
Plant Physiol. (1966) 41, 553-556

RNA Composition in Cotton1
Frank R. H. Katterman2 and David R. Ergle
Crops Research Division, Agricultural Research Service,
USDA and Texas A and M University, College Station

Received September 7, 1965.

Suimmary. Nucleotide compositions of soluble (sRNA), whole-cell, and in one
instance particulate and nonparticulate, RNA of embryos, cotyledons (dark and light-
grown), leaves, stems, ancd roots of Gossypium hirsuttum were compared. Evidence of
substantial differences in the overall compositions of the RNAs was not obtained. How-
ever, a tendency for some plant parts to differ, particularly in sRNA composition, and
that of the cotyledons (including particulate and nonparticulate RNA) to change durinlg
the formation of chlorophyll, was indicated by small but statistically significant shifts
in certain nucleotide components.

Available data (4. 7, 8) show that the nucleotide
composition of whole-cell RNAs from higher plants
tend to be similar. Differences noted have generally
been small, -even between plants of widely different
systematic position and origin, anid they have been
considered to be insignificant. In contrast, recent
evidence suggests that the composition of soluble RNA
may differ in the embryos of somiie species of Gos-
sy pinlmt (4) and may change in mimiiosa epicotyls
(3) with change of growth rate.

Except for the studx- on miiimosa, little or no atten-
tionl has beeni giveni to the quiestioni of possible effects
of inherent and developmenital physiological (liffer-
enices on the RNA compositioni of higlher plants. For
example, is the RNA nucleotide com11position of the
seed the same as that of the greeni leaf. anid does the
compositioni of the latter differ fromii onle w-ithotit
chloroplasts ?

In this paper we have attemiipted to develop inifor-
mationi on these questions by reporting data oni the
RNA comllposition, whole-cell and soluble alonle in
various parts of the cotton planit inicludinig cotxledons
from light and dark-growni seedlings. The latter
was of special interest because studies oni Euglena
gracilis (6) suggest that specific RNA species are
produced during chloroplastic development.

Materials and Methods

Plant Material. Cottoin seed (Gossvsp!innii hlir-
smtitiui L.. var. Paymaster 54B) was germinated ancd

Abbreviations include: A, adenylic acid; C, cytidylic
acid; G, guanylic acid; U, uridylic acid; 6-AM, nucleo-
tides (A,C) with an amino group in 6 position; 6-K,
nucleotides (G,U) with a keto group in 6 position.
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grown in washed river sand (copiously watered with
Hoagland's solution) in the greenhouse at 300 for
14 days. Germination and growth of the dark-grown
seedlings were carried out under similar culttural con-
ditions except that all light was omitted. Stems (top
D cIml of main stalk), young leaves (one-fourth ex-
panded), mature leaves, and fibrous roots were har-
vested from plants grown in the greenhouse in the
same solution, but aerated, in 20-liter stone jars.
The root samples were from 65-day-old plants.
RNA Preparation anid NVitcleotide Analysis. Pro-

cedures for the preparation, hydrolysis, nucleotide
separation, and analysis of whole-cell and(l soluble
RNA have been described (4. 5). The soluble RNA
of light (green) aind dark (etiolated) growni cotyle-
dons was obtained A) as a purified isolate fromli
phenol-extracted defatted tissue (sRNA), as were the
other sRNAs and B) as total RNA in the super-
natant (100,000 X g) fromi imiacerated fresh tissue.
The latter is known to containi some high molecular
weight RNA in addition to sRNA (1). Pseudouri-
dylic acid (PsU). a characteristic minor nucleoti(le
of sRNA, though not determined as such, w-as in-
elutded in the uridvlic acid values.

Results and Discussion

Greenl antd Etiolated Cotyledonts. The nucleotide
compositions of whole-cell, supernatant material, and
sRNA are given in table I. In order to bring out
certain trends and differences not apparent in the
over-all compositions. the 6 possible ratio values of
the nucleotides were analyzed statistically and the
results are given in table II. In whole-cell RNA.
only those ratios containing uridylic acid showed a
consistent difference between green and etiolated
cotyledons, A/U and C/U being significantly higher
(P>.005) in the latter. In the supernatant RNA
the consistent differences (P>0.0l) were in the
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Table I. AKncleotide Comjipositions of WUhole-Cell, Snpernatant and sRNA-4
froml. Green and Etiolated Cotyledons

DJata in m.oles per 100 moles nucleoti(le. They represenit the meanl of 3 preparations of 2 analyses each.

Green Etiolated
Fractioni A C G 1U 6-AXM/6-K A C G U 6-AM/6-K

Whole-cell 24.2 24.7 30.6 20.6 0.96 24.3 25.3 31.0 19.2 0.99
Supernatant 21.1 28.4 29.6 20.9 0.98 19.5 27.6 34.2 18.6 0.89
sRNA 21.8 27.4 31.6 19.1 0.97 20.3 28.9 31.8 19.1 0.97

Table II. ANnclecotide Ratios of UH1 iolc-Cell. Supernalfant, (11(1 s.\s.RA
from Grecn) and Etiolaled Cotyledons

Green Etiolated
Uraction A/U C/A GVA C U G/C G/U A/U CA\ (;'/A CUL G/C U/u

W hole-cell 1.17 1.02 1.27 1.20 1.24 1.49 1.27* 1.04 1.27 1.32* 1.22 1.61
Supernatant 1.01 1.34 1.40 1.36 1.04 1.42 1.05 1.41 1.75* 1.48 1.24** 1.83*c
sRNA 1.14 1.26 1.45 1.43 1.15 1.65 1.06* 1.43** 1.57 1.52 1.10 1.67

P >0.05.
*:* p >0.01.

Table III. Nutcleotide Comiipositioni of RNVA fromit Whole-Cell anid Subcelnlar Fractions
of Greent anid Etiolated Cotvledonis

Data in moles per 100 moles nucleotide. They represent the nmean of 3 preparations of 2 analyses each.

G Uf 6-AMI/6-K

30.5
30.2
29.7
30.2
30.6

20.6
19.8
20.4
20.5
20.6

0.96
1.00
1.00
0.97
0.96

Etiolatedl
A C G

24.3 25.6
24.7 25.4
25.1 25.4
25.1 25.3
24.3 25.3

30.8
30.5
30.0
29.7
31.0

U 6-AI/6-K

19.4
19.4
19.4
19.8
19.2

0.94
1.00
1.02
1.02
0.99

gtianvlic acid containinlg ratios (G/A,G/C,G/U).
WN'ith sRNA, even though 2 of the nucleotide ratios
(A/U,C/ ) differedl significantly in the 2 tissues,
there was not the consistenicy exhibited by whole-cell
anid supernatant RNA. Therefore, since neither su-

perniatant nor sRNA nucleotide ratio-changes followed
the samle pattern as whliole-cell RNA. the involvement
of oinly particulate RNA was impliedl.

In order to determine which of the particulate
RNAs wvere responsible for the forementioned changes
in whole-cell RNA, green and etiolated cotyledons
were fractionated inito nuclei, plastids, mitochondria,
miicrosomiies (5), and their niucleotide compositions
comipared. The results (table III) showed that A)
the RNA comiipositioin of each particulate was quite
similar to that of the corresponding whole-cell and
B) only the nucleotide ratios conitaining uridylic acid
(A/U,C/U,G/U) inidicated any difference between
the particulate RNA of green and etiolated cotyle-
donls (table IV). In each of the particulates, as in
w-hole-cell RNA (table II), the 3 ratio values were

significanftly higher in the etiolated cotyledons.
Returning to table I, it will be noted that all of

the amino-keto ratios are near unity, except that all of
the etiolated superniatanl:t w-hich has an unusually high

guanylic acid contenit. Generally. a poor ratio of

either supernatant or sRNA-; indicates the presence
of minor nucleotides (6) which can usually be re-

solved with multiple developmenlt in the first (linzlell-
sioIn of a 2-dimensional chromatogram (1). Thfllis
technique neither improved the ratio nor indicated
the presence of any additional minor nucleotides.
Thus, the supernatant RNA of the etiolated cotyle-
dons appeared to contain a colmiponenit, possibly a

g,uanine-rich polynucleotide, not present in that of the
green cotyledons.
RNA Comnposition of Plant Parts. The nitcleo-

tide composition of the RNA of whole-cell and sRNA
is given in table V. The failure to include sRNA
data on the stems and miiature leaves is that the prep-
arations from these parts were analytically unsatis-
facitory (6-AM/6-K too far from unity).
Although the over-all compositionl of whole-cell

RNA appears to be mutch the same throughout, sta-
tistical analysis of the 6 possible niicleotide ratios
inldicated 0.01 significance for C/A. Separation of
the means, by Duncan's multiple range test (table
VI), showed that the C/A values of stems and roots,
as a group, differed significantly from those of the
remaining parts and tissues. In the latter, the suc-

Green
A CFraction

Nuclei
Plastids
NIitochondria
Nilicrosomes
\h'llole-cell

24.3
25.0
24.6
24.4
24.2

24.6
25.0
25.3
24.8
24.7
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Table IV. Antalysis of Variantce of Uracil Ratios
int Particulate RNA fron Greent

and Etiolated Cotvledonis

Ratios Source Variance

C/U Green vs etiolated 0.0379*
A/U Green vs etiolated 0.0155*
G/U Green vs etiolated 0.0600*
* p > 0.01.

cessive ratio decreases in embryos, cotyledons, yourng
and mature leaves were not all significant, as between
A) cotyledons and young leaves and B) young and
mature leaves. However, it is of some interest that
the decrements in C/A values correlate partially with
chronological sequences in leaf development and
growth and may signify a small change in RNA
composition during leaf development.

In the plant part sRNAs (table V), successive de-
creases in adenylic acid, with corresponding increases
in cytidylic acid contents, were found in embryos,

cotyledons, and young leaves. The nucleotide ratios
involved in these changes are summarized in figure
1. As shown both A/U and G/C approached unity
while C/A increased from embryos to young leaves.
Excepting G/U, the changes depicted by the graph
for the other ratios were significant (table VII).
Inasmuch as G/U did not change significantly, the
C/A value tends to be an enhanced reflection of the
changes in A/U and G/C.

Table VI. Separationt of C/A Ratio M1eans of Whole-
Cell RNTA froml Each Plant Part by Dincan's

Multiple Range Test

Tissues C/A Ratios

Stems 1.13 a
Fibrous roots 1.10 a** b*
Embryos 1.06 c
Cotyledons 1.03 c* d
Young leaves 1.02 d* e
Mature leaves 0.99 e f

* p >0.05.
p >0.01.

1.60

1.50

1.40

LaJ

-J

.301

1.20-

. 0 _

I1.00-

0..v0
EMBRYOS COTYLEDONS YOUNG LEAVES

FIG. 1. Differences in sRNA composition of cotton
embryos, cotyledons, and young leaves as indicated by
nucleotide ratios. A, adenylic acid; C, cytidylic acid; G,
guanylic acid; U, uridylic acid.

Table VII. Analysis of Variance of Nucleotide Ratios
in sRNA frotn Embryos, Cotyledons, and Leaves

Ratios Source Variance

A/U
G/C
C/A
G/U

Tissues

Tissues

Tissues
Tissues

0.0580*
0.0520**
0.1624**
0.0224

* p > 0.05.
p >0.01.

Another aspect of sRNA composition, to which
some attention was given, concerned -the identity of
the minor nucleotides, a characteristic part of all
,sRNAs. Two-dimensional chromatography of the
hydrolyzed sRNAs (5) effected separation of the
major nucleotides from several minor ones. Chro-
matograms of cotton root sRNA (fig 2), for exam-
ple, showed the usual 4 major nucleotides (A, C. G,
U) and pseudouridylic acid (PsU) plus 6 additional
small spots (0.2-0.8 moles per 100 moles nucleotide).

Table V. WVhole-Cell and sRNA Comiipositioni of Parts of the Cottonl Plant
Data in moles per 100 moles nucleotide

Whole-cell RNA* sRNA**
Plant parts A C G U 6-AM/6-K A C G U 6-AM/6-K

Embryos 24.0 25.5 30.2 20.3 0.98 23.0 26.3 30.5 20.2 0.97
Cotyledons 24.1 24.8 30.6 20.5 0.96 22.1 27.3 30.6 20.0 0.98
Stems 23.4 26.5 29.2 20.9 1.00 ... ... ... ... ...

Young leaves 24.5 24.9 29.0 21.5 0.98 21.4 28.0 29.9 20.6 0.98
Mature leaves 24.7 24.5 30.9 19.9 o.97 ... ... ... ... ...
Fibrous roots 23.7 25.9 30.9 19.5 0.98 21.6 28.3 29.3 20.8 1.00

* Mean of four preparations.
** Mean of 11, 9, 12, and 2 preparations from embryos, cotyledons, young leaves, and roots, respectively.
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T'hree of these, 2, 3, and 6, were tentatively identified
as 1-methylguanylic acid, 2-methyladenylic acid, and
ribose thymidylic acid (5). Of the 3 remaining un-
identified spots, number I is thought to be diphospho-
gianosine. Similar chromiiatography of embryo,
cotyle(loniary, and younig leaf sRNA, however, con-
sistenltly showed only 2 of the 6 spots that were
found in root sRNA. These were quite small (0.09-
0.2 moles per 100 moles nucleotide) and coincided
with spots 1 (diphosplhoguanosine) aintl 3 (unidenti-
fied component) of figure 2.

ROOTS

0

I

z

II
0

z

9
0

0
(I)

PsU

OR I(GIGN ISOBUTYRIC ACID- NHdOH

FIG. 2. sRNA roots: 2-dimensional chromatogram
of an alkaline hydrolysate. A, adenylic acid; C, cytidylic
acid; G, guanylic acid; U, uridylic acid; PsU, pseuidouri-
dylic acid; 1, diphosphoguanylic acid; 2, 1-methyl-
guanylic acid; 3, 5, unidentified components; 4,2-methyl-
a(lenylic acid; 6, ribose thymidylic acid.

\Whether the sRNAs of this study possessed amino
acid transfer activity was not determined so other
characteristics were considered. The nlucleotide
coml)ositions of tranisfer RNAs fromii a variety of
souirces (mo..tly animal and microorganisms) are A)
high in guanylic and cyti(lylic acids and(i include sev-

eral mlinor ntucleotidles (pseudouridylic acid and(

iethylated bases). ) hav e a secoindary or helical
strtictulre as shown by near uinity relationship for
A/LT an(l GIC and C) show (I narrow% range (0.6-

((.7) for A -- PsU - C (2). Of the cot-
ton sRN.\ isolates. only that from thie roots, with its
relataivel\ large complemient of nliinoto nut1cleotides,
seenied to have all of the foregoinig prop)elrties. 'fle
sRNA of embryos anid cotyledons, \hile coontaining
pseudouridylic acidl and( a 0./ A + U t- PsU/G + C
value, had a higher than unity value for A/U and
G/C andfl each appeared deficient in imiethylated bases;
leaf sRNA\ al)peared deficienit in only the latter.

\\hile most of the active preparations of sRNAs
froml different sources have shown similarity in
nuticleotide compositioni, it is recognized that prep-
arations by the comnmonly used phenol-extraction pro-
cedure may also conitaini other comlpoents without
transfer activity (2). Among these are small
amounts of miesseniger, degraded ribosomal. and low-
iolecular weight RNAs. At present we cannot say
to what extent, if any, the depicted differences in the
composition of cotton sRNA reflect RNA from these
sources.

Genierally, the results of this study show that
neither whole-cell inor sRNA aloine provides striking
evidence that the overall RNA composition in 1 part
or organ of the cottoin plant differs substantially
from that of another. Neither does chlorophyll for-
mation, at least in cotyledonary tissue, seem to be
accompanied by any marked changes in the proplor-
tion of nucleotide components, including those of par-
ticulate and nonparticulate RNA. Nevertheless, we
are inclined to attach some significance to the small
but statistically significant shifts noted in some of
the nucleotides. These shifts, observed muore often
in sRNA than in whole-cell, could signifv the occur-
ence of pronounced change in specific types of RNA
wvhich remain largely masked due to the relatively
greater abundance of uinchanged forms.
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