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In the present paper the following conclusions have been arrived at: (i) The
growth of six single cell clones in terms of cell/nucleus/nuclecli multipli-
cation appears to be more when RNA is incorporated in the medium than
when DNA ig incorporated in the medium. (ii) The logarithms to the base
ten of the cumulative cell counts, nucleus counts and nucleoli counts can be

fairly represented by log;y Ng¢ = A-{-B(d—?d)-{-C’(zL—E)? (iii) The values
of C are so irregular that no trend can be established.

INTrRODUCTION

Studies from various standpoints of the Phylloxera gall and normal
grape stem single cell clones in tissue culture have been made by Arya
(1964), and Arya ef al. (1962a, b, ¢). In the present paper we have studied
the effects of incorporating nucleic acids (RNA and DNA) in the media on
the cell size, nucleus size, nucleoli size, the cell counts, number of nucleus
per cell, number of nucleoli per nucleus and their correlations, if any, in the
growth of six single cell clones. This study will enable us to examine more
closely the partly qualitative findings of Arya (1963) and his claim that the
growth is correlated with the nucleic acid content.

MATERIAL AND MErTHODS

Six single cell clones, three from gall tissue incited by Phyllozera vastatriz
Planch (GP,—21, 8, 32) and three from normal grape stem tissue (GSg—24,
81, 18) arranged in accordance to fast, medium fast and slow-growing charac-
teristics, have been 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 6-0z prescription bottles on 40 ml of
modified White’s basal mineral salt agar medium supplemented with pan-
creatic casein digest (3-0 g/l), sucrose (2-5%,), calcium pantothenate (2-5 mg/l),
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NAA (1-0 mg/l), i-inositol (300-0 mg/l) and the content of RNA and DNA
in the medium was as given in Table T.

TAﬁLE I

Material Content of RNA in Material Content of DNA in

Code the growing media Code the growing media
I 0-0 mg/l 1D 0-0 mg/1
v 40-0 ,, IVD 40.0 ,,
v 400-0 ,, VD 400-0 ,,
VI 4000-0 ,, VID 4000-0

L1}

The media were adjusted to pH 5-9 to 6-0 after the addition of nucleic
acids and then they were autoclaved. The cultures were grown in dark
at 26°+2 °C and 55 per cent relative humidity. The harvests were made
after 10, 20, 30 and 40 days. The material was fixed in acetoalcohol (absolute
alcohol and glacial acetic acid in the ratio 1 :1) and the fixed material was
brought by Arya from Wisconsin, U.S.A. Five mg of this material was
washed in distilled water and immersed in nearly 5 ml of an acid solution (5 per
cent of chromic acid and 3 per cent of 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. The tissue was shaken vigorously
for 5 minutes and repeatedly passed through a 10 ml syringe till the suspension
appeared homogeneous. 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 chromic-hydrochloric acid. The cells so
obtained were stained with 1 per cent aqueous solution of crystal violet and
acetocarmine. The stained cell suspension was made in distilled water and
a drop of this was taken out by a 10 ml pipette. Microculture technique
(Jones et al. 1960) was used for making stained cell preparations.

For studying each material three microculture chamber slides were
prepared. Three different counts were obtained from each slide, using three
equal calibrated areas. Thus each preserved material yielded nine obser-
vations 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 quantitatively each material yielded 108 observations.
In case the cell boundaries were not well defined the slide was rejected and
a new slide was prepared to get nine observations for all counts. But when
a newly prepared slide did not show any improvement, the mean of all
the observations was considered as the cell counts. This was done for four

vD Iv VI
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materials, viz. GP, —21 10 GP,—32 0 GSg —24 10 and GS; —81 70
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OBSERVATIONS

The cumulative cell, nucleus and nucleoli counts were made after a
growth period of less than or equal to 10, 20, 30 and 40 days. For some of
them the logarithms to the base ten of these cumulative counts were plotted
on a graph paper against the number of days for which the material was grown.
The logarithms to the base ten of these cumulative counts are found to be fairly
parabolic with the concave side towards the axis of x and therefore the
following empirical curve

logio Ng = A+B(d—d)+0(d—d)2

was fitted, where Ny is the average number of cells counted for a growth
period of less than or equal to 10, 20, 30 and 40. Twenty-five days was
considered to be the unit of days and d the number of days expressed as a
- multiple of 25 days as unit. A least squares solution was carried out to obtain
the values of the constants A, B and C. The mean of these values for I, IV,
V and ID, 1IVD, VD, VID was taken. The errors are probable errors from
the mean. The equations of the curves appear to be as shown in Tables IT

and III.

TasLe IT
Unit 0-001
LIV,V

GPy—21 log1oNag = (2558+143)4- (5201 55)Ad— (408 19)( Ad)2

GPy—8 ' = (2703t 88)(467+45)Ad—(346+106)(Ad)2

GP,—32 " = (2233t 53)4-(5261+46)Ad—(231193)(Ad)2
Cell

GSg—24 . = (2095 94)4 (465+23)Ad—(213148)(Ad)?

GSg—81 ' = (22471117)4 (431 £ 58) Ad— (3161 51)( Ad)?

GSg—18 ' = (2516 79)-(4931+84)Ad—(364192)(Ad)?

GP,—21 logyoNg = (1435% 38)4-(515140)Ad— (204 +48)(Ad)?

GP,—8 . = (1474t 95)4- (5421 35)Ad— (214 £ 52)(Ad)2

GPy—32 ' = (14421 32)4 (6031 63)Ad— (1921 28)(Ad)2
Nucleus

GSg—24 ’s = (1435% 44)--(546129)Ad—(388130)(Ad)?

GSg—81 - = (1454t 384)-}(537%52)Ad—(308148)(Ad)2

GSg—18 o = (14011 46)4-(565153)Ad— (2981 50)(Ad)?

GPg—21 log,Ng = (1610 49)4-(540137)Ad—(274124)(Ad)2

GPy—8 . = (15341 146) - (614t 25)Ad—(224:!:35)(Ad)2

GPy—32 ' = (1440t 47)4-(5701+52)Ad—(161145)(Ad)?
Nucleoli

GSg—24 . = (16001 28)- (5461 53)Ad—(297+20)(Ad)2

GSg—81 T = (15611 48)4(528+48)Ad— (304 £28)(Ad)2

GBz—18 v = (1464 1+ 64)-(547+27)Ad—(330132)(Ad)2

where Ad = (d—d)
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Tanre ITI

ID, IVD, VD, VID

GPys—21 log1oNg = (2721+ 77)+ (426 £ 30) Ad— (251 £19)(Ad)2
GPy,—8 v = (25041 40)4(320%£63)Ad—(131168)(Ad)2
Coll GP,—32 . = (2414% 53)+ (4251 61)Ad—(169T62)(Ad)?
)
GSg—24 ’s = (2405% 187)+ (4641 32)Ad — (184t 51)(Ad)2
GSg—81 » = (2466 66)+ (458 +39)Ad—(299+49)(Ad)2
GSg—18 s = {2497+ 54)+(477x60)Ad— (3921 52)(Ad)?
GPy—21 loggNag = (1562 % 71)4-(459%26) Ad— (435129)(Ad)2
GP,—8 . = (15671 33)+(465+39)Ad—(276163)(Ad)2
GPy—32 ' = (1541t 81)4(423+54)Ad (4631 27)(Ad)2
Nucleus
GSg—24 ' = (1553% 78)4-(489+17)Ad—(292137)(Ad)®
GSg—81 ' = (1551 46)+(479%37)Ad—(244T41)(Ad)2
GSg—18 v = (1555% 55)+ (454X 43)Ad— (495 16)(Ad)2
GP,—21 log1oVe = (15761 41)+ (469X 31)Ad— (3201 74)(Ad)2
GPy—8 " = {1598+ 45)4-(429131)Ad—(224+28)( Ad)?
GP,—32 v = (1541% 81)4 (4621 32)Ad — (2891 75)(Ad)2
Nucleoli )
GS¢—24 . = {1593+ 71)3(479120)Ad—(2931+39)(Ad)?
GSg—81 . = (15991 45)4 (446 £ 22)Ad— (2621 22)(Ad)2
GSg—18 ' = (1570% 44)+ (459 £35)Ad— (3481 22)(Ad)?

The ratios of mean cell size to mean nucleus size and mean nucleus size
to mean nucleoli size were obtained. These ratios were deduced (to each)
for medium-fast growing material for GP, and GSg by taking the mean for
fast, medium-fast and slow-growing material. The ratio between GSg/GP,
was determined from the data thus obtained. These values have been tabu-
lIated in Table IV below. The errors are probable errors from the mean.

It is very interesting to note that the empirical relation for these ratios
can be tentatively written down as (GSg/GP, Nu/Ni of I and IV) = (GS;/GP,
Cell/Nu of ID and IVD).

DiscussioN

Cell, nucleus, nucleoli multiplication.—The values of 4 will of course
depend on the number of cells/nucleus/nucleoli. The values of B when RNA
was incorporated in the medium are systematically greater than the values
of B when DNA was incorporated in the medium which shows that the growth
in terms of cell/nucleus/nucleoli multiplication is more in RNA than in DNA,
The values of ¢ are so irregular that no trend can be established.

Cell—The values of B for medium fast-growing gall GP,—8 and normal
grape stem GSg—81 are the smallest amongst other values when RNA or
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TasLE IV
Material G83/GP4 Nu/Ni GS4/GP4 Cell/Nu
I/10 0-907 £ 0-03654 0-687%0-156390
1/20 1:018%0-03050 0-505 +0-26383
1/30 0-966 £ 0-00695 0-765+0:10679
1/40 0-966+0-00091 1-810+0-52439
ID/10 1-02310-02416 0-84010-34277
ID/20 0-959+0-06282 1-251+0-09453
Ratios ID/30 1:075+0-00725 2-19510-43488
ID/40 1-195+0-07973 1-344+0-03835
IV/10 1-199+0-10129 0-655+0-03322
IV/20 0:85510-02132 0-858+0:20445
IV/30 1-87110-05756 0-918+0-40921
IV/40 0-949+0-02253 0-86010-20808
IVD/10 0-6721+0-01903 0-757%0-05237
IVD/20 0-925 1 0-08305 1-04910-12400
IVD/30 0-566 £ 0-03171 1-014 +0-10286
IVD/40 0-651+0-13379 0-5355+0-17437
1 0-96751+0-01873 0-9418+0-26221
Mean value ID 1-0630%0-04348 14075+ 0-22763
v 1-:19351 0-05067 0-8227+0-21374
IVD 0-70351 0:06690 0-843710:11340
Mean values of
the materials I and IV 1-0805+0-03470 0-882210-23797
treated with ID and IVD 0-8832+0-05519 11256+ 0-17051

RNA and DNA

DNA was incorporated in the medium. The obvious coneclusion therefore
is that the fast- and slow-growing GP, —21, GP,—32 and GS;—24, GS; —18
have more growth in terms of cell multiplication when either treated with
RNA or DNA than their counterpart medium-fast growing GP,—21 and
GS4—81.

Nucleus.—The values of B show gradual increase in GP, and GSg with
the only exception of GSg—81 when RNA is incorporated. But when DNA
is incorporated in the medium the growth gradually increases as we pass
from GP,—21 to GP,—8 and then decreases from GP,—8 to GP,—32.
Whereas in GSg there is a gradual decrease as we go from GSg; —24 to GSg—18.

Nucleoli—The values of B are smallest for GP,—8, GS; —81. Therefore,
we conclnde that nucleoli multiplication is identical with cell multiplication.

However, the claim made by Arya (1963) that the growth is correlated
with the nucleic acid content by the method of wet and dry weights cannot
be fully verified in terms of the cell, nucleus and nucleoli multiplication,



GROWTH PATTERNS OF PHYLLOXERA GALL 85

This point in detail is being considered in terms of the cell, nucleus and nueleoli
sizes and will be presented in the second part of the paper.
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