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Abstract. The distribution of endogenous gibberellins in Dwarf-1, a single gene dwarf
mutant of Mexico 80-R red beans, was studied. Parallel extraction and fractionation of seeds
of this mutant and those of a normal homozygous line followed by thin layer chromatography
and bioassays using Rumex obtusifolius, wheat seed endosperm and dwarf bean plants revealed
that a stem elongation control factor was contained in the non-acidic fraction from normal,
but not from Dwarf-1, seeds. It was concluded that the single gene mutation causes a block
either in gibberellin precursor formation or in production of a non-acidic fraction gibberellin-like
suhstance.

Moh and Alan (9) have isoulated a line of dwarf
mutants from gamma irradiated red beans and have
shown bv segregatioon studies that the phenotypic
expression is recessive to the normal with single
gen,e control. Subsequent work by these autthors
(10) revealed that the dwarfism (phenomenon may
be reversed by the application of an aquteouis spray
of gibberellic acid ito the leaves, im;plying that a
lack of hormone may account fo,r the dwarfing.
The giibberellic -acid treatment induces internodal
elongation and leaf expainsion, an(d dwarf muitant
plants ssubjec,ted to optimal level,s of the hormone
are indistinguishable from plants of !the normal line.

PlIanits of this particular line of multants (desig-
nated Dwarf-1) are characterized by formation of
suiccessively more compacted infternodes above an
elongated hypocotyl. Because of this, vertical
growth tulltimately ceases. A similar situiation 'has
been observed in dlwarf corn, except that the ter-
minal node does eilongate (6). The leaves of the
Dwarf-1 pqlants are (lark greenl, thickene(l, and(I not
futlly expanded (13). A comparative v,iew of the
normal and dwarf plants is eshown in figuire 1.

The present study was initiaited on the premise
that there was a gibberellin imballance in the mutiant
line. A paraTllel ex,perimental series was run, using
the Dwarf-1 versus a nlormal homozygous parent
line.

I This work was supported by the United States
Atomic Energy Commission under Contract AT (30-1) -
2043.

2 The data preseinted hereiin are taken froii a thesis
presented to the Graduate School of the IIAS by the
senior author in partial fulfillment of the requirements
for the degree of Master of Science.

Materials and Methods

Preparation of Extracts. The dwarf bean use(I
in this sttidy is a mutant of tihe red bean, Phaseolus
vulg(aris L., var. Mexico 80-R, whic'h was developed
by Moh and Alan (9). Plants of this mtutanit line,
wvhen subjected to an aqueotus leaf spray of 32 mg/I
gibberellic aciid, undergo stem ealongation and leaf
expansion, reverting to the normal pheno-type.
Seeds to be extracted were obtained from green-
hou,se grown plants treated with gibberellic acid to
provide sufficient yields. No carry-over of the
growth substance was evident when plants from
seed of treated vs. untreatedc plants were meastured
for stem elongation and leaf expansion after having
been grown together under identicail co-ndiltions.
Extraction of gibberellins was made from both
matture seeds and green plant material.

The seeds were extracted accorcding to the meth-
ods outlined by Hashimoto and Rappaport (4).
They were ground in a Waring Blendor in 50%
methanol, using 300 nil for each 100 g of air-dried
seed, filitered, and the alcohol portion of the fiiltrate
was evaporated off tunder vacuum. The remaining
aqueouts pha.se was adjusted to pH 7.5 with NaHCO,
anid extracted several times with ethyl acetate.
These combined ethyl aicetate fractions were labeled
the non-acidic ffraction. The water phase was then
acidified with H3PO0 to pH 3.0 and re-extracted
with ethyl acetate to yield the acidic ethyl acetate
fraction. Finially, the water phase was again ex-
tracted with n-^butanol to give the acidic butanol
fractiion. Any water remaining in the organic
solvents was removed by passing the fractionls
through a column of anhydrotis Na,S,O4.
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FIG. 1. A compaiisoin of 28 day-old plants of the normal and Dwarf-l nmutant.
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For the green plant ma,terial extractions, above
ground poritions of 21 day-old be-an plants were
killed by freezing in liquid nitrogen and extracted
directly in ethyl acetate, utsing McComib and Carr's
metthods (7.) No fuirther fractionation of these
extracts was carried ouit.

Al.l organic extracts obtained were reduced
tinider vacuum to near dryness and either taken uip
in 10 ml of distilled, deionized water prior to uise
in the bioassays or tised directly for the chroma-
tographic separations.

Biological Tests. Three separate bioassays were
employed in this study, the Rumex 'leaf disc te,st,
the wheat endosperm test, and the dwarf bean
mtitant test. The first of these is based on the
prevention of doss of chlorophylil by 'llow concentra-
tions of gibberellin in excised mature leaf discs of
Rutmiiex obtusifolius L. Plant material was col-
lected from the slopes of Cerro de la Muerte
mountain in Costa Rica and was propagated in
pots in the greenhouse by root cuttings. The pro-
cedures of Whyte and Luckwi'll were in general
fol.lowed (15), with the addition that it was found
necessary to cut the discs under water to realize
a meaningfuil response *to 'the 'hormone.

The second bioassay was based on that of
Nicholls and Paleg (12) in which gibberellin-in-
d-uced reducing sugar production from starch in the
endoosperm of grain seeds is measu,red. Wheat seeds
of the variety Tiba obtained from Ecuador instead
of the tisulal barley were used because of a lack of
an adequate source of the latter. Reducing stigars
were measured by the methods of Nelson (11) and
Somogyi (14).

The third test was the application of the ex-
tracts to Dwarf-1 plants. Greenhouse grown seed-
lings 21 days old were treated with the diluted
extracts containing 0.05 % v/v Tween 20 applied
as a foliar sprav at the rate of 25 mil per plant.
The total increase in heighit after 30 days as co,m-
pared with non-treated controls served as the cri-
terion of response to the gibberelilin-like substances.

Chro matographic Separations. T.he extracts
were spotted onto Silica Gel G thin layer plates and
developed in benzene :n-bbutan'ol :acetic acid (70:25 :5)
after the procedures of McMillan and Suiter (8).
The presumed gibberellins were visualized bv first
examining the plaites under ultraviolet klighit. They
then were sprayed with suilfuric acid:water (10:30),
heated and re-examined un-der the uiltraviolet light
to o-bserve the appearance of fluiorescent spots.

Results
and Discussion

Before commencing with lthe assay of the various
extracts o,btained fronm the bean material, a series
was run with knowni concentrations of gibberellic
acid (10-5 to 1 mg/l) oIn each of the 3 bioassays.
Regression analysis (fig 2) revealed that the Ruminex
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FIG. 2. Regressions of relati-ve concentrations of
chlorophyll or reducing sugars on gibberellic acid levels
in the Runex leaf disc and wheat en,dospernm bioassays.
The 95 % confidenice range is delineated by the broken
lines.

test gave more reproducible resulits than did the
wheat endosperm assay, probably because of varia-
tion in the wheat seeds (2). The dwarf bean test
was shown to lack sensitivity below 10-2 mg/l.

Similar results for both the Rumex and wheat
endosperm bioassays were obltained when the acidic
ethyl acetate, acidic ibutanol and non-acidic frac-
tions from the maiture seed extracts were tested
(fig 3, B and C). The greatest activity in both
normall and dwarf bean extracts appeared in the
acidic 'butanool fraction, followed by the acidic ethyl
acetate and non-acidic fractions. In general, the
response to the extracts of the dwarf seeds was
qualitatively simi:lar btit about 25 % less than that
of the normal line.

It might be concl.uded from t'hese data that the
dwarfing was a result of merely lesser amounts of
growth 'hormones. However, examination of the
data from the dwarf bean assay (,fig 3A), revealed
that stibstances present in the non-acidic fraction
of the normal line were the most efficacious in
causing stem elongation in dwarf plants. Neither
of the acidic fractions of the normal seeds, nor any
of the extracts of the dwarf seeds had a significanit
effect on stem elongation in the dwarf plants.

The differences in response of the Rumtex anid
wheat bioassays to ethyl acetate extracts of steimis
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Table 1. Respoise,iven to Crude Ethyl Acetate
EXtracts froiui Norma(zl and Dwar-f-1 Stemiis atd

Leaves in 2 Diffcernlt Bioassays
I)ifferences (based on 20, replications) are significant

at the 95 % level. St:itisticail variation withinl treat-

mnenits xvais le,ss thiani 7 %.
-J _' Souirce of extract Rumex test \Vheat test

Il)1s]// elqliv(ll(ilts of G. l.3
Normiial 1.0 X JQF2 1.8 X 10 2

Dwarf -1 1.0 X 10-4 2.0 X 105
X

_
8 Ian(l leaves are presented in table 1. T,he dwarf

1 7 planit extracts, although less activ-e than tihose oof
the niormal linie, still show considerable gibberellii
activity. When, however, the extracts were ap-

6 plied to dxwarf beani planlts, nio responise coul-d be
detected, possibly h)ecause the hormones in the

1.0 extracts were at a concentration below the sensi-
B tivitv of the assay. Wheni matulre seeds Nvere in-

cubalted with the various fractions andl then germi-
nated, those treated with tihe non-acidic fraction

E 0.Bt rp1 N l 2 | )roduiced plants which1h were taller than the nlon-E08 ~~~~~~~~~~~~~~treatedldwa,rfs.

U') 0.7 C/G iromni(atogratphy. Severa;l differences were ob-
flO .7 + g _ X served in tthe distribution of presuimed gibberellins

(D X g (i.c., those fluiorescenit spots appearing only after
(D;;@ 0.6 . @ X treatment with sulfuric acid and heat) in the matture

fing g seed extracts. The acidic bultaniol fraction yielded
0.5 . * L _ 6 spots fo,r the normal and only 3 for the (l\varf.lS 0 _ The acidic ethyl acetate fraction showed 5 and 4

0.40.4 spots, respectively, while nio differences could be
z observed betweeni tihe 2 lines in the nioni-acidic
4 fractions sinlce both had 2 presuiiimedl gibberellins at

-11 r l C I identical R valtues. A largc fluorescent spot, ho-w
Ct n ever, w%ia,s observed at RF 0.9 prior to acid treatment

0 LO ni the normafl no-n-acidic but not in the dwarf nloIn-

aicidic fraction.'
SE 0.9 n Rtumex and Wheat Enidospcermii Bloassays. The

4I Nresuilts obtainied in the Rume.r and wvheat seed bio-
00.8 atssays comlpared with t-hose of the Dwarf-I bean

tes,t, reveal the inherent daniger of relying, on a

(0 0.7[ - 1 N | n sisigle hioassay proceduire whenl examining a rangeU _ I I | I 1Xffl of gibberelflin-like substances. II fact, both the

0.5 | _|
|Rumc.r- and wheat test max' also react to otlher0.6 materials stich as the kinins. Both of the standard

0.5
p 1

l)rocedllres uised1here in-dicate(l that tlhrerx as more

N E B N E B
NORMAL DWARF

Fi(,. 3. Results ohtaine(l in 3 d1iffei-iit bliossatVs in1
riesipoinse to the non-acidic, acidic ethyl1 acetate and
acidic hutanol fractious of extracts of seeds of the
normal and D)w\<arf-I lines. The results areC shoWIn fol-

O Ethyl acetate a tylpical experiment runl with a single hatch of seeds.
Replicate experimnts g.ave e.ssentially identical ri-

But' a n o I sults. TIhe clear spaces at the bottom of the hars shoxx
the level of the con,trols. A) Ehvarf-l hioassaY. B)
Ruoe.r hioassay. C) \Vlheat en-dosperm hioassay.
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active material in the aciidic butanol fraction thani
that extracted in the acidic ethyl acetate, while
little or no acitiviity was demonstrable in the non-

acidic fraction. These results agree with those of
Hashimoto and Rappaport (4) who also workedl
with bean seed.

It appears that there is nO complete lack of
-ibberelilin-like substances in the acidic butanol and

acidic ethyl acetate fractions of the dwarf beani
seed, but rather thait the dwarf possesses lesser-
amounts of these materials. The resultts of the
chromatographic studies indicate that this lesser
activity could possibly be due to the absence of
several individual gibberellins. None of these de-
ficiencies, however, seem to be directly connected
with con(trol of normal growth, since 'if the missing
factors (in the form of acidic extracts of the
normal plant) are applied to the dwarf mtutanit, it
does not revert to normal size. Such ani effect
might a-liso be the resulit of a lack of penetrationi,
the presence of sub-4i,minal concentrations of growth
stubstances in the eaftracts, or a loss of sensitivlity
to the acid gibberellins as has been observed b)y

Kende and Lang (5).
Loss of Leaf Pigmtentation. A secondary effect

of gibberellic acid on the Dwarf-i mutant is the
rapid loss of the green color of the leaves, ofteni
appearing 12 to 24 hoturs after treatmenit. This
can be shown to be directly related to the (Illation
in chlorophylil content of a given leaf area by
hormone indulced expansion. The treated and ex-

panded multant leaf has a chlorophyll contenit per
uinit area identical to that of the normall, whereas
the untreated dwarf leaf shows a dry weight ancl
chlorophylll content 30 to 50 % greater thian the
normal (3). Wolf and Haber (16) concluided that
a s:mila'r effect on dwarf wheat seedlings was also
dIle to a dilJution of the chlorophyll by gibberellin-
indltuced growth.

A rapid loss in color in the Dwarf-1 muitan;t
occturred 24 houtrs after application of the acidic
ethyl acetate extract. The acidic buitanol fractiotn
indticed no apparent chaniges, nor at first did the
non-acidic fraction. After 96 hours chilorophyll
diltution became apparent in tihe non-acidic fraction
treated plants.

Convzersionz of Non-acidic Fractioni Vaterials.
The aforementioned del-ay in response is possibly a

result of a time lag indticed by conversion of non-

acidic fraction materials into acilic ethyl acetate
fraction subhstances which in tu;rn induce the changes
noted (4). Fuirther evidence for suich a conversion

was presented by the behavior of seeds incubated
wi.th the various fractions. Onily the non-acidic
fraction olf the normall seeds produced a response,

and this too was delayed when compared with tha-t
of plants treated with gibberellic acild.

Basis of Response. The changes induceid in the
Dwarf-i m,utant after treatmenit with the non-acidic
fraction may be explained by asstuming that either
the factors controlling internode elongation and leaf

expansion are preselnt in this fraction, or that the
non-acidic fract.on serves as a reservoir of pre-
cursors of these suibstainces, which may be present
in their ultimate form only in smalil amoutnts in
acitively growixng plant organis.

If tihe latter is truie, then b,oassays based oni
isolated tissuie svstems suich as the Rumnex or wheat
endosperm tests may be limited by having an albso-
lutte requiiremenit for p)reformed giLLberelilins, whereas
a,ssays of the (lwarf l)ean or dwarf corn type which
employ the in,tact plant may be more suiita,ble for
precursor stuidies.

The finding s of Chailaklhyani and Sarkisova (1)
that generative organs of seeded grapes contain
larger amounts of gi,bberelllins than the vegetative
organs could serve to explaini certaini aspects in the
developmental morphology of the Dwarf-1 multaniit.
The fhowers, pocls, and seeds of the dwarf bean are
equal in size to the normal, anld youing seedlings,
althoutgh smaller than normal seedlings of the same
aige, do undergo early elongationi be.fore slowing
and stopping their growth at about the thirl inter-
node. If there were reserve stores of harmones or
hormone precuirsors in the seed, when these became
exhauisted elongation would be expeceled to cease.
The inability to obtain a respon,se With (dwarf
plants treated wilth normal plant steiii all leaf
tisstie cxtracts which were able to elic. a reaction
in the Rumtex and wheat endos,peirm tests serves to
reinforce this idea: the level of active material in
mature tissuie is probably qtuite low.

It may be concluded that dwarfism in this
muitant restillts from a single-gene controlled meta-
bo,lic hlock in formation of either gibberelTin pre-
ctursors or in non0-acidic fraction gibberellin-like
stubstances. Adimittedly, this evi(lence is based
mainly oln seed extracts which may or may niot be
qtlalitatively the same as whole plant extracts, but
the facit that dwarfism c-ani be reversed by a normal
pllant extract, even thotugh from seed, does lendl
cre(lence to the argutment.
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