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Summary. The use of the modified endosperm bioassay in conjunction with
techniques for extracting and paper chromatographing extracts, and the application
of statistical analyses to the results, is reported. The modified procedure has not
altered the relative response to different gibberellins, though an analysis of many
standard curves indicates that at least 1 feature of the bioassay system is still
uncontrolled. A comparison of this bioassay with 15 others indicates that the endo-
sperm response may have wide applicability in explorations of the physiological

effects of gibberellins.

In the previous paper of this series (5) many
conditions affecting the gibberellin-induced reduc-
ing sugar release of barley endosperm were ex-
amined, and a basic bioassay procedure was outlined.
Since, however, the usefulness of a bioassay is
determined in large part by its adaptability, the
applicability of the procedure when used in con-
junction with various methodological and statistical
techniques has been investigated.

Methods

All methods, except as stated, were those in-
dicated previously (5). All water was distilled,
autoclaved and dispensed with automatic syringe
pipettes.

Adaptions and Results

Paper Chromatography. The results obtained
by direct bioassay of paper chromatograms con-
taining either 108 g GA, or an extract of grape
pericarp are illustrated in figure 1.

Ovaries of the cultivar Doradillo, taken at
anthesis, were lyophilized, separated from pollen
and anthers, and the seeds dissected out to leave
only pericarp tissue. Of this tissue, 36 mg, rep-
resenting 52 berries, was extracted with 10 ml
ethyl acetate for 8 hours, filtered, and re-extracted
with 5 ml ethyl acetate for 16 hours. The combined
extracts were divided into 6 equal parts, evaporated
under reduced pressure, and spotted on 25 mm wide

1 Present address: Biology Department, Carleton Uni-
versity, Ottawa, Canada.
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strips of Whatman No. 1 paper (spot = 7 X
14 mm).

The chromatograms were equilibrated over the
solvent (809, isopropyl alcohol) for 12 hours
and developed (ascending) for 19 cm. The de-
veloped and dried chromatograms were cut into
15 12.6 mm pieces which were placed directly
into vials with 1 ml water and 2 endosperm.
Incubation and sugar analysis were carried out in
the normal way. The results (fig 1) indicate
that the bioassay is capable of detecting gibberellins
and gibberellin-like substances separated in this
way, without any requirement for elution of the
active substances from the paper.

The GA, spot on the chromatogram was local-
ised at Ry 0.4 to 0.6, and the other areas of the
chromatogram produced a relatively low and uni-
form response. However, because each value was
only a single observation, it was not possible to
demonstrate that the amounts of sugar released in
the vials assaying Ry segments 0.4 to 0.6 of the
GA, chromatogram were significantly different
from those in vials assaying the other chromato-
gram areas. On a qualitative basis, the results are
clearly indicative and meaningful, and preliminary
techniques for overcoming the difficulties of adapt-
ing a statistical approach to chromatographic re-
sults are explored below. :

Statistical Procedures. The ability to handle
large numbers of treatments with this bioassay
makes it possible to meet the statistical requirements
for good bioassay procedure. Two aspects of sta-
tistical procedure will be discussed here:

A) Quantitative Determination of Promotive
Activity in an Extract. Procedures for this are
well established and are described by Bliss (2).
To determine relative potency (i.e. activity) of
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Fi6. 1. Assay tubes and histograms of sugar release values obtained from scgments of paper chromatograms of

10°% GA, and grape pericarp extract. (No significant
gram of extract tested in the hioassay without endosperm.)

an unknown in comparison with a standard, repli-
cates of each should be tested at 2 or more dosage
levels within the linear part of the dosage-response
curve. From this, slopes of the responses to known
amounts of standards and unknowns, mean re-
sponses, and experimental crrors, can be calculated.
Tf 3 or more dosages are compared, the significance
of curvature of the dilution curves, if any, can be
tested. Usually preliminary tests are required to
ensure that the dosage levels are within the linear
part of the dosage-response curve. No estimate
of extract activity can ~validly he made if the

amount of reducing sugar was found on control chromato-

response falls outside the fitted range of the re-
gression line calculated for the standard curve.
The Biometry Section of the \Waite Institute has
prepared a computer programme which incor-
porates equations 23a and 32 of Bliss and provides
for the following: mean dose, mean response,
slope, standard error of slope and residual mean
square of both the standard and unknown, the
log ratio of potency and its standard error and
confidence limits, and the combined slope and its
variance ratio.

Frequently, in plant hormone bioassays, the
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activity of an extract is tested at only 1 concen-
tration level in comparison with dilutions of a
standard. The comparison may even be made
mathematically, by regression analysis (e.g. equa-
tions 23 and 32 of Bliss) or analysis of variance,
or by interpolation on a graph drawn with a
straight line between points or with a smoothed
(or fitted) curve. This practice has serious short-
comings in spite of the use of statistics since, with
only a single concentration of the unknown, there is
no way to determine whether the activity observed
is in the ascending or descending part of the re-
sponse curve, or, in fact, is due to a compound in
any way similar to the standard. The problem
is still more acute when a bioassay of unknown
or low specificity is used. FEven if several levels
of the unknown are compared it is not meaningful
to measure potency if the slope differs significantly
from that of the standard. (As an expedient under
these circumstances, some arbitrary measure, such
as the dose giving mid-response, can be used for
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Fic. 2. Histograms of sugar release values obtained
from segments of paper chromatograms of control and
10°8g GA, run (ascending) after 1 hr equilibration over
solvent (isopropanol :water — 4:1). Soli1l horizontai
line is mean endosperm response to segments of control
chromatogram. Dotted horizontal lines are 5 ¢, confi-
dence limits calculated from the control chromatogram.
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analysis.) In this bioassay the slopes obtained with
known gibberellins appear to be comparable (13;:
fig 4), but non-parallelism can result if inhibitors
and other interfering substances are present. Puri-
fication procedures should be used to overcome
this problem.

B) Statistics of Chromatograms. Chromatog-
raphy is a convenient method for separating sub-
stances, but it is difficult to assess the results
quantitatively and statistically. Usually some sub-
jective assessment has to be made to supplement
statistical methods. For instance, the histogram
in figure 1 of a paper chromatogram of gibberellic
acid shows a clear and obvious peak, yet it was
not possible to establish statistically significant
activity with only this 1 chromatogram.

If replicate chromatograms are run an analysis
of a variance can be made with Ry as a variable.

Another approach is to bioassay 1 or more blank
chromatograms spotted with the extraction solvent
and developed at the same time as the extract
chromatograms. The mean and confidence limits
of the blank can be calculated and used to estimate
which parts of the extract chromatogram have
significant activity. The results in figure 2 illus-
trate this approach: the values for the blank
chromatogram, though variable, have given a mean
and confidence limits which, when superimposed
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on the histogram of the GA; chromatogram, show
that the latter has a significant peak of activity
at Ry 0.6. Confidence in the determination of a
peak is greater if, as in this figure, 2 or more
adjoining pieces of chromatogram have significant
activity.

An estimation of the quantity present in a
peak can be made by comparing the peak response
with that of standards assayed at the same time
(the difficulties in doing this have been stressed
above). To make quantitative determinations, rep-
licate chromatograms at 2 or more dosages are
desirable, and can be obtained by separately spotting
2 dilutions of the extract or by developing 1
chromatogram, eluting pieces, and measuring 2
dilutions of the eluate. It is considerably easier
to interpret the unknowns if the standard compound
is assayed similarly.

Standard Curve. In spite of all the precautions
adopted to ensure uniformity, when the standard
curves reported in many of the experiments in this
series of papers are compared, a degree of hetero-
geneity is apparent. Thirteen such standard curves,
obtained in thirteen consecutive tests with the
same procedure are shown in figure 3. The most
variable feature of the curves, and, indeed, of the
bioassay, is the sensitivity of the endosperm to
the 2 lowest concentrations of GA,. When the
curves were analyzed statistically, evidence for 2
populations was obtained. One group of curves
showed higher average control values and greater
sensitivity to GA; than the second group. Though
the conditions (including atmospheric) were thor-
oughly examined, it has not been possible, as yet,
to relate the 2 types of responses to any particular
treatment either prior to or during the bioassay.

Activity of Other Gibberellins. In a previous
paper (15) the activity of 8 numbered gibberellins
and allogibberic acid, in the barley endosperm test,
was compared. It was of interest to determine
whether the modifications adopted in the develop-
ment of the bioassay influenced the responses in-

duced by at least some of thcse gibberellins and
figure 4 illustrates the results obtained with
GA, ;5 and g Sugar release is qualitatively al-
most identical with that reported earlier (15) with
the possibility that the endosperm were slightly
more sensitive to this sample of GA,. It can be
concluded that the bioassay procedure has not
altered, to any appreciable degree, the relative
response of the endosperm to the different gib-
berellins previously tested.

Response to Ethyl Acetate. When using ethyl
acetate to extract gibberellin-like substances from
plant tissue it was found that controls, without
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Table I. Reducing Sugar Released by Barlev Endosperm in the Presence of Residues from Ethyl Acetate

Treatment

log pg reducing sugar/vial

Ethyl acetate (ml evaporated)*
0

15
30
60
LSD. at p < 0.05
Water
Untreated ethyl acetate**
Untreated ethyl acetate shaken with sodium sulfate
Redistilled ethyl acetate
Redistilled ethyl acetate shaken with sodium sulfate
L.SD. at p < 0.05

2.396
2717
2.700
3.175
0.212
2.200
2.241
2.812
2.244
2.259
0.339

* 2 Samples assayed in triplicate.

** Duplicate 60 ml samples of ethyl acetate were evaporated, dissolved in 4 ml autoclaved distilled water, and trip-

licate 1 ml aliquots bioassayed.
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tissue, sometimes gave a significant response which
could be ascribed to neither the presence of reduc-
ing power nor tc incomplete evaporation of ethyl
acetate. This aspect was of obvious interest and
was investigated further.

Different volumes of ethyl acetate, which had
heen stored over sodium sulfate, were evaporated.
The residues were dissolved in 4 ml autoclaved,
distilled water, and 1 ml aliquots were tested in
triplicate in the bioassay. The results (table T)
showed that the residue from 60 ml had consider-
able activity (significant at p < 0.001); residues
from 30 and 15 ml had smaller, though also sig-
nificant activity.

The results in table I also demonstrated that
the response was associated with storage over
sodium sulfate. Tollowing such storage the active
agent can be removed by redistillation but in the
absence of sodium sulfate, redistillation (of fresh
cthyl acetate) is not required.

A similar effect has been reported (1) under
conditions in which ethyl acetate was shaken with
sodium bicarbonate solution. It was suggested
that, like GA,, such residues induce a-amylase
formation in the aleurone layer. Sodium acetate
was inferred as the active principle, but in tests
where sodium acetate has been included as part
of a buffer no such activity has been found (14).

These experiments confirm the report by Briggs
(3) that residues from ethyl acetate and other
organic solvents cause a reducing sugar release
from barley endosperm. The chemical basis for
the effect remains obscure but clearly it would
be of value to identify the active principle.

Comparison with Other Gibberellin Bioassays.
The conditions required for, and the relative per-
formances of, many of the gibberellin bioassays
are shown in table II. The column headed “Useful
range of sensitivity to GA," is somewhat subjective
in that the lowest value is that amount which gives
a response judged to be greater than control and
the highest value is that amount above which no
useful increase in response occurs. The range is
usually slightly greater than the linear range. All
of these responses are on a log-dosage hasis; various
methods have been used for plotting the response
data but log transformation is most common.

In 9 of the tests, sections of plants or organs
are used; in the other 7, plants which are intact,
or largely so, are treated, and the response of a
part of the plant is measured. In general, the
intact plant tests are slower and less sensitive than
the section tests. Frequently, however, only a
small volume of solution (< 0.1 ml) is required to
treat the intact plants.

The use of small volumes may be only an
apparent advantage since some of the section tests
will be able to respond strongly even after the
necessary dilution (table II). Larger (1 ml) vol-
umes have the 2 added advantages of enabling
larger amounts of compounds to be dissolved before

saturation of the solution occurs, and of ensuring
reasonably efficient elution of chromatogram sec-
tions. (In only 1 test, the dwarf pea epicotyl, has
interference due to the presence of chromatogram
sections heen reported.)

The most sensitive tests are the barley endo-
sperm, the dwarf pea epicotyl, the Rumexr leaf
disc, and the Avena fatua embryo tests. These
can measure GA, at weights less than 107 ug.
Such a level of sensitivity compares favorably with
the most sensitive auxin bioassay (the Awvena
curvature and the pea root tests) and, fortunately,
the gibberellin bioassays are considerably simpler.

It should be noted that the sensitivity ranges
quoted refer only to GA,, whereas in some hioassays
this is not the most active gibberellin. This is
particularly true with the cucumber hypocotyl bio-
assay in which GA; is nearly 1000 times more
active than GA, (8). Specificity in response to
different gibberellins is, of course, helpful in
qualitative determinations.

Most of these tests are thought to be specific
for gibberellins, at least with respect to plant
growth substances. Two notable exceptions are the
oat mesocotyl which also responds to TAA and the
dwarf bean leaf disc which responds to kinetin.
In the oat leaf base test, IAA is added to the
culture medium.

Acknowledgments

The authors would like to express their appreciation
to the members of the Biometry Section of the Waite
Agricultural Research Institute, to the Barley Improve-
ment Trust Fund and to S. Smith and Y. Manley for
their assistance.

Literature Cited

1. Annual Report Institute of Brewing.
Inst. Brewing 70: 100-16.

Buiss, C. I. 1952. The statistics of bioassay, with
special reference to the vitamins. Academic Press,
New York.

3. Brices, D. E. 1966. Residues from organic sol-
vents showing gibberellin-like biological activity.
Nature 210: 419-21.

4. CoHuex, D, J. B. Rominson, AND L. G. PALEG.
1966. Decapitated peas and diffusible gibberellins.
Australian J. Biol. Sci. 19: 535-43.

5. Coomsg, B. G., D. CoHEN, aAND L. G. PALEG. 1966.
The harley endosperm bioassay for gibberellins. 1.
Parameters of the response system. Plant Physiol.
42: 113-19.

6. Epwarps, G. R. ann O. P. Jones. 1965. The
growth of apple leaf discs. Ann. Rep. East Mal-
ling Res. Sta. for 1964, 140-42.

7. FrANKLAND, B. anNp P. F. WareinG. 1960. Effect
of gibberellic acid on hypocotyl growth of lettuce
seedlings. Nature 185: 255-56.

8. Harevy, A. H. anp H. M. CatHEY. 1960. Effects
of structure and concentration of gibberellins on
the growth of cucumber seedlings. Botan, Gaz,
122: 63-67.

1964. J.

N



10.

11.

15.

COOMBE ET AL.—BARLEY ENDOSPERM BIOASSAY FOR GIBBERELLINS. [I

Hironi, Y., Y. Ocawa, axp S. IMAMURA. 1960.
Eine neue Methode fiir Gibberellin-Test bei einem
Zwergmutauten von Pharbitis nil chois. J. Plant
Cell Physiol. 1: 81-89.

Kenpe, H. anp A. Lanc. 1964. Gibberellins and

light inhibition of stem growth in peas. Plant
Physiol. 39: 435-40.
Navror, J. M. ano G. M. Simpson. 1961. Bio-

assay of gibberellic acid using excised embryos of
Avena fatua L. Nature 192: 679-80.

NirscH, J. P. anp C. NrrscH. 1962. Activités
comparées de neuf gibbérellines sur trois tests bio-
logiques. Ann. Physiol. Végetale 4: 85-97.

Ocawa, Y. 1963. Studies on the conditions for
gibberellin assay using rice seedling. Plant Cell
Physiol. 4: 227-37.

PaLeG, L. G. 1960. Physiological effects of gib-
berellic acid. I. On carbohydrate metabolism and
amylase activity of barley endosperm. Plant
Physiol. 35: 293-99.

ParLeg, L. G., D. AspinaLr, B. G. CooMBE, AND
P. B. NicHoLLs. 1964. Physiological effects of
gibberellic acid. VI. Other gibberellins in three
test systems. Plant Physiol. 39: 286-90.

16.

18.

19.

21.

119

Puiriies, I. D. J. anp R. L. Jones. 1964. Gib-
berellin-like activity in bleeding-sap of root sys-
tems of Helianthus annuus detected by a new dwarf

pea epicotyl assay and other methods. Planta 63:
269-78.
PriNNEY, B. O. axp C. A. West. 19%1. Gib-

berellins and plant growth. Encycl. Plant Physiol.
14: 1185-1227.

SkeENE, K. G. M. anp D. J. Carr. 1961. Studies
of a wheat leaf assay for the quantitative deter-
mination of gibberellin activity in plant extracts.
Phyton 16: 97-115.

WHEELER, A. W. 1960. Changes in a leaf-growth
substance in cotyledons and primary leaves during
the growth of dwarf bean seedlings. J. Exptl. Bot-
any 11: 217-26.

WaytE, P. AxD L. C. LuckwiLL. 1966. A sensi-
tive bioassay for gibberellins bhased on retardation
of leaf senescence in Rumex obtusifolius L. Na-
ture 210: 1360.

YaMaki, T. 1964. Intracellular localization of
native auxins and gibberellins, in Regulateurs Na-
turels de la Croissance Vegetale, C.N.R.S., Paris.
p 687-703.



