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ABSTRACT
Genetlie Studies of the Maize Stature Mutant, Nanal

by Alan L. Hodgdon

This research was undertaken to elucidate the dwarf-

i. A large part of the

ing mechepism of the ma;ze dyarf‘Nana
experimentation was testing the hypothesis of excess IAA
oxidetion in Na.na,i°

Itlwas'shown by growth studies that ceffeic_aqid and
ferulic ecid, inhibitors of IAA oxidase, had no effect in
overceming the dwerfism in Nénai, Elect;ophofetic:separation
of gene;al‘proteip'extrecﬁs-frqm Nanel end normal.ma;ze
showed no differences in general proteins or in enzymes which

would mediate in oxidation of IAR. A spectrophotometric

assay system showed that there was very little difference in

1

tracts. Peroxidases are responsible for the oxidation of IAA.

peroxidase activity between the Nana. and normal protein ex-
Maize coleoptile section elongation tests indicated that
Nane1 responded to added IAA, but the normal did not. Avena
elongation tests employing general extracts showed that Nanal

extracts did not inhibit elongation of Avena coleoptile sec-

tions more than the normal extract.
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The ;esearch squesteq #hat the dwarfism of Nanal was
not due to enzymatic destruction or other type of inactiva-~
tion of IAA. The results indicgted thgt the cause of dwarf-

ism might be a lack of an optimum amount of the IAA.



INTRODUCTION

There are a pumber of genetic dwarfs of Zea mays
which are characterized by a‘laqk of normal cell elongation.
Van Overbeek (1935) working on the dwarf Nana, discovered
that the lackvof céll elongatiqn was caused by a subéopiimal
amount of the growth hormone known as auxin-and later iden-
tified as indole-é;acetic acid (IAA)i 'Othex maize dwarfs
were soon shown to be deficient in éuxin (van Overbeek 1938).

The'Sub;éptimal amount qﬁ.iAA preéent in dwarfs )
could be caused by lower IAA productign or by destruction of
IAA mediated by peroxidases or othex agéqts, or dwarfism
céuld also be due to lack of ability to utilize IAA. Van
Overbgek {1938) showedvthat i@A préduction in_Dwé,rf1 was sig-
nificantlf lesé thén inlthg ﬁormal sib, but Haﬁris in 1953
fouﬁd that the:reéson forvdwarfism was actgally'the~inability
to use IAA. In the Nana dwarfs IAA inactivation seemed to,be
the‘&waffing ﬁechaniém, | |

;nithe cases of;Nanallyanjoygrbeek (l§35) showed by
Avena curvature tests:that Nana coleoptiles‘prqdﬁced'less
auxiﬁ than tﬁe‘normalo' He aiso‘showed by coleoptilé curva=-
ture that Nana responded less to auxin. Next he démonstrated

1



2
that coleoptile and meSocotyl sections of the dwarf destroyed
more axin in agar blocks.than those of the normal. He theo-
rized that thisvaﬁxin destruction could be responsible for
the lack of auxin necessary for normal cell elongation. He
thought peroxidases céuld be responsiblg for the auxin de=-
sﬁruction, and an expeiiment showed what seémed to be a
higher peroxidase qontent in Na.ngl° Similarwexperiments by
al-Salih (1958) also indicated that there was enéymatic de-
struction of IAA, ’

Van Overbeek inv1§38 using five day old plants
showed that the amount of diffusible auxin f;om:Nanal‘cqle-
optile tips was nearly the same as that of tﬁe normal, but
was 87% less than that of the normal belowrtheAcoleoptile
nodec_bThis gave further evidence of a high rate of auxin de-
- struction by the.d;warf°

The objective of this thesis research was fuxther
study of the auxin destructionwand other possible dwarfing
mechahishs in Nana, by employing different and, in some
cases, more modern and precisé téchn%éues,

Much can be learned about &waffing mechanisms by try-
ing to ove?come the dwarfness. Phinﬁéy (1957) and al;Salih
(1958% had tested the response of Nan;i éo gib?erellig acid

with negative results. Much of my research was attempting
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to overcome the dwarfness in Nanal using IAA and other com-
pounds.,

If there were large differences in pe:oxidases, pro-
tein studies would show this. The analysis of protein dif-
_ ferences betwegn Napal and Eorgél bgcame a 1argg pa;t of my
research. I attempted to analyze differences in numbérs of
peroxidases"with disc electrophoresis. Peroéidase activity
differences were tested by a sééctrophotometric assay sys-—

tem.



MATERIALS AND METHODS

Source of the mutant

Seed segregating about 5:1 normal to Nana, was fur-

1
nished from U.C.L.A. The seed was from parental stock which

was field pollinated. Nana was first described by Li (1933).

Source of the Avena

Thé Avena used in elongation tests was a genetically

pure hulless variety from the H. Wilder Tomlin Company.

Maize and Avena culturing methods

For most experimentsjgegd segregating for normal and

Nana werg_grdwn five or seven“days from planting in tap

1
water. Th;s was‘dqne usihg eithgr‘Speeanak Growth Pouches,
plastic bags with paper towelling to support the seeds, or
watex culturés in plastic trays. Growth_poﬁches were f£illed
l with'25 ml of water and five seeds were put into each pouch...
The seeds in water cultures werersupported at the water 1eve1'

by cheese cloth on hardware'cloth coated with wax. Fifty

seeds were planted in each tray containing 1 liter of waterx.

4



5
Seeds were also grown in plastic trays using vermiculite as
a supporting medium.

Seeds were soaked for 3 to 6 hours in tap water.
Distilled water was also used, with less success. When funéi
became a problem, seeds were rinsed in chlorqg diluted 3:1
in watgr f;r tenlminutes, and this was followed by normai
soaking. Seeds were incubated in the Avena Room at about
96% relat;ve humidity and 25% or in an,incubator at 25009
Growth was in the dgrk, and in certain casés one hour of red
light pexr day was used to prevent excessive mesbcotyl eloné'
gation,

Avena for elongation studies were grown and sensiQ
tized accordingltoqthe procedures of Nitsch and Nitsch (1§56)w
Avena were grown in deep petri dishes in distilled wateé on N
filter paper supported_byvstacking watch glasses. The Avena
were planted groove down and embryo out around the edge of

the filter paper.

Water cultures with supplements

Water cultures were set up as outlined above in plas-
tic trays with one liter of solution.
A stock solution of IAA was prepared using 10 mg IAA

dissolved in 5 ml 95% ethyl alcohol. This was diluted to 1



liter with glass distilled or demineralized water. Fifty
seeds per tray were grown in concentrations of l'mg énd 0.1
mg IAA_per litgr diluted from the stock solutiori° Control
trays were grown iﬁ water. Gibberellic acid sglutions were
prepared in the same concentrations; however, no alcohol was
 needed to dissolve this chemica;L°

Caffeic acid and ferulic acid stoék solutions were
prepared at concentrations of 10 and_ool mg per liter in dis-
tillgd water. For the g;thh studies @hese were diluted to
concentrations of 5 x 10”"2 and 5 x 16’4 mg per liter, (see
Thimann, Tomaszewski; and Porter 1962).

These liquid cultures were incubated seven days in
the Avena Room and then the dwarf and tall coleoptiles and

mesocotyls were measured to determine response.

Extract studies using Avena elongation teSté‘

In ordéi to test possible IAA inactivation by the
Nanal and gormal_maiie, extﬁacts‘wefe made ffom the coleop~-
tiles of each, and these’werg used in conjunction with the
Avena section test (ﬁitsch andANitschul956) to determine
their effect on iAA; Maize segregating fo% normal and Nanal
were grownAin waﬁer cultures for seven days. '001eoptiles of

the dwarf and normal were excised just above the coleoptile
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node. Egual numbers or eqpal féesh weight of the normal and
dwarf coleoptiles (depending on the experiment) were ground
using a morta; and*pestle oxr other grinding de;ice in equal
volumes of citric acid buffer at pH Sob with 2% sucrose. An
amount ofrbufferééucrose solution four times the weight of
the coleoptiles was used. The extract was centrifuged 15
minutes at 22,066 X g, and fhe supernatant was used with the
section testsqr

COntr01 and IAA solutions for the Avena elongation

tests were pre@ared éqcording to Nitsch and Nitsch (1956).
The st§ndard IAA solution was in the concentration 6f b,i mg
per liter. gﬁggg;which héd been growing about 66 hours and
had attained the height oanpproximatély 25Immkwere sectioned.
From each piant selected one 5 mm section was taken from the
coleoétile‘3 mm below the tip. These were then sensitized
accordihg tq'the procedures Of Nitschvand”Nitschn(léée);

| Test sblutions were the éontrol and TAA sélﬁtiéns and
also the.dwarf and normal coleoptilevektracts aéded to var~-
ious concentrations of IAA. For each solution tested, tén
coleoptile sections weré placéd in a glass stqppered pyrex
elongation tube with 2 ml of the test solution. When the ex-
tracts were»ﬁixegwyith th§ IAA golutions, 1 ml‘qf each was

used. The coleoptile sections were then incubated for twenty
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hoﬁrs in thgwdark bn a Scientific Industries multi=§urpose
rotator. Aften,thé incubation each section was measured.

_ In certain experiments the bﬁffer_fo: the extract and
the IAA énd control solutions wés phbsphate buffer, pH 7.3,
(Goréner énd Gorﬁner 1949) in order té-approximate more

closely physiological pH.

Maize coleoptile elongation studies

In another’attempt to study the re5pohse of Nana,

to-
IAA, coléoptile elopgatign_tes;s were used° 

| Maige segregating for normal and Nanal were grown in
w;ter tray cultures or ip vermicu;ite for 5 days aﬁter plant-
ing. Egual numbets of dwarf and né:mal sgedlings were se-
lected, and 5 mm se¢£ioné Wepg cut ﬁrom;ﬁhe cq;eggtiles 3 mm
below the tips. These were'thén:put into elongatioﬁ tubes
and incuba@ed_for>24 hours inlcontrol and IAA solutions
identical to those used for the Avena elpnéation tests.

Again 2Jml of solution were used for each tube. Seﬁen to 10
sections were incubated in each test° Incubation was in the
dark, employing the Same rotator ﬁsed fér the Avena. IAA
solutions were 0 (control), 0.1, 0.2, 0.4, 1.0, and 10.0 mg

per liter concentration. As controls in elongation experi-

ments, some dwarf and normal seedlings were kept intact and



9
5 mm sections were marked 3 mm below the tips with India ink.
As in the Avena elongation experiment both citric acid buffer,

pH 5.0, and phosphate buffer, pH 7.3, were used.

Disc electrophoresis

The disc electﬁoPho;esis apparatuspwas_almodificen
tion of Davis' apparatus (Davis 1964) constructed by R. M.
Harris and staff at the Beﬁany Depapémentn |

The technigue foilowed Qas that of Davis (1564) and
Clarke (1964) for use with proteln extractskwhlch do not gel,
such as plant proteins. The dlec electrophoresis was used
for determining differences in general proteins and in per-
oxidases.

. For a general protein extract equal numbers of nor-t
mal and ﬁangl cdleeptiles{were_exeieed jusﬁ aboye the
eoleoptile.node‘and were g;ound in four times their weight
of phosphate buffer containingﬁbos M sucrose. The extract
was then centrifuged 15 min.  at 22,0’00Xx>g° The precipitate
was discarded° The procedure was adapted froﬁ'ﬁildman and
Jagendorf (1952) and Keller and Block (1960)

_ After each run the gels were stalned overnlght in
amido black stain.(Davls 1964)0 After the destaining the

bands were counted and relative positions were noted.
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The extracts for peroxidases were prepared_accofding
to the piqcedures of Farkas and Stahmann (l§66) with the'ex;
ceptipns tﬁat equal numbers of coleoptile;i(fi;e days oLd)
wexre grouhd by a mortar and pestle and'centéifﬁged 15 miﬁ;
at 22,000 x g.

The perqxidase e;ectrophoresis was‘alsq carried out
on starch geirusing the techn;ques‘of,Smithies5(1555) with
slight apparatus modifications° The buffequsysﬁem uéiiized

was described by Ockerse, Siegel, and Galston (1966).

Spectrophotometry

The extracts for the.peroxidase assay:system were
made by ﬁhe methods of Farkas and Stghmann (1966) with modi-
ficatiopso TﬁespectroPhotometry was»perfoﬁmed én a Bausch
and Lomb Spectronic 26 at 420 Ty for five minutes. Readings
weredtaken at the start of the reaction, at 15, 30, 60 sec.,
ahd at 105; 2,3;4,:and 5 min. as percent of the blgnk“s trans;

mittance. The instrument was calibrated with the blank at 80

% transmittance of 420 mp.



EXPERIMENTAIL RESULTS

Liquid Cultures

Gibberellic acid and IAA

In attempts to overcome the dwarfness of Nana seeds

1
were gro&n in‘the variouspsol@tiops for seven days.

; Under the preécribed growing conditions dwarfs of
this age can be differentiated easily.from normal seedlings.
Dwarfs have shorter and thicker coleoptiles and have very |
‘little elongation of the mesocotyl. After %he gréwing per-
iod, the coleoptiles of the seedlings were measured and eléne
gatién of the mesocotyl was noted. Seedlings,wére classified

Nana., or no:mal on the basis of mesocotyl elongation. All

1
means are tabulatéa as coleoptile length plus or minus two
timés the standard érror of. the mean.

Experimént 1 tested the response tg gibberellic acid
and IAA ip cqncentrations of 601 and 1 mg per liter. This
ekpeﬁimenﬁ was done in growth pouches with 20 m14of liguid in
~each. Water was used as the control. The results are shown

in Table 1. 1In no case did the Nana, or normal maize reSpond

1
significantly beyond the control.

11l
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'Experiment 2 was a repeat of experiment 1 except
that_tray‘water cultures were used rather than the bag cul~-
tures. The rgsults were the same; neither Nana, nor normal.
responded significantly to gibberrellic acid or IAA beyond

the control. The results are shown in Table 2.

TABLE 1

RESPONSE OF NORMAL AND NANA; TO GIBBERELLIC ACID AND IAA
. (bag cultures) A

coleoptile length in cm
IAA GA

mg/liters O B 0.1 1.0 0.1 1.0

Nana, 1.824.24% 1.884.25 2.134.18° 1.94+4.21  2.08#.19
normal  3.38£.19 3.43£.19 3.603.14 3.194.16  3.224.17

2 two times the standard error of the mean

TABLE 2

RESPONSE OF NORMAI, AND NANA. TO GIBBERELLIC ACID AND IAA
(tray cultures) o

‘coleoptile length in om

1AA . e

mg/litexrs 0 0.1 1.0 0.1 1.0

Nana 1.834+.28° 1.704.20 1.824.27 1.644.22 1.98+.17

1
normal  2.67+.20 2.97+4.22  2.99+.20 . 2.974.24  2.75%.32

2 two times the standard error Qf the_mean
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In the tests of response of the maize to gibberellic
acid and IAA in water cultures, there was no significant re-

sponse beyond the control. Probably mqre'significant was the

1

In all cases any plahts which had the\coléoptile character=

fact that the dwarf growth habit of Nana, was not overcome.

An extreme response by Nana, should have caused elongation
of the mesocotyl to the length of the normal, and this was

not observédo
Caffeic and ferulic acids

Accordihg to the hypo?hesis oﬁ_van Overbegkx(1§3$)
Népal should héve higher IAA oxidase activity than éﬁe noémal
maize. _

,quuya; Galstoﬁ, and.Stcwg (1962) noted thgt natufal
inhibitors of IAA oxidasewhad beenvisolaéedo Among these
were ferulic aéid and gaffgic_acid°

The ma;ze was grown in liquid cultures of caffeic and
ferulic écidsu%n attempts #o»oyercome:the dwagfness qf Nana, .
This gxpgrimentywas:pgrformed twice_gnd each time egtremely
high fungal contamination of the cultures made the seedling

number low. Table 3 shows the results of one of these exper-

iments.
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TABLE 3
CAFFEIC AND FERULIC ACIDS
 (tray cultuzes)

colebptile length in cm

mg/liters 0 5%107% 551072 531074 5102
Nana, 2.20+.18% 1.784#.69  2.874.29 1.704.80 1.46+.41

normal  3.084.51  2.87+.54 2.85$.48 2.924.96  2.97+.27

2 two times the standard error of the mean

. Table 3 shows a significantly higher mean for Nana,

' coleoptile length usingAcaffeic acid (leszlmg‘per liter)
over the control (diétilled water). This could be.dqe to“
sampling error caﬁsed by the smali,nuﬁber of seedlings. 1In
some cases only 2 or 3 dwarf seedlings were measured per

tray. Again in all treatments in both experiments Nanal

seedlings had extremely short mesocotyls. ‘This probably

seedlings in

demonstrates a lack of response of the Nanal

the ligquid cultures.

Maize extract studies using Avena elongation tests

In testing van Overbeek's (1935) hypothesis of the
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higher IAA qg;dase activitywin Nanal, geﬁergl protein ex;
tractsuwerewmade ﬁrg@ bgtg normal and Na?alo ;These were
uséd in Avena elongation tests (Nitsch and Nitéch 1956) to
determine the inhibitory effecté of Na.n_z:;l op.Avené'elo;ga;
tione_ Preéumably any inhibition could}be qaused by inacti-
vation or destrgqtion,of_lAAa_,This type of expériment‘was
repeated eight times, usiﬁg eight differenﬁ extra@ts‘with
similar results. Tables 4 and 5 show typical results.

TABLE 4
AVEN2A ELONGATION TEST FOLLOWING MAIZE EXTRACTS °

. . Avena coleoptile length in mm

mg/1 ‘ ~ Nanay; normal - no extract
coNTROL (0 123) s.éifﬁbza 5.844.23 7,152;19
Q,OS | | « 56915930 5,94f;33 -
0.1 5°99£°20 6008f018 8°O3i;32
6,2 | GQOZEQIB 5,99f;2d ;
0.4 | 6°12£;23 5597f,32 - ;

é two times the standard error of the mean
by ml extract ¢ 1 ml IAA solution with
citric acid buffer, pH 5.0
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TABLE 5
AVENA:ELONGATIQNHTEST EMPLOYING MAIZE EXTRACTS IIb

Avena coléoPtile len§th in mm

IAA solution i extracts

mg/l g | Nanay . normal - no extract
control (0 IA) 6?43£°1§a-  6.641.15 7obef°30
0.05 6073£014 - 6074£°13 -
0.1 6.634.17 6.78+.12  8.54+.40
0.2 6.63+.14 eoslggzo -
0.4 6,825021 6.895016 -

a two times the standard exror of the mean
by m1 extract + 1 ml IAA solution with
phosphate buffer, pH 7.3

$§b1e 4 shcws?that‘both Nanglland ngrmal egtrécts in=
hibited ﬁhe}elongation of the coleoptiles ip_the ggggg'tests;
At each concenpration of IAA there was no significant differ-
ence in the inhibition ofaéxggg_elongatiOn by the normal or

Nana., extract. Without using extracts there was significant

1
elongation of the Avena coleoptiles over the control when a
. concentration of 0.1 mg per liter IAA was added to the cole-

optiles.

Table 5 shows the same type of experiment with a
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change of puffersifrqm citric acidf_pH 5.0, to phosphate, pH
7.3. The table showsvesseptially_the same results. The
dwarg énd normal extracts were not significantly différent
in their deggee of inhibition qf elongationg In the series
of two experiments‘using phosPhate bqffer and ﬁhe dwarf ex~
tract, there was significant elongation_over the control
with 6°4 mg pex liter IAA. This was not the case using the
extract from the no;mai seediingsa Such results show that
ﬁhe dwaxf extract maybinhibit the elongation of Avena less

than the normal.

Maize coleoptile response to IAA

o Phinney (1557) and al;éalih (l§58$ showed thg? Nana,
responds qnly slightl§ toﬁgibbergllié aciéq The question of
response to auxin'wag p§rtia11y answered by van Overbeek
(l§35) using maize coleoptile curvature.

| My method was to test‘the re3ponse‘of sﬁraight-cole~
optile sections over a wide range of IAA concentratiohsf
The concentrations of IAA used varieg‘from,o (contrbi)iﬁp to
iO mg pef liter. The élonga@ion test wasjmodified ffém.that
of van Overbeek (1566). Instead of floating the coleoétile

sections, the sections were incubated in elongation tubes on

a rotator. This experiment was done twice with the same
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regultsob Also in’these expe;iments noxmal and Nana, seed-
lings were kept intact as controls. Five mm sections of
the coleoptiles were marked with India ink. The marked
sections were measured after 24wh§urs growthal

Table 6 shows the results of elongation tests using

sections of seven-day old coleoptiles when the primary leaf

had just broken through.

TABLE 6

MAIZE COLEOPTILE SECTION ETONGATION

length in mm

sdlgtibn’sr o Nanal _ ' normal
control’ , 6.50+.27° 6.64+.225
0.4 mg IAA/1 6021£°167 6,54é°232

two times the standard error of‘the mean

at the age of seven days neither the Nana; nor the
normal coieoptiles‘fe5pon§ed tg IAA, The;efore the experi-
ments were performed using séqtions £rom five—day old seed-
lings. Figures 1 and 2 show thé results of these experiments.
Both the_Nanal and the noxrmal qoleoptilé sectionskelqngated

significantly more than the control as the concentration of
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IAA increased. Thevdwarf coleoptiles eiongated significantly
beyond the;intacﬁ seédiingg, but the normals did not. This
shows a definite response to IAA in the dwarf sections as

compared to normal sections.

Disc electrophoresis

Since disc eledtroPhoresisishoqld give very high res-
olution of proteins, it wag thought that a protein differ—

ence between normal and Nana, extracts might be found using

1
this process. The protein extgacts were made according to
the procedure optlined above and were run on the same day
they were made at 16 milliamps cuxrent for 1 hour. }Two sets
of extracts were made and each extract was separated'in a
total of four gels. There were no differencesvfoqnd in band
numbexr of intensity. chwever, the best resolution was only
five bands.

_ ng technigues of disc‘electxophoresis were élso ap-
p}ied to'the problem of”determining differences in peroxi«
dases which mediate inﬁghe'oxigatign of IAA (Ockersé et al.
1966). Two general protein extracts weré prépared and each
was éun 6n the same day it was made, for 1 hour at 16 milli-

amps current. The gels were incubated in 0.25% guaicol and

stained in 0.3% hydrogen peroxide. The band pattern is
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diagrammed in Figure 3. In each run equal numbers, inten;
sities( ahd pqé%tiqns of ﬁands were noted. One extract set
used foxr sPectrpphotometry was also used for d;sq electro~
phoresis. $hese extracts showed the same electrophoretic
pattern as the above mentioned extracts prepared for disc
electroPhoresiSQ?

The first set of protein extracts Qere also xrun on
starch gél, producing a total of three bandé for both the
normalTand Nanal extracts. These bands were similar in all
vrespectsa

The electrophoresis gesults indicated_that there was
no diffefence in general proteins. Theiresults of the perox-
idase electrOQhoresis, with good resolution of up to eight.
bands, suggested strongly that thepe‘was no difference in

peroxidases between the Nana, and normal protein extracts.

1

Spectrophotometry

_For an additional test of peroxidase activity of the

Nana_, and norxrmal maize, a spectrophotometric assay system

1
was used (Farkas and Stahmann 1966). As in the electro-
phorétic technidues, guaicol was used as the peroxidase sub-
strate and it was stained by hydrogen peroxide.

Two different extracts were made, both giving similar
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results. The readings were recorded as percent transmittance.
Tablesm7 and 8 show results using the first extract, Table 8

being the results when the extract was diluted to half

stréngth°
SPECTROPHOTOMETRIC. PEROXIDASE ASSAY 1a/b

extract il - time
| sec: mins

_ 0 30 45 1 1.5 2 2.5 3 - 4 5
Nanay 8 86 64 58 55 51 44 42 39 41
normal = 87 88 53 46 43 42 45 44 40 39
a

readings were % transmittance at 420 my1

b gspectronic 20 set at 80% transmittance with blank before
each reading

TABLE 8

: S a,b,c
SPECTROPHOTOMETRIC PEROXIDASE ASSAY II

extract - s "”"time

gees min: ot
15 30 1 1.5 2 2.5 3 4 5 6

Nana 76. 74 72 69 70 69 69 69 66 65

1 A )
'Nanalv 73 69 67 67 67 67 65 64 64 62
normal 76 72 73 70 70 69 69. 69 68 67
hormal © 71 68 67 66 66 66 65 65 64 62
; readlngs were % transmittance at 420 @p -

Spectronlc 20 set at 80% transmlttance w1th blank before

edch reading
extracts diluted to half strength and each extraet run
twice
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These results show that there is very little differ;
ence in intensity pf pergxidase gctivity'betweep:the Na?al
and normal extracts. Table'9, which shows essentially the
same results, was froﬁ‘data using the second extract set.
Both extracts were run twice.
TABLE 9

14

: . a
SPECTROPHOTOMETRIC PEROXIDASE ASSAY III

extract _ _time

secs ’ mins .

15 30 1 1.5 2 3 4 s
Nana, 72 66 63 64 64 64 63 63
Nana; 72 68 66 67 66 65 67 65
normal 70 66 66 66 64 66 65 66

normal 71 66 65 66 65 66 64 65

é'rgadings were % transmittance at 420 mp

b Spedtronicxzdvset at 803% transmittance with blank
before each reading



DISCUSSION

 The liquid culture experiments using gibberellic
acid and IAA seem to confirm the conclﬁsions of Phinney
(1957) that Nana,; doesn't respond to gibbereliic acid, and

responded

that of van Overbeek (1935) who showed that Nénal

less to iAA than the gqrmai maize. These results, espe-
cially with IAA, are open to_questioh, since the;e is no
assurance thét the grqwth substances are absorbed by the
. plant through the root system. It hasvalso becbmérapparent
that the concentration of IAA uséd_might not have been great
enough for such experiﬁenté. Unfortunétely these experi-
ments were concluded béfqre the results of the maize coleop-
tile section tests were known.

| Al~éalih (;958)wf9unq ?hgt,ext;gcts from Nana1 cole-
optiles had higher IAA:inactivation than the normal. This
was showh using chromatggraphiQ_separation of the extréct,
followed by‘gyggg.curvatu;e,testsﬁ My results using coleop-
file extracts in conjunction- with Avena elongation tests did

not show the additional IAA inactivation by the Nana, ex-
tract. In fact, in.two expefiments the dwarf extrac£ in-

“hibited the elongation of the Avena less than the normal did.

26
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A general ektract such as used in my experiments
should have liberated any inhibitors present in the cells,
but possibly additional-éubstances'could have been released
which masked the effect of the inhibitors. This could be
used as a driticigm of any extract study. The extract
studies do indicate that_there is little or'no-differencel
for IAA inaqtivation in_the coleoptiles.

Next, experiments which would aemonstrate the pres-—
ence of an excess of IAA oxidases (peroxidases) iq the Nana
as compared to the notmgl were performed5' Caffeic and
ferulic acids were known to be inhibitorsvof IAA oxidases
(Thimann et al. 1962). These substances have growth pro-
ﬁoting‘activity in cértain dwarf peas. The growth of dwarf
peas was stimulated to such an extent that the dwarf at-
tained the growth habit of'the_normal.lrcaffgic and fetﬁlic

acids had no such effect on Nana. and this indicated that an

1
excess of IAA oxidase was not the cause of the dwarfness.
Diéc electrOPhoreti¢ sepération of general protein
extracts“fqllowed by staining fqr peroxidases furnished
strong indication ;haﬁ there was no difference in number or
quantity of perdxidases in the coleoptiles. The resolution

attained was as good as any reported for peroxidases.

The destruction of auxin seems to have been well dem~
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| by van Overbeek (1935) and al-Salih

onstrated in Nana
(1958), but the idea of the destrucﬁion'geing enzymatic does
ﬁot fit the résul?s_of.the experimentation done for this
thesis. A péréxidase assay systeﬁ usingwsPectrophotometer
sho&ea that the pgfoxidase activity was nearly the same for

the normal and Nana., extracts. This, I believe, sho&s that

1
the large diﬁference in destruction onIAA could not be
caused by any difference in peroxidase activity. Other
types of inhibitors of IAA activity seem to be little under-
stood at p;esent° |

Another'experiment makes the sitqation more con-
fusing. 1In -z;he maize éoleéptile; elongation tests the Nanal
coleoptiles not only respopded more strongly toladded IAA,
but also to lower concentrations than the normal did. If
inhibitors had been preseﬁt in the dwarf, one would thiﬁk
that a higher concentration of IAA would have been required
by the dwarf to equal the reéponse,of;the normal. It should
also be noted Ehat no atteﬁpt was made tq rid fhe séctiogs
of inhn?.bitors° I cqt the,sectiqns and placed them immedi—
ateiy_in thg eloﬁgatiqn tubes with the test solutions. The
resulté of this exPe:iment_ihdicated thét the dwarf needed

only more auxin to attain the normal's stature.

The maize coleoptile studies, in addition to the re-
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sults of the peroxidase determinations appear to be in con-

tradiction to the findings of van Overbeek {1935).



SUMMARY

1. Exﬁracts made froﬁ Nanaj colepptiles inhibited
the elongation of ézgﬁg’coleoptiles no.more than normal
coleoptile extracts. |

2. Using disc elect:oPhoresis (polyacrylamide gel)
and starch gelvelect:ophopgsis, e§tr§gtéﬁmade from'Nanal "

e

coleoptiles had the same number and intensities of peroxi-
. dase bands.
3. Spectrophotometric assays showed that normal and

Nanal extracts had very nearly the same pefoxidase activity.

4. Inhibitors of IAA oxidase failed to produce nor-

mal growth response in Nanal seedlings.

.5ﬁ Nanalvcgleoptilewsections responded at lower con-
centrations of IAA and elonéated more thén the normal coleop-
tile sections.

| - 6. éhelggperimentatiqn for this the§is showed that
e#cesg IAA oXidation was;probably not the gauseuof dwarfness
in Nanai,ﬂ Results»also‘indicatgq that the;e may, belno extra
inbiﬁition of IAA activity-iqTNanal, The results suggested
that. lack of Qh optimum amount of IAA caused the dwarf

growth habit in Nanai.

30
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