneri-
nine for different durations

Concentration Duration of treatment in hours Tgtal in Mean
in % 1 3 6 12 21,

0.001 - = = 0q7 0-37 1.07 0.2[{-

0,002 - 0.78 - - - 0.78 0.156

0.00‘{- - 1.8 0.99 P % 2.79 0.558

Total in % - 2.58 0.99 0.7 0.37 L. 6L 0,928




Table IV.6F

Frequency of individual aberrations in the root apices
treated with different concentrations of Lochnerinine

Aberration Concentration of the chemical "~ Total
0,001% 0.002% 0.004L%

A s Bridges - D17 0.15 0, 52

2 Spindle shifting - - 0.3k 0.3k

3. Micronucleus 0.37 - - 0.37

Total 0.37 0.17 0449 1:03




Table IV.6G

Mitotic indices in the root apices treated with
different concentrations of Lochnerinine for
different durations

Concentration Duration of treatment in hours Mean
in 1 3 6 12 24
0,001 2f35 2.92 3.01 2.97 . 2.75
0,002 5.76 3449 2.26 2.13 3,76 3.48
0.004 2,58 2,63 2.7h 2.88 0.53 2.27
Mean 3.56 3.01 2,67 2.66 2,26 2.83




7. Sitsirikine

n of aberrations:

s IV.6,7,12,2k)

Types and distributio

(Table IV,7A-7D and Photo

In the root apices of Ep

ons of gitsirikine, for 1-2k

0.001%,0.002% amd 0.00k% concentrati

hours’ l, aberrations are noti ced ( Table IV.7A) .

n - bridges occures

g (Table

In 0.001% only one sberration is 8€¢

|
ng after 6 hr treatmrmb, with a mean srequency Of 0.k

IV.78).
n - phrags

ation is see

In 0.,002% also,
with a mean

moplast inhibition occurri

frequency of 0.22 (Teb® 1V.7C) »

In 0.004% tWO aberrations are seemne

b
Feakages are observed @
. this concentration sums
he total percent?
u

P to 0,525 (Table IV.?D).

Esg&&iﬂgx:

(T
able 1V.7E,7F)
gogethers the respective



0.002% and 0.004%

In 0.001%, aberra=
.002%

) and

nle -
an aberration frequencies in 0.,001%,

arae 0.334,0.34 and 0.365.

concentrations,
(1.67) treatment and in O

t
fons occur only after O hrs

In 0.004%, they occur after 1 hr (1.05

after 24 hrs (1.7)
3 hr (0,775) durationse. Taking the durations iny into account,
y in 12 hx treatment ¢ The aberration
0.775, 1.67

aberr;
errations are absent onl
r treatments are 1.05,

£ :
ESmianoies Ln 1,30 and Bk
1 of 5.195 (Table IV.7E) .

and 1,7 respectivaly giving & tota

Now the individual aberrations are considered after
s in di fferent durationss Breakages

Pooling together their reading
t only in 0.004% wi

th respe ctive

arg
spindle inhibition are presen
0.001% and

Bridges occur only in

£
requencies of 0.25 and 0,275
uencies

n 0.002%. Their respective freq

Ph
ragmoplast inhibition i
centage of aberrations

Thus the to tal per

are
re 0,49 ard 0.22.
out to 1.235 (T

able Ivo 7F) e

Ca
used by sitsirkine works

!
Wtotic indices:

e IV,.76G)
maximum mitotic indeX is
ur duration.

In O
ccur in 2l ho

a

fter 1 hr (6.58)
i

n 0,002% the maxim

o
lnimum after 24 prs (1

73) and

occur after 21, hrse The

no mitoses
and 0.,004% concen tra=

1
2 hr (8.47) durations
gices in 0,001%, 0,002%

g
ans of mitotic 1%
d 533 respe

7,38 a3

ctivelye

Bla:
ions are 3.11“
rne range of mitotic indices in the

On the WhOley



material lies betweel 1.73 and 14.73. Among the concentrations,

n 0,001% and more in 0,002% treatments.

the indices are least 3

mum is after 1 hr and minimum after

Among the durations the maxi
f the material works to 5,28,

24 hours, The mean mitotic index ©



Table IV.7A

Presence of various aberrations in the root apices
treated with different concentrations of Sitsirikine
for different durations

Duration Concentration of the chemical

ol 0.001% 0.0029% 0.004%
1 & - Bk
3 - - Si
6 Br " K
12 - - -
2L . Pl -

Total number of aberrations : L




Table IV,.,7C

Distribution of various aberrations in the root apices
treated with 0.002% Sitsirikine for different durations

Duration of treatment in hours Total %
1 3 6 12 2L
Cells observed 790 935 1180 1130 590 L625
Cells showing:
1. Phragmoplast - - = - 10 10 0.22
inhibition
Total
aberrent cells - - - - 10 10

% & - - - Yl 0,22




Table IV.7D

Distribution various aberraticns in the root apices

treated with 0.004% Sitsirikine for different durations

Duration of treatment in hours Total 9
1 3 6 12 2L
Cells observed 995 1420 305 565 720 L0005
Cells showing:
1. Breakages 10 = - - - 10 0.25
2. OSpindle _
imibition = 11 - - - 11 0.275
Total
aberrent cells 10 1 - = - 21 7
% 1.0  0.775 -~ . . Qe 82

/9




Table IV.7E

Frequency of total aberrations in the root apices
treated different concentrations of Sitsirikine
M for different durations

Concentration Duration of trestment in hours Total Mean
in % 1 3 6 12 2, in%
0:001 - - 1.67 - - 1.67 0033’4-
0.002 = - - - 107 1.7 0.31{-
0.00'4- ) 1005 00775 = - - " 0825 0 o 365

Total in % 1.05 0.775 1.67 - 17 5.195 1.039




Table IV.7F

Frequency of individual aberrations in the root
apices treated with different concentrations of

Sitsirikine
Aberration Concentration of the chemical Total
0,001% 0.002% 0.004%
1. Breakages - - 0.25 0.25
. Bridges 0.49 - - 0.49
3e Spindle inhibition - - 0.2758 0.275
Lo Phragmoplast
inhibition - &, - 0,22
Total 0.49 0,22 0.525

1.235




Table IV.7G

Mitotic indices in the root apices treated
with different concentrations of Sitsiri-
kine for different durations

Concentration Duration of treatment in hours Mean
in % B ! 3 6 12 21,
0.00L 7.30 559 5.28  8.47 - 5¢33

lMean 9.5’4' 5.19 5.3)4' 5-78 0.58 5.28




b1

g. Vinblastine

of aberrations:

V.1-3,6,7,9-15,17)

T
A¥pes and distribution
(Table TV.84-8D and Photos I

In the root apices of Sphedra foliata treated with
000 1/
01%, 0,002% and 0.00h%:concentrations of Vinblastire, for

berrati (Table 17.84) «

1=
24 hours duration, 13 2 ons are produced

produced. Breakages occur

In 0.001%, 3 aberrations are
otal m2an frequency of

durations with a ©

af
ter 1 hr and 24 hour
re observed only in

nd micronucleus a
ncies of 0.08 an
r 1 hr end 24 hr

0,
17. Spindle inhibition &
d 0.13 respectively.

1
hr duration with mean freque
s respe ctively

T
he aberration frequencies afte

amount to 1.9 and 0.56. No aberrat
s in this

The U

ot al percentage of aberration

1
2 hr durations.
,38 (Table IV.8B) .

Co
OCentration sums up 0

5 respectively. Micro-

§lving mean frequencied 0
Muelei gecur in 1 BF and 3 BT durationse Their mean frequency 18
rvation 1s observed after 1 bT with a
and 12 hr

0.
She  Nuelei
ncies 1in 1,3,6

fre
quency of Oe 8’-}4
3, 0,37 and 1.8 respectivelye” No

dy
r »
ations, amount t



r 24 hours. The total percentage of

sberrations occur afte
n sums up to 1.785 (Table IV.8C) .

aberrations in this concentratio

In 0.004% concentration, 12 aberrations are caused.

er 1 hr duration with a mean fre-

Somatic reduction occurs aft

quency of 0.11. Chromosome clumping and molten metaphaszs are
L, hrs of treatment with respective frequencies

seen after 6 and 2
s occur after 3 and 6 hrs

of 0,12 ard 0.055, Breakage
a frequency of 0.495.

of treat-

ment giving Bridges are observed after

1,6 and 12 hr duration

s with a frequency of 1e2s Forwards occur

hr and 6 hrs durations giving a frequency of 0.36.

is observed in 3,6 and 12 h
f 2.02. Spindle is disru

ion occurs after 3 and_é hrs

after 1
rs of treatment

Spindle shifting
pted after

contributing a frequency O

ereas 1its complete inhibit

£ nr wh
jes are 0.22 and 0.76.

Their respective frequenc

durationsS.
f treatment and is

phragmoplast is shifted after 12 hours ©
s as wellss 24 hourse

ed after 12 hour
0.21 and 0.36 respectively. The most simgularly

cid starvation,
s 1.35. The aberration

inhibit Their freguencies
work out to
ocecuring only

rtant observation is nucleica

impo
1ts frequency i
and 24 hrs of ©

The total

pod rreatment .
reatment are 9,63,

in 1 hou

fter 1’3r6’ 12

1,88 resp® ctively.
ums up to 7.46

frequencies a 4
‘ percentage of

ncentration ) (Table IV.8D) «



2,008, and 7. 118. In 0.001%,

(-9 )
ns occur only in 1 hr, am 24 hr

concentrations, are O. 496,

aberratio (0,58) durations. In

cur in all except 2/, hr duration. The frequen-

0.,002%, they oc
1.3 (3hr), 0.37 (6 hr) and 1.8 (12 hr).

oles are 6,57 (1 brl,

In 0.,004% aberrations are
9.63 (1 hr) 7.63 (3 hrs),

ved in all durations. The fre-
7.9(6 hrs), 8.5 (12 hrs)

into account the

obser

quencies are
and 1.88 (24 hrs) .
aberration frequenciess in 1,3,6,

18,10, 8.93, 8427, 10.3 and 2446

Taking the durations only
12 and 24 hr of durations are

respectively mounting upto &

total of 48.06 (Table IV.88) .

Now the individual aber:ations ara oonsidered after

incs in di fferent durationse Chromo=

pooling together their readineg
spindle shifting,

forwards,

molten_metophases,
t inhibition are observed

some clumping,
hifting, and phragmoplas

phragmoplasb S
Their mea

0.004% concentration.
0036, 2002’ 0.217’ arﬂ. 0.3

only in n frequencies are found
to be 0.12 0.55
bridgess
nted both in
jes of 0,20,
pindle inhibit
ar in 0.001% a
1.04 and 0,67

6 respectively. Somatic

gpindle disruption, and nucleicacid starvas
0.002% and_0.00h% concentrations with

1-381 0'355, and p A

jon are noticed in 0.001% and

nd 0.002%, Their respective

reductioi,

tion are represe
9 respectively.

total mean frequent

While preakages and S
ro auclel occC
g are Oe 665,

Thus, the total

0,004%, wic
{ Table

mean frequenCie

percentag®e of aber

IV.8F).



(3.39) and minimum (1.16) after 12 hrs. 1In 0,002% the maximum

index is shown after 3 hrs ( 3.45) and minimum (1+25) after 24

hours. In 0.004%, the mito®
) after 2L, hours. The mean mitotic

ic index is maximum after 1 hour

(5.83) and minimum (1.30

indices in 0.,001%, 0.,002% and O.QOLP% concentrations work out to be

2.8, 2,37 and 2,78 respectively.

On the whole, the range ©of mitotic indices in the

material 1lies between 1o 16 and 5,63, Among the concentrations,
indices are least in 0.001% and maximum in 0.004% concentration.
Among durations, mximum is after 3 hrs and minimum after 21, hrse

The mean mitotiC jndex of them terial works out to 2¢75



Table IV.8A

Presence of various aberrations in the root apices
treated with differemt concentrations of Vinblastine
for different durations

Duration Concentration of the chemical
C;_g agiigmnt 0.001% 0.002% 0.004%
1 Bk,5i,Mn Mn,Ns Br,Sr,Fr,3d,Ns
3 = Mn Br,Bk,5s,31
6 - Sr Ce¢,Br,Bk,Fr,3s,31
12 - Br,Sd Br,Ss,Ps,Pi
2L Bk

- Mm,Pi

Total number of aberrations




Distribution of various aberrations in the root apices

Table IV.8B

treated with 0.001% Vinblastine, for differemt durations

Duration of treatment in hours

Total &
1 3 6 12 2L
Cells observed 1256 24,80 1576 1360 856 7528
Cells showing:
1.  Breakages 8 - - - 5 13 0.17
2. Spindle inhibition 6 - - - - 6 0.08
3. Mieronuclel . 10 " - & < 10 0.13
Total
aberrent cells 24 - - - v 29
% 1.9 - - - 0.58

0.38




Table IV.8C

Distribution of various aberrations in the root apices
treated with 0.002% Vinblastine for different durations

Duration of treatment in hours

Total 9
1 3 6 i by 4 2L

Cells observed 1096 1536 1635 1152 1272 6691
Cells showing:

1. Somstic reductiocn

2., Bridges - - - 12 - 12 0.18
3. Spindle disruption - - - 9 - 9 0.135
L Micronuclel 16 20 - - - 36 0,54
5. WNucleic acid 56 - - - - 56 0.84

starvaticn

Total

aberrent cells 72 20 6 21 - 119
%

6:57 4.3 0.37 1.8 - 1.785




Table IV.8D

Distribution of various aberrations in the root apices
treated with 0.,004% Vinblastine for different durations

Duration of treatment in hours

Total %
. 1 3 6 12 2L
Cells observed 174k 1560 1760 1152 1064 7280
Cells showing:
1. Somatic reduction 8 - - - - 8 0.11
2. Chromosome clumping - - 9 - - 9 0,12
3. lMolten mestaphase - - - - L L 0.055
L, Breakages - 29 7 - - 36 0.495
5« Bridges 3 - 35 2L - Q0 12
6.. Forwards 15 - 11 - - 26 0,36
7. Spindle shifting - 51 L6 L9 - 14,6 2,02
8. Spindle disruption 16 - . - - 16 0.22
9. Spindle inhibition - 39 31 - - 70 0.96
10, Phragmoplast shifting - - o 15 - 15 0.21
11. Phragmoplast inhibition = - & 10 16 26 0.36
12. Nucleic acid starvation 98 = & = - o8 135
rgfagi}‘ent cells 168 1 8 20 5kl
el 1% s 1. 7.46




Table IV.88

Frequency of total aberrations in the root aplces
treated with differemt concentrations of Vinblas-
tinz for differemt durations

Concentration Duration of treatment in hours Total Mean
in % 1 3 6 12 2 in %
0.001 1.9 i = - 0.58 2.’4—8 0.’+96
0,002 6157 Ta3 0,37 1.8 - 10.04 2.00¢

0.004 9.63 7.63 7.9 845 1.68 35.54 7.118

Total in % 18.10 8.93 BT 10.3 2.6  L4,8,06 9.612




Table IV.8F

Frequency of individual aberrations in the root apices
treated with different concentrastions of Vinblastine

Aberration Concentration of the chemical Total
0,001% 0.002% 0,004%
1. Somatic reduction - 0,09 0.11 0.20
2. Chromosome clumping = - 0,12 0.12
3, Molten metaphase - - Q085 0.055
L. Breakages 0.%7 - 0.495 0.665
5. Bridges - 0,18 .20 1.38
6. TForwards - - 0.36 0.36
7. Spindle shifting - - 2.02 2.02
8. Spindle disruption - 0,135 0+22 0.355
9. ?hragmoplast shifting - - 0,21 0.21
10. Spindle inhibition 0,08 I~ 0.96 1.04
11. Phragmoplast inhibition - - 0.36 0.36
12. Micronucleus 0.13 0.5 - 0.67
13. Nucleic acid starvation - 0.84 1.35 2.19
Total |

1.785




Table IV.8G

Mitotic indices in the root apices treated with
different concentrations of Vinblastine for
different durations

Concentration Duration of treatment in hours Mean
in 1 3 6 12 21,

10,001 2,03 3.39 2.8 1.6 1.2 2.18
0.002 1.1 Y 2.50 3.23 1.25 237
.O'GOL 5.83 5.0L 3.71 2.65 1«30 3.76
Tean

3.09 3.96 3.03 235 1.32

2,75




9, Vindoline

ion of aberrations:

Iv.6,7,9,10-12;15,17)

Types and distribut

(Table IV.9 A-9D and Photos

In the root apices of Ephedra foliata treated with

0.004L% concentrations of Vindoline, for

0.001%, 0.002% and
roduced (Table IV.94) .

1-2, hrs 8 aberrations are P

presente. Bridges occur

In 0.001%, 3 aberrations are

rations giving a mean frequency of 0.7

in 3 hr and 24 hr du
while Nueleic acid

jced only after 6 hre

Spindle inhibition 18 not
Their respecti

ar 24 hrse.
The aberration frequenc

ve mean fre-

n is found aft

stargatio
ies after 3

0.15 and 0.2

v 0e 3054 0.96
ur and 12 hr durations.
o works out to 0.45

quencies are
and 1.06 respectively. No aber-

6 and 24 hours 2@
The total percen-

rations occur in 1 ho
tage of aberrations in this concantratio
(Table IV.9B). |
Bridges oceur after

i with mean fra=
= e tion frequencies

pctivelye N abeTECE

61 res
The total

3[{- and O,

), nr treatmi®s’

o warks out e

1,12

oS in this concentratio
;
!

A

tions are observed in

percentage of aber‘rati

0.23 (Table IV-9C)°



In 0.004% there are 7 aberrations. Breakages and

L, and 12 hours of treatments with respective

bridges occur after 2
nd O.1k. Forwards occur both after

mean frequencies of 0.11 a
Spindle

1 as well as 24 hours with a total mean frequency of O.42.

rs and spindle inhi-

shifting and micronuclei occur after 3 hou

Their respective mean frequencies are

bition after 6 hourse.

0.25’ 0.25 and 0021. NUC].eiC
Q.17

treatment are 1. g

acid starvation occurs after 1 hour

The aberration frequencies after

with a mean frequency of
1,3,6,12 and 24 hours of 2.53, 0.82, 0,78 and

2,.29 respectively. The total percentare of aberrations in this

concentration WOrks out to 155 (Table TV.9D) «

Frequency:

(Table IV-93,9F)

o aberrations together, the respective

n O 001% 0.002% and 0.004% concen-
In 0.001%,

Considering all th

frequencies -

mean aberration
8 respectively.

trations are O- 1,65 4,0 A&
aberrations occur after 3 hours (0.305) 6 nours (0. 96) an
hrs (1.06) In O 002%, they occur only after 3 hrs (0. 34) and
o i 0.004% they are observed 11 all dura-=
; 0.82

2.53 ( 3hrs) s

6 hrs (0.61)5
ng the_durations

7{1hr),

Taki

tions .
(6 hrs), 0.78
only into account s
hr treatments ar°

g1 of 11

forming a tota

Now the jpdividud

Pooling togetheT thel




onuclel are present only

forwards, spindle ghifting and micr
Their frequencies are 0.11, 042,

in 0,004% concentratione.

0% :
25 and 0.25 respectively. spindle disruption is present only
in 0.002% with a frequency of 0.13, Spindle jphibition and

nucleic acid starvation occur both 1in 0.001% and 0.004%, with
respective frequencies of 0,36 and 0637 Bridges are the only
the concentrationss The frequency is

aberrations present in all
0.34. The total percentage of aberrations caused by yindoline

sums up to 2+23 (Table IV.9F) .

Mitotlie indices:

(Table 1V.10G)

tic index is after‘12 hour

t he maximum mito
ur (3.45). In 0.002%

In 0.001%,

l6.7h) apnd minimum after 1 ho

ximum jndex 1is after 12 hours (5.31)
In 0.00L4%, the maximum is a

The mean m

put mi nimum

fter

treatment

alao, the ¥4

jtotic

after 6 hrs du
r 6 hours (2.22).

tion are calculated

3 hrs ll.p.
] ' 0.00h% cqncentra

Among the concentrations,

22 and 6o Tke °
; the dura=

n 6 hOU.I'SO



Table IV.9A

Presence of various aberrations in the root apices
treated with different concentrations of Vindoline
for different durations

Duration Concentration of the chenical
of treatment
in hours 0,001% 0.002% 0.004%
1 - - Ns
Br Br Ss,lMn
6 S1 Sd Si
12 “ - Br
2L Ns,Br - Bk,Fr

Total number of aberrations : 8

L]




Table IV.9B

Distribution of various aberrations in the root apilces
treated with 0.001% Vindoline ,fdr different durations

Duration of treatment in hours Total %
1 3 6 12 2L
Cells observed 3172 3940 2396 2676 3220 15404
Cells showing:
. Bridges - 12 - - 3 15 0.1
2. Spindle inhibition - - 23 - - 23 0.15
3, MNucleic acid - - = - 31 31 0.2
starvation
Ta%’;ﬁe nt cells - 12 23 - 3 69
% - 0.305 0.96 - 1.06 O.k5




Table IV.9C

Distribution of various aberrations in the root apices
treated with0,002% Vindoline for differemt durations

Duration of treatment in hours Total %
1 3 6 12 2L
Cells observed 182l 3876 2940 18148 2700 13188
Cells showing:
1. Bridges - 13 - - b 13 0.1
2. Spindle disruption - = 18 - - 18 0.13
Total
aberrent cells - 13 18 - - 31
- 0.34 0.61 - - 0.23

%




Table IV.9D

Distribution of variocus aberrations in the root apices
treated with 0,004% Vindoline for different durations

Duration of treatment in hours Total %
i | 3 6 12 2L

Cells observed 3900 3516 4392 3072 1968 16848
Cells showing:

1. Breskages

- - 18 18 D11
2., Bridges - - - 2L - 2l O.14
3, Forwards L5 - - - 27 72 0.42
Lo Spindle shifting - L2 - - - L2 0.25
5., Spindle inhibition - - 36 - - 36 - 0.21
6, IMicronucleus - L8 - - - L8 0.25
7. MNuecleic aecid starvation 28 - - - - 28 0.17
z%gi%'ent cells 73 90 36 2L L5 268
% 1.87 2.53 0.82  0.78  2.29 1.55




Table IV.9F

Frequency of individual aberrations in the root apices
treated with different concentrations of ¥indoline

Aberration Concentration of the chemical Total
0.001% 0.002% 0.004%
1. Breakages - - 0.11 0.11
2. Bridges 0.1 0.1 O.14 0.3
3. Forwards - - 0.42 0.42
L, Spindle shifting = - 0.25 0.25
5. Spindle disruption = 0.13 - 0.13
6. Spindle iphibition 0.15 - 0.21 0,36
7. Micronucleus - - 0.25 0.25
8. Nucleic acid starvation 0.20 - 0.17 0.37
Total 0.h5 0.23 1.55 2423




Table IV.9G

Mitotic indices in the root apices treated with
different concentrations of Vindoline

for
different durations

Concentrations Duration of trsatment in hours lean
o \ 2 G \ 2 2 4
0,001 3445 3.58 3.85 6.74 4.58 Lobl
0,002 5¢28 3.53 307 5431 3.46 %13
0,004 3.92 L.88 2.2 3.05 2.82 3.38
Mean : L,22 L .00 3.05 5.03 3.62 3.98




10. Yohimbine

EYP@S and distribution of aberrations:
nd Photos IV.1 J2 1465 74911 ,14)

(Tables IV.10A-10D a

ss of Bphedra foliata treated with

In th2 root apic
0,001%, 0,002% and 0.0ouﬁ‘concentrations of yohimbine for 1-2L

hours 9 aberrations are observed (Table IV.104) .

In 0.001%, 2 types of aberrations are present. Chromo-

some diminution is affected in 3 hr and 6 hr duration resulting

of 0,29, while spindle shi
ncy of 0.22. The aberration frequencies

in a mean frequency fting occurs after

3 hrs, with a mean freque

5 and 1.35 respectively. No aberra-

after 3 hrs and 6 hrs are 1.k

tions are caused in 1,12 and 24 hr durations. The total percentage

) concentration ig 0.51 (Table IV.10B) .

of aberrations in thi

In 0.002%, 5 aberrations are qoticed. Somatic reduction
occurs only in 1 BT guration with a mean frequency of 0.09.

urs after 6 hours treatment with a mean

Chromosome clumping ©€C
bridges and spindle shifting occur

frequency of 0.66. BreakagesS,

jon with mean frequencies of 0,12, 0.152 and

°nly in 1 hour durat

0.36, respe ctivelys The respective aberration frequencies after

1, 3 amg 6 hours duration work out ©o 2.30, 1.11 and 0,49, No

and 24 hours duratione The total percen-
n is 0.782 (Table IV.10C),

ab - -
errations occur 1in 12

ta i
ge of aberrations in this concentratio



In 0.004%, 6 aberrations are caused. Breakages and

bridges occur after 12 and 24 hours respectively, with mean

and 0.2. Spindle shifting is affected
Forwards, spindle

frequencies of 0.06

after 1 hr with a mean frequency of 0.2.
bition occur only after 3 hrs

18, 0.28 and 0,36 respec-
s after 1,3,12 and

disruption and phrogmoplast inhi

of treatrermt giving frequencies of O.

pactive aberrat ion frequencie

a 0,64 313, 1.82 ard 1.80. The total per-

tively, The res

24 hrs durations ar

this concentration is 1,28(Table g R 16) 13 1P

Centage of aberrations in

Frequency:

(Tables IV.10i,10F)

1 the aberrations togethar, the respec-
jes in 0.001%,0.002% and 0.004%

478, In 0,001%, aberrations
In 0.002%,

Considering al
tive mean aberration frequenc

Concentrations are 056, 0.78 and 1
) and 6 hrs (1.35) duration.

Occur only in 3 hrs (1.45
s well as 6 hrs (0.49) .

they gcour after 1 hr (2.30), 3 hrs (1.11) a

jons are recorded in all treatments except

But in 0,004%, aberrat
5s13

Their frequencies are 0.64 (1 hr),
Taking the durations

jes in 1,3,6,12 and

that of 6 nr duratione

(3 hrs),1,82 (12 nrs) and 1.80 (24 hrs).

the aberration frequenc

Only into account,
4,5.69,1.8h,1.82 and 1.80 respectively

%4 hrg duraticn are 2.9

Now the ipdividual sberrations are considerad after

p . .
0011Qg together thelr readings 1n different durations. Chromo-

80 .
W diminution is present only in 0.001% with a frequency of



0.29, Somztic reduction, chromosome clumping are recorded only

in 0,002% concentration both respective frequencies of 0.09 and

and phragmoplast inhibition

0,06, Forwsrds, spindle disruption,
8 and 0.36.

are reported only in 0.004% with prequencies of 0.18,0.2

0.002% as well as 0.004%

Breakages and bpridges occur both in
s of 0,18 and®-352. Spindle

concentration with respe ctive frequencie

shifting alone oCCUrs in 211 the three concentrations. The fre-

Quency 0,78. The total percentage of aberrations produced by

yohimbine is calculated tO be 2.572 (Table IV.10F) .

Mitotic indices:

(Table IV.10G)

otic index is after 3 hrs
In 0.002%, the

In 0.001%, the maximum mit

(4,8) and minimum after 6 hrs (1.08) treatment.

maximum is after 6 hrs (5.76) and minimum after 24 hrs (2.82).

In 0,004%, maximum jg in 1 hr (5.,05) duration and minimum indeX

The means of mitotic indices in 0,001%,

after 24 hours {2.1)
s found tobe 5.56, 6.81 ard

0.002% arnd 0.004% concentrations ar
6.12 respectivelye

On the whole, the rang2 of mitotic indices in the

Materiag]l lies between 1.08 and 5070 Among the concentrations

the indices are more in 0.002% and least in ,0.001%. Among

durations maximum is in ! hr treagment and minimum after 24 hours.,

T
he mean mitotic indeX of the material works out to 370

HERAL



Table IV.10A

Presence of varicus aberrations in the root apices
treated with different concentrations of Yohimbine
for different durations

Duration Concentration of the chemic al
of treatment
in hours 0,001% 0.002% 0.004%
1 - Sr,Br,Bk Ss
3 Cd,Ss Ss Fr,5d4,P1
6 cd Ce -
12 - = Bk
2L - - Br

Total number of aberrations : 9




Table IV.10B

Distribution of various aberrations in the root apices
treated with 0.001% Yohimbine ,for different durations

Duration of treatmemt in hours Total %
1 3 6 12 2L,
Cells observed 2639 2555 1554 2646 20913 11487
Cells showingz:
1, Chromosoms - i 21 - °
diminution . e
2., Spindle shifting - 25 - - - 25 0,22
Total ‘
aberrent cells - 37 21 - - 58
0.51

% = 10’4‘5 1035 e =




Table IV.10C

Distribution of vari

ous aberrations in the root apices
treated with 0,002%

Yohimbine for different durations

Duration of treatment in hours

Total A
1 3 6 12 2L

Cells observed 1561 323L 1211 2009 1820 0835

Cells shoding:

1. Somatic reduction 9 - - - - 9 0.09
2. Chromosome clumping - - 6 - - 6 0.06
3., Breakages 12 - - - - 12 0,12
Ll». Bridges 15 = - - - 15 0.152

5, Spindle shifting - 36 & - - 36 0.36
Total
aberrent cells 36 36 6 - - 78
% 2,30 1.11  0.49 - - 0,782




Distribution of var
treated with 0.004% Yohimbine

Table IV.10D

rious aberrations in the root apices
for differemt durations

Duration of treatment in hours

Total %
1 3 6 12 2L
Cells observed 3290 2625 2940 329 1162 10346
Cells showing:
1. Breakages - - - 6 - 6 0,06
24 Bridges - - - - 21 21 0.2
3. Forwards = 18 - - - 18 0.18
ko Spindle shifting 21 - - - - 21 0.2
5, Spindle disruption - 28 - - - 28 0,28
6. Phragmoplast - 36 - - - 36 0.36
inhibition
Total
aberrent cells 21 82 - 6 21 130
% 0.6k 3.13 - 1.82 1.80 1.28




Table IV.10E

Frequency of total aberrations in the root apices
treated with different concentrations of Yohimbine
for different durations

Concentration in Duration of treatment in hours Total in Mean
b 1 3 6 12 20, %
0,001 - 145 1435 = - 2.80 0.56
0,002 2. 30 1231 0.49 - - 3.90 0.78
0.0D!& l Ooélb 3.13 - 1.82 1.80 7.39 1.1&78

Total in % 2.94 5,69 1.84 1.82 1.80  14.09 2.818




Table IV,10F

Frequency of individual aberrations in the root apices

treated with different concentrations of Yohimbine

Aberration Concentration of the chemical Total
0.001% 0.002% 0.004%
1. Somatic reduction - 0.09 - 0.09
e Chromosome clumping - 0.06 - 0.06
3e Chromosome diminution 0,29 - - 0.29
I Breakages - 0.12 0,06 0.18
5 Bridges - 0.152 0.2 0.352
6. Forwards - - 0.18 0.18
Te Spindle shifting D22 0,36 02 0.78
8. Spindle disruption - - 0.28 0,28
9. Phragmoplast inhibition = - 0.36 0.36
Total 0.51 0.782 1.28 2,572




Table IV.10G

Mitotic indices in the root apices treated with
different concentrations of Yohimbine for different durations

Cox}cent.ra‘cion Duration of treatment in hours " Mean
in % 1 3 6 12 2L,
0.001 3.76 L.8 1.08 he12 2.94 5456
0.002 hO8 3.7 5,76 1,08 2,82 6.81
0,004 5.05 Lhel3 L.96 2:13 2.1 6.12

Mean 2.58 2453 2436 2.07 157 3.70
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Table IV,.11

Relative frequency of various sberrations
in the root apices treatad with aminoacids

Type of Aberration A?gi— Gly- Methio- Threo- Valine
aberration nine cine nine nine
I. KARYOKINETIC
a. Chromosomal 1. Somatic 0,018 0,065 - - -
reduction
2. Chromosome 1.221 0.243 - - 0.123
clumping
Molten 0,180 - - - -
metaphase
L. Chromosome 0.065 ~ 0.178 - 0,344
diminution
5. Chromosome - 8,122 - - -
dots
6. Breakages 0.043 0.231 - - -
7. Bridges 0.560 0.6LA = - -
¥. Toraards Q. L6k 0.392 0.175 - 0.742
9. Laggards 0.024 - - L e
b. Spindle 10. Spindle 0.529 1.304 0.251 - 0.159
_ shifting
11 . Spindle 0,284 - 0,0
disruption 1& Q5157 & 95059
12. Spindle 3 3 5
inhibition 94180 =
&ETIC 1 3 Phragmoplast 0.2 0. -
II. CYTOKINETI - ShiFtn o7 131
W Phragmoplast - 0.966 -
inhibition 4 s 376200
27IC 15, Persistent 0.073 0.11 -
TEL . NONKINETI B L 0.061 0,040
16. Microaucleus 0.17L gEoa5 2 0.089 0.143
17. Nuclear atrophy 0,356 - b 1.360 <
18. Nuclear 0.503 s & 0.98 -
ejection
TOTAL L.791 byo blyd 0.843 3.988 2,001

Total

0,083
1587
0,180
0,587
0.122

0,274
1.201

1.773
0,024

2.243

0.948
0.100
0.428
2.385
0.292

0.638
1.716
1.14-83




Table IV.12

Relative frequency of different types of
aberrations in the root apices treated
with various aminoacids

CHEMICAL KARYOKINATIC CYTOKINETIC NONKINETIC TOTAL
Chromosomal Spindle

1. Arginine 2.575 0.813 0.297 1,106 ko791
2. Glycine 1,694 1.30L 1.097 0.346 byo i1
3. Methionine 0.353 0.L429 - 0.061 0.843
L. Threonine - - 04137 1.378 2173 3.988

5. Valine 1.209 0,608 0.041 0.143 2.001

Total 54781 3.291 2,813 L.129 16.064

9.072




Table IV.13

Total percentage of aberrations in the root apices
treated with different concentrations of Aminoacids

Concentration Arginine Glycine Methionine Threonine Valine Total
0,01% 1.717 1,186 0+15% . 0.105 0.70L
0.05% 0.761 1,16k 0.417 1,204 0,309
0e1% 2.313 2.097 0.275 2.679 0,988
Total L. 791 Lo L1 0.843 3.988 2.001

16,064

Mean : 3,213



Table IV.1h

Mean mitotic indices in the root apices
xreated with different concentrations
of Amino acids

Concentration Arginine Glycine Methionine Threonine Valine Rean
0.05% 9.2k 9.00 9.58 6.59 5.61
0.1% 7.36 11.50 6.63 .96 6.24
Mean 7.48 8.90 8.36 5,69 5,66 7.22




Table IV.15

Relative frequency of various aberrations
in the root apices treated in alkaloids

Type of Aberration Lochne- Sitsi- Vinblas- Vindo- Yohim- Total
aberration rinlne rikine tine line bine
1. KARYOKINATIC
a. Chromosomal 1. Somatic - - 0,20 - 0.09 0.29
reduction
2. Chromosome - - 0.12 - 0.06 0.18
clumping
3. Molten - - 0.055 - 0,055
metaphase
L, Chromosome - - - - 0,29 0.29
diminution
5. Breakages - 0.25 0.665 0,11 0.18 1.205
6. Bridges 0.32 0.49 1.38 0.34 0352 2.882
7. FTorwards - - 0.36 0.2 0,18 0.96
b. Spindle 8. OSpindle 0.34 - 2.02 0.25 0.78 3,39
shifting
- disruption :
10. Spindle - 0.275 104 0.36 - 1.675
inhibition
11, CSYTOKINETIC 11. Phragmoplast - - 0.21 - = 0.21
shifting
12. Phragmoplast - 0.22 0.36 - 0.36 0.94
inhibition
III. NONKINETIC 13. Micronucleus 0.37 = 0.67 0.25 3 1.29
1. Nuecleic acid = - 2.19 0.37 S 2.56
starvation
TOTAL 1.03 1,235 9.625 2.23 255725 “165692




Table IV.16

Relative frequency of different types of
aberrations in the root apices treated
with various alkaloids

CHEMICAL KARYOKINRTIC CYTOKINETIC NONKINETIC TOTAL
Chromosomal  Spindle
1. Lochnerinine 0.32 043k - 0,37 1.03
2, Sitsirikine 037h 0,275 0,22 - j PR LS
3, Vinblastine 2.78 3.115 0.57 2.86 9.625
Lo Vindoline 0,87 0.7k - 0.62 2.23
Total 5,862 5.830 115 3.85 16.692

11.692

v II N /



Table IV.17

Total percentage of aberrations in the root
apices treated with different concentrations
of Alkaloids

lochnerinine Sitsirikine Vunblastine Vindolin

e Yohimbine Total

Concentration
0.001% 0,37 0,&9 0.38 045 0.51
0.002% 0.17 Q.22 1.785 0.23 0.79
Total 1.03 1.235 9.625 2.23 2.58 16,7

Mean : 3.334



Table IV.18

Mean mitotic indices in the root apices
treated with different concentrations
of alkaloids

Lochnerinine Sitsirikine Vinblastine Vindoline Yohimbine Mean

Conecentration
0,001% 2.75 3ok 2.18 holily 5456
0,002% 3. 48 7.38 2+37 Le13 6.81
0.004% 227 Se33 3.71 3.38 6.12
Mean 2083 5028 2075 3098 307 3071
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I. DIURNAL MITOTIC PSRIODICITY
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1l. KARYOTYPE ANALYS IS
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TII. NATURAL ABERRATIONS

Micronuclei:

Khoshoo (1957) , and Gopinath and Subramaniam( 1963)

n of micronuclei as du

nsidered them as d
et al (1966) found a propor-

ained the formatio e to laggards

Abraham and smith (1966) co
Nelson - ReesS,

expl
us to chromosome
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ed in the preceding chapter
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consequencee.
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1t is chemically different from the remainder in being rich
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n and ROSS 19
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TV. INDUCED ABSRRATIONS

e the discovery that'chemiCals can induce

(Kostoff,1933),
offects on mitosis drd cell division

Sinc
a large number of them

mitotic aberrations

have been tried for their
ys been for a specific subs-

In so doing, the search has alwa
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f nuclear material.
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quite often be farreaching.
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ical implications uced aberrations
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) Cytotoxic, (ii) Nucleotoxic and (iii)

pears that no visible aberrations
But
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ividing nuclei a
tely true and henc
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The most important of all aberrations are the chro-

mosome breaks, which are often referred to as radiomimetic

becawse they mimic radiation offects by being random and non

The first chemical that has been found to mimic

specific.
was urethane employad on the root

radiation-produced breakage,

). BEver since, a number of
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9; Revell 1953,
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ucing similar effects. An interesting work is that of

pbuchi (1962a,
ng several inorganic salts.

prod
1962b) who induced a wide range

Matsuura and Iwa

of aberratioas DY employi

act of aminoacids and alkaloids:

Relative 1imp

Among the aminoacids arginine is found to be the
70O MOS0 M aberrations, while threo-

ential inducer of ch

most pot
g are the most widespread

nine has no offect at all. Forward
and laggards the least, even 1esser than in controls. An inte-
resting observation is that methionine produces only chromo=

s and

n and forwardse. gacond 17, chromosome dot

some diminutio
cally produced byglyci

jaggards are specifi ne and arginine res-

pectively (Tables IV.11,12) .
the alkaloids, maximum gberrations are produced

Among
by vinblastine, and minimum by lochnerinine. Bridges occur
most frequently ard molﬁen metaphases, least. Lochnerinine
produces
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ards are totally
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s only pridzes,
ne dots and lagg
Molten IE tapha

specifically produce
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aloid treatmertSe
fically produ
15,16) «
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Mechanism of aberrations:

The mznner in which ths chromosom-1 aberrations

occur have been understood to quite an appreciable extent
?

although doubts persist. The sberrations originate mainly from

among themselves which may be phys

ng enzyme-controlled biosynthetic activi-

discrepancies jcal, chemical

or biochemical involvi

ties o
ue to excassive

m diminution is clearly d

Chromoso
probably could be

coiling of chromonematae Chromosome dots

as they are obsefved to be mostly hetero-

telomeric fragments,
metaphase OT anaphase,

whethe r in prophase,
ential,

qgknotic. Breakages,
d type,

r of chromosomal or chromati are very consequ

ﬁhethe

Some of the breaks may result in the formation of bridges 1if

appropriate reunion takes place, the extent of bridges being
64) o

dependent on the degree of breakage and reunion (Photo IV.

However, when tie brid
gome of them ar

they all may not be of

ges are numarous,
robably from

e sticky resulting P

the same TypPe.
| incomplete protein syathesis and/or incomplete gseparation telomere
2t the region of (Photo 1v.6c,6d) .

ng to DNA ard protein appear

lar imbalances pertaini

o molten appearance of
However, Bammi amd

Simi
metaphases as

Jura ( 1966)

nce

to be responsible for th

s clumping of chromosomes .
mere chromation due to jnterfere

Somatic reduction in Allium cepa
1963; Simantel

well a
t arosions'

consider them @S
h the coiling mecha nisie

aniam,1963),Sorghum Chen and Ross,
the present observations on B.foliata clearly

an one causabive factors. Thus,

wit
( Royan-Subram

and Ross , 1964) a nd

jndicate the role of more th



centromeric division and spindle

chromosome duplication,
nfluencing fac-

together or separately may be the i

mechanism,
according to Simantel amd Ross(1964) somatic

tors., However,
reduction consists of either a series of divisions involving

non-disjunction aml selection or genome segregation.

Forwards and laggards are supposed to occur due to
was regarded to be

differert velocities of movement which

their

osition at the equatorial region. Those

a function of their p
the central interpolar axis move 25% faster than

farthest from
Probably this explains

the central chromosomes (Nicklas,1965)«

the phenomenon of lagging amd precocity. While the orientation

particular chromosome may

at the periphery or the centre, of a
t most of the laggards

be a matter of chance, it 1is significant tha

2nd forwards observed in the present work are acrocentric. Thus

it appears that size also is a contributing factor. Submetacen-

trics also had been observed with similar behaviour, occassional-

ly. Thus, while somatic reduction, forwards and laggards give
credence to the concept of autonomous movement of chromosomes,
in the light of Rickards' (1965) theory of coorientation,centro-

mere ard spindle also appear to have considerable influence on

these aberrations.

b. Spindle:
Disruption of spindle material is likely to effect the

ro i tendln n
grouping of chromosomes and may lead to many attending conse-=
quences. K 4 ndle
S aufman and Das (1954 & 1955) disturbed the spindl
mechanism by me i
is y means of ribonuclease incidentally proving the

pres i
ence of RNA in the spindle. Barthelmess (1957) reported



induction of multipolar spindles by the action of athnol on
Allium root tip cells resulting in the irregular chromosome
segregation. Sharm amd Chaudhari (1959) reported similar

root tip cells of Lens esculentum treated

observations in the

with acenaphthene. Sorme chlorophycean pigments (Sharma & Datta,

1961) and Streptonigrin (Kihlman,1964) are some of the important
chemical s causing spindle disruption. Rao (1961) alos observed

le derangements in the grasshopper ,Poecilocera

an array of spind

picta, treated with urethane.

The most important spindle aberration is its complete
iphibition. A very large number of organic armd inorganic chemi-
cals are now known to have this kind of effect on the spindle
mechanism and can cause polyploidy. Ostergran (1944) enumerated
20 such substances. To mention a few, ether,chloral hydrate,
carbon disulphide, naphthalene, chloroform (Steineggar and Levan,
1947) acenapthene (Kostoff 1938 ; Levan, 1940), hydroxyquinoline
( Prakken and Swaminathan,1951), counarin and its derivatives
(Cornman, 1947, D'Amato, 1954a, Sarma,1968), acridines (D' Amato
and Avanzi, 1954), sulfanilamide (Mehra,1949 and §arma,1969),
gammexane (Nybom and Knutson,1947), potassium cyanide (Levan and
Wangenheim,1952) etc, may be cited. Yet, the most well known
and efficient spindle inhibitor is colchicine, ancalkaloid from

L
Lolchicum autumnale ard C. luteum. Podophyllin, a resinous

mi
Xxture obtained from Podophyllum peltatum, and P. erodi

has b
een  found to be effective in much greater dilutions

than i i
colchicine, The activity of podophyllotoxin, its

* Accepted for
ubli
Magazine,Tokyg. cation in 1969 volume of Botanical



therauptically active constituent is even greater (Cornman

amd Cornman,1951) .

It is a fact that the situation of chromosome groups
and ths orientation of the spindle are correlated. References
concerning the progressive shifting of the spindle apparatus
from longitudimzl to transverse axis of the cell, throurh
oblique and diagonal orientations appear to be lacking. The

spindle orientations are recognised by the appearance of chro-

mosome groups in metaphase, anaphase and telophase.

Relative impact of aminoacids ard alks loids:

Among the aminoacids,tried here, glycine is found to

be the most effective and threonine, the least, the former causing
only spindle shifting and the latter spindle disruption. It
is significamt to note that the sulphur-containing methionine,
is the only aminoacid causing all types of spindle aberrationg

including its complete cessation. Among alkaloids, vinib-
lastine is the most effective and sitsirikine, the least. Spin-
dle shiftins is more widespread. Lochnerinine and sitsirikine

Cause only spindle shifting and spindle inhibition, respectively

while vinblastine and vindoline produce all the three spindle

aberrations (Tables IV.11,15).

In all amino acids but methionine thers is a direct

relationship betwezn concentration and spindle shifting and
inverse relationship with spindle disruption, In all alkaloids,

the spindle shifting either occurs only in higher concentrations

or directly increases with concent rativn,.



Mechanism of aberrations:

The spindle mechanism, is naturally subject to minor

variations 1like co nvergence and elongation (Bajor 1965) . Thus
the orientation of the whole apparatus is conditioned by the
physiological state of the cell, which if altered would natu=-

nt results. The spindle shifting

ng about jts attenda
n theory of Rickards (1965)

rally bri

by the co-orientatio

two principal factors gO
The first factor is that

sndently acting centromeres

may be explainad
cpested that

vern the orientation

who su
orientation is

of mitotic chromos O Se
the presence of two indep

achievad by
or stems from the capacity

ther, The second fact

1inked tO one ano
jented to one of the

of the centromere tO be conme influenced and or

Although this

gchenme obviously credits the cen=

gpindle poles.
hro=

t the orientation of ¢

d angular shifting

r role, it seems tha

ugh proof for the coordinate
bly the physical nature,

tromere with majo

mosong groups is eno
concern-

pparatus. Probe

of the spindle &
tein fibers is altered.

ing the bundling of pro

irdle derangement 8, 1ike spindle divergence,

only referrad to @

tion, are mainly due to the changes in the normal conv

Other sp
s spindle disrup-

spindle furcation etc. comh
ergent and

bipolar nature of the spindle.

Although a vast amount of ]iterature on gpindle inhi=

bition especially by colchicine (Bigsti and Dustin, 1955) has

a .
ccumulated, the exact mode of its action is 1little understood.

Brachet (1957) gave an account of various researches on the chemi-

cal nature of colchicine action which holds good for explaining



the mechanism of spindle inhibition. Mazia ard Dan (1952)

showed the absence of fibrillar orientation of the spindle

proteins when treated with inhibitors. Mazia (1955,1956,1956b)

t the =-SH groups, responsible
proteins are affected through oxidation.

contends tha for parallel fibrillar

oreintation of spind le

2. CYTOKINSTIC:

Cytokinesis occurs along the squatorial region of

that place is not known earlier.

t he cell. ghifting of it from

But reports of its complete inhibition existe Simonet and

Guinochet (1939)

benzene anx toluens ha

found that the ha logenated derivatives of

ge this kind of effect on the cells of

Linum. A similar response waS produczd by adenine and methylated
purines in Allium by Kihlman (1950) . Gonzalez - Fernandez et al
( 196L) alasoinhibited the formation of phragmoplast Dby caffeine
med phragmoplast has besen reported to

An already for
hydrozinio-

‘treatmert .
be dissolved by 2- hydrozinotropone and 7 - bromo 2-

tropone by Wada (1952) . N

Relative impact of amino acids and alkaloids:

Aminoacids and alkaloids affect cytokinesis differently.
The shifting of phragmoplas®t from its equatorial region, produced

mainly by aminoacids, is being repo
to inhibit mainly the phragmoplast formation,

Alkaloids are found
and after lon

ger duration of

of course in higher concentrations,
t reatmente Glycine and vinblastine are the only chemicals ©O
ng as well as jnhibition of phragmoplast.

cause both shifti



AUV A

Methionine, Lochnerinine ard Vindoline have no such effects.

arinoacids’are more active. Threorine is specific

In general, there appears to be a

On the whole,

for phragmoplast shifting.

ship between the aberrations and the concentration

direct relation
of the alkaloids and an inverse rel-tionship in case of amino-

acids (Table IV.11,12,15,16).

Mechanism of aberrations:

The mechanism of cytokinetic aberraticns is slightly

understood. Concerning the nature of phragmoplast, it originates

golgi vescicles and serves as a precursor of the cell wall,

from
Chemically, it consists of carpohydrates and urenoides which
y-Wyssling et al,196k) to give rise to cell

h the phragmoplast are said to
nd 0lah,1965).

later polymerise (Fre

wall. The profiles that establis

be derived from the nuclear envelope (Underbrink a

Further, existence of certain relationship between the spindle

been stressed by Bajor (1965) and Olah
phragmoplast usually

In the light

and phragmoplast has
(1965) ; the latter even observed a secondary

associated with one of the groups of chromosomes.

of all these, the phragmoplast shifting may be explained as due

to ®&ither dislocation of golgi vesicles from their normal

quidistance of spindles and

position, or to disruption of polar e

In this connection, it my berecalled that

ng its polar equidistance has

Mehra (1961) states "o

chromosome groupse
elongation of spindle, and disrupti
already been observed by Bajor (1965).
sharp line of distinction can be drawn between chemicals that

are responsible for spindle callapse and those which cause



cytokinetic inhibition, for, at different concentrations the same
substance may be fourd to show both the effects.” Thus it is

clear that a close relzationship exists between the spindle and

Complete inhibition of phragmoplast has been

the phragmoplast.
jon of cell plate by Wada (1952).

considerzd to be due to destruct
that the phragm
On the otherhand as Belousova

oplast precursors produced

But it is more probable

5 are disturbad.
at the oxidative phosphorylat

us affecting the ATP pool,

by golgil vesicle

et al (1966) suge
ja may be inhibited, th

of cellular syntheses.

ested th ion in the
mitochondr -

the major energy source

3, NONKINETIC:

the aberrations occur in the nonkinetic nucleus.
been reported tO occur S
1963) Cephalotaxus

Some of
pontaneously

Oof these, micronucleus has

tivum (Gopinath and Subramaniam,

nd also in the present m
uced them in Al1lium and Lolium res-

in Pisum S&
aterial. Barthelmess

(Khoshoo, 1957) a

(1957) and Jain (1963) ind
pectively by athnol and high temperature. Nucleic acid star- |

vation Or preventio en obtained |
Kihlman 1962,1963).

n of its‘synthesis has also be

earlier (

Relative impact ©of aminoacids amd alkaloids:

The frequency of sberrations is more in aminoacids
Four types of aberration
the only aberration comumon

s are present in

than in alkaloidse

the former anmd only two in th
eronuclel (Tables IVe11,15) o

e latter,

for both being mi

Among aminoacids, threonine 1is more potential and



methionine, the least. Nuclear atrophy is more widespread
’

hreonine. Persistent nucleolus is less fre-

caused mainly by t
Methio-

minoacids, except valine.

quent , but produced by all a
roduce persistent nucle-

ne appear to gspecifically p

nine and vali
ei respectively (Table IV.11,12).

olus and micronucl
blostine is the most powerful and

Among alkaloids, vin
Nucleic

ons are produced by sitsirikine and yohimbine.

no aberrati
Lochnerinine specifically

s more pronounced.
leic

acid starvation i
e only chemicals causing nuc

icn:nuolei,while h
d vindoline, especially the

produces m
ion are viniblastine an

nimal tissues (Palmer

ported

acid starvat

These had been employed earlier in a

formere
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CONCLUSIONS

From the foregone study, the following conclusions
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