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In the present paper we have arrived at the following conclusions:

(i) The growth of six single cell clones in terms of cell/nucleus and nucleus/
nucleoli appears to be more when RNA or DNA is incorporated in the media.
(ii) The logarithms to the base ten of the cumulative ratios cell/nucleus,
nucleus/nucleoli can be fairly represented by logygRg = A-+B(d—d )+C
(@—dy

(iii) The values of C are so irregular that no trend can be established.

IxTRODUCTION

Single cell clones of Phyllowera gall and normal grape stem have been
studied in tissue culture from various standpoints by Arya (1964), Arya,
Hildebrandt and Riker (1962a, 19626, 1962¢). The results are summarized in
the papers referred to. The authors Goyal and Goyal (1970) in an earlier
paper have studied the effects of incorporating nucleic acids (RNA and DNA)
in the media on the cell counts, nucleus counts, nucleoli counts and their
correlations, if any, with the growth of six single cell clones. This study
has been undertaken with a view to examine more closely the growth patterns
in terms of the cell, nucleus and nucleoli size. This would also enable us to
examine the claims of Arya (1963), based only on qualitative findings, that
the growth is correlated with the nucleic acid contents.

MATERIALS AND METHODS

Six single cell clones, three from gall tissue incited by Phylloxera vastatriz
Planch GP, —21, 8, 32 and three from normal grape stem tissue GS; —24, 81, 18
arranged in accordance to fast, medium fast and slow-growing characteristics,
were chosen for study. Four seed tissue transplants weighing approximately
35 mg were excised from three-week-old actively growing cultures. Each of
these was grown in 6-oz prescription bottles on 40 ml of modified White’s
basal mineral salt agar medium supplemented with pancreatic casein digest
(3:0 g per litre), sucrose (2:5%,), calcium pantothenate (2:5 mg per litre),
NAA (10 mg per litre), i-inositol (300-0 mg per litre) and RNA and DNA,
the concentrations of which were as given in Table 1.
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TasLe I
Contents of DN A and RN A in the media

Contents of Contents of
Material code RNA in the Material code DNA in the
media media
I 0-0 mgjlitre ID 0-0 mg/litre
v 40-0 " IVD 40-0 '
v 400-0 ’ VD 400-0 '
VI 4000-0 . viD 4000-0 '

The media were adjusted to pH 59 to 6-0 and the nucleic acids were
added to the media before autoclaving. The cultures were grown in dark at
26°4-2 °C and 55 per cent relative humidity. The harvests were made after
10, 20, 30 and 40 days. The materials were fixed in acetoalcohol (absolute
alcohol and glacial acetic acid in the ratio 1 :1) and were brought by Arya
from Wisconsin, U.S.A. Five mg of the preserved material was washed in
distilled water and immersed in 5 ml of an acid solution (5 per cent chromic acid
and 3 per cent hydrochloric acid in the ratio of 1 : 1). The suspension was left
at room temperature for a period of 24 to 48 hours depending on the hardness
of the tissue after which the tissue was shaken vigorously for 5 minutes and
repeatedly passed through a 10 ml syringe till the suspension appeared homo-
geneous. The cell suspension in chromic-hydrochloric acid was filtered. The
Whatman filter paper No. 1 was used throughout the experiment. The cell
mass left on the filter paper was washed several times with distilled water to
remove the chromic-hydrochloric acid. The cells so obtained were stained with
1 per cent aqueous solution of crystal violet and acetocarmine. Suspension
of the stained cells was made in distilled water and a drop of this suspension
was microcultured. Microculture technique of Jones ef al. (1960) was followed.

Three microculture chamber slides of each material were made for study.
Three different cells were measured on each slide using three equally cali-
brated areas. While measuring the cell size, care was taken to measure along
two perpendicular axes. The size of the nucleus in each measured cell was
also recorded. The diameter of the nucleolus was also measured. In case
there were more than one nucleus in a measured cell or more than one nuclzolus
in a measured nucleus, the dimensions of all of them were separately recorded.
Thus each preserved material yielded nine ohservations for each harvest
which was made after 10, 20, 30 and 40 days for each fast, medium fast and
slow-growing Phylloxera gall and normal grape stem clones. Thus quantita-
tively each material yielded 108 observations for each quantity, In case
when the cell boundaries were not well defined, the slide was rejected and a

new slide was prepared to get the observations.
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OBSERVATIONS

The observations of the cell size, nucleus size and nucleoli size appeared to
be difficult to handle without some systematic method which would reduce
them as far as possible into dimensionless quantities. Therefore, the following
method was employed to organize the observations for ready inferences.

The average cell size from nine observations was obtained. The number
of nucleus and nucleoli in these nine cells were recorded. The average sizes of
one nucleus and one nucleolus were also obtained. Regarding these average
sizes as the starting point for making statistical inferences we obtained the
ratio of average cell size to average nucleus size and average nucleus size to
average nucleoli size. This process gave us numbers which were dimensionless
quantities. These numbers, i.e. the ratios for each material harvested after
10, 20, 30, 40 days, were noted. From these ratios, cumulative ratios were
obtained in number of days < 10, < 20, < 30, < 40. The logarithms to the
base ten of these cumulative ratios were plotted on a graph paper with number
of days as abscissa. The curves were found to be fairly parabolic. Therefore,
the following empirical curve

log;oRq = A-+B(d—d)+C (d—d)2

was fitted, where Ry is the cumulative ratio of cell to nucleus size of nucleus to
nucleoli size for the growth in number of days less than or equal to 10, 20, 30
and 40 days. Twenty-five days were considered to be the unit of days and d
the number of days expressed as a multiple of 25 days as unit. The solution of
least squares was carried out to obtain the values of 4, B, ¢. The mean of
these values for I, 1V, V and ID, IVD, VD, VI was taken. The values of
A, B, C have been reduced to medium fast growing normal and medium fast
growing gall. The errors are probable errors from the mean. The equations
of the curves appear to be

1 GP, logioRu

1701 4 105) + (751 & 34) A d— (201 £ 109)( A d) 2

(

N GSg ., = (16544+36)4(898425) Ad—(T4+8)(Ad)2
ID%G& = (1736£57)+ (9424+15) Ad— (257 £87)( Ad)2
GSs . = (1866£74)+(996451) Ad— (427 £117)(Ad)?
IV-I%GP4 ., = (22244161)4(517444) Ad— (4054 133)( A d)?
GSs . = (203047)+ (654486) Ad—(6324208)( Ad)
IVD%GP4 = (1954-L38)+ (5611 48) Ad— (2394 106)( Ad)?
GSg , = (1917+84)(559L16) Ad— (471 £102)(Ad)?
,1\;I(;I>4 o = (15984+31)+ (4494 11) A d— (3724 28)( Ad)?
GSs » = (15734+28)+(4834+9) Ad—(384476)( Ad)?
ID; GP, ., = (12474+33)+(4761£32) Ad—(292467)(Ad)2
GSg ., = (1247427)4+(491+47) Ad—(181£21)(Ad)?
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v 1—% GP, logyo Ry = (1694 4112)+ (5244 17) A d— (463 96)( Ad)?

GSeg , = (14774+41)4(442451) Ad—(239436)( Ad)?

IVD% GP, , = (13536+£13)+(524:£42) Ad—(2041+49)( A d)?

GSg 5, = (1209438)4(5424+30) Ad—(231+37)(Ad)2

\' I%GP,‘ . = (1442418) 4 (497436) Ad—(3174+32)( A d)?

GSs  ,, = (1516-£44)4(474435) Ad—(369-L48)( Ad)2

VD, VI%(}P4 = (1337-£8)+(596£49) Ad— (2924 61)( Ad)2
GSs ,, = (1315418)+(572£23) Ad—(306+24)(Ad)?
where
8= 1=1); § = Ko X, = N

DiscussioN

Cell| Nucleus—The values of 4 in I and ID for GP, and GSg are sys-
tematically smaller than in IV and IVD. Thus in both the cases when RNA or
DNA was incorporated into the medium it appears that the ratio cellnucleus
increased more than when they were not incorporated into the media. I and
ID were expected to be replicas of each other, but it appears that they were
not. The reason for this, perhaps, lies in the fact that the conditions under
which the cultures grew were not consistent. However, this point cannot be
pursued any further because we had the preserved material at our disposal.
Further, the values of 4 for GP4 are usually greater than those for GS, except
in'one case. The values of B for GP, are systematically smaller than the
values of B for GS, except in one case, i.e. IVD. This tells us that the ratio
cell/nucleus for the gall plant increased less rapidly than the normal. In
case when DNA was incorporated in the media in IVD, perhaps the cells
started dividing earlier than they actually increased in size. The values of C
are negative and so irregular that no trend can be established except that
the curvature is towards the axis of x.

Nucleus| Nucleoli—The values of 4 for GP, are greater than those for
G8, for all except in one case, i.e. V. The values of 4 and B for all the
materials of the gall are very close to the normal. Thus we conclude that the
ratios of nucleus to nucleoli do not show significant differences in growth
patterns in normal and gall tissues. The values of C though negative are
very irregular and no trend can be established.

CoNOLUSION

The values of B in cell/nucleus is greater than for nucleus/nucleoli. There-
fore, we conclude that when RNA or DNA is incorporated in the medium the
growth in terms of cell/nucleus takes over the ones in terms of nucleus/nucleoli.
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The details of the values of A, B, C are given in the appendix for fast,
medium fast and slow-growing materials.
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APPENDIX I

Values of A, B and C for fast, medium fast and slow-growing materials
cell[nucleus unit 0-0001

Materials A B C
I GPy—21 15465+ 703 8365+ 935 70311641
-8 15934+ 652 7405+ 69 —2531+312
-32 19641+1587 67861443 —4215+1329
1 GSg—24 16381 + 506 83401388 939116
—81 14646 542 9136193 545+121
—18 15603+ 36 9471+ 295 754t5
ID GPy-21 17318 £29 94001839 —3996 + 869
—8 15977113 9798+ 227 —394%213
—32 18807 + 838 9069+ 1319 — 33441+ 463
ID GSg—24 19247 355 99811 761 —46541+1117
—81 19918 £ 10 11232+ 765 —67991776
—18 16808 +232 8680+ 1527 —13591+1758
IV  GPs—21 21208 + 624 40701792 —2394 1+ 2417
—8 19273+ 668 5257149 —24001619
~-32 2624211004 6202 £ 1000 — 737712005
v GSg—24 204801106 66425 —9650+101
—81 202951 59 859211239 —817611300
—18 20136 £ 2007 4387+ 1117 —11521+3125
IVD GPys—21 19634+ 51 5681579 —845+ 527
-8 18590139 66751640 —4146* 789
—32 204221936 420911057 —21951+1208
IVD GSg—24 20536 £ 825 51791+ 449 —5160+1273
—81 19913+ 254 58061125 —68181+129

—18 17062+ 267 581211269 —2172+1537
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ArpENDIX 1T

Values of A, B and O for fast, medium fast and slow-growing materials

nucleus|nucleoli unit 0-0001

Materials A B c
I GPy—21 15945 % 20 47691468 —42991442
—8 16763+ 165 42651139 —3533126
—32 15256 £ 345 4452+117 —33481 229
I GSg—24 15842 + 66 48391366 —28711433
-81 16338+ 3 4986192 — 5808195
—18 15015+ 586 467711187 — 28481534
1D GP,—21 11638 504 5572130 — 38631473
—8 125221485 4766+ 2 — 12481483
—32 132551 568 396911012 — 36521440
ID GS;—24 120701243 5611+417 —23511173
—81 131641383 37301718 —-1435+300
—18 12186+440 54141232 —16721 89
v GP,—21 1872211677 48111956 — 67281751
—8 14361 259 5477+143 —22321116
—32 147001 1264 543211452 —49471188
v GS;—24 15798619 48941217 — 32991402
—81 14413+ 281 3145775 — 15141494
—18 14108 + 547 5246531 —2365117
IVD GPy,—21 132971164 47691205 —3078 £ 41
-8 13908+ 288 46791 342 —2242 1631
- 32 13501% 627 62911122 —801 + 748
IVD GSg—24 12384 +289 46691 526 —1377 £ 351
- 81 11224+ 455 5506 L 50 —2326 £ 405
—18 126771 566 6094+ 7 — 32381558
\% GPy—21 142481107 45071 164 —2838 272
—8 141531284 5884+ 548 —3984 + 264
—32 148751 203 4539+ 489 —2701 £ 286
A% GS;—24 157731365 56211670 —5291 £ 306
—81 14059t 527 4150t 361 —4125 1+ 167
—18 15676 963 44721260 —1676 £ 1221
VD, VI GP4—21 135701121 5529149 —2861+72
—8 132891 264 5212+ 455 —14751 774
—32 13250+ 39 7247+ 876 —44411915
VD, VI GS;—24 13111+23 5796 281 — 3086 £ 258
—81 13616146 5125+ 359 — 2467+ 313
—18 12722+ 11 6239+ 363 - 36501351




