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PREFACE

Although considerable advances have been made in plant
embryogeny from the morphological standpoint, the knowledge
of the physlologilcal and the chemical factors involved in
the development of the embryo is mesger. The present work
1s a study of the conditions and the chemical substances,

which are necessary for the development of plant embryos.

During the course of this investigat

5

(Bed

)

on, the author
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has been given muchk help and encouragement. He has received
valuable advice and many versonal fsvors from Professor
A.J. Haagen-Smit. Many of the ideas in this wori have orig-

ineted from Professor J. van Overbeek, who also has given

e

much of hie time and energy to the project. Helpful sug-
cestions have been tendered by Professor F. Went, Professor
J. Bonner, and Dr. Harriet Bonner. liessers. S. Gottlieb,
W.D. Bonner Jr., P.R. Saunders, Dr. J. Kirchner and Dr. H.D.
lichener have been very generous with their helgp during
various phases of this project. Lirs. Gertrude Wilson as-
sisted in the culturing of the thousandés of embryos, which
wae necessary to arrive at the conclusions drawn 1in this
thesis. To all of the sbove persons the author wishes %o
express his sincere gratitude and appreciation. The author
also wishes to express his indebtedness to the American Cy-

andmid Co. and to the American Philosophical Society for

rents received during the course of this investigation.
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INTRODUCTION

Investigetions on the culture of plant embryos in vi-=

=

tro have been stimulated by the study of the nutrition of

lant embryos, the question of lethal factors and incompati-

k

bility in plant breeding, the germination and the development
of otherwise abortive seeds, and artificial parthenogenesis.
Of the many investigators who studied the nutrition of

plant embryos over a decade ago (2, 13, 14, 16, 21, 22, 25,

56) relatively few undertook the culturing of immature

embryos. The earliest of these was Hsnnig (23) in 1904. He

)

excised immature embryos, which were only 1.2 mm. long, from

the ovules of Raphanus and Cochlearias and grew them to matur-
et e B 1 i St =

ity in a mixture of glucose, asparegine, leucine, glycocoll,
tyrosine, mineral salts, and veptone dlgest. Ae a result of
improvements in cultural techniques, smaller embryos were
grown in vitro by later workers (26, 29, 42). .

This culturing of immature embryos in vitro became a

very useful technique for the propegation of otherwise abor-

tive embryos. When Linum austriacum was crossed with L.

perenne, for example, viable seeds were not obtalned. How-
ever, Laibach (26) excised the embryos, which were about a
fortnight old and 1.5 mm. long, and placed them on a cotton
wadding watered by a 10 to 15 per cent sucrose solution in
a test tube. After a week they were transferred to a molst
blotting paper. Germination occurred in & few days and the
embryos subsequently grew into normal mature olants, which

were inter-fertile and capable of being pollinated by elther
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parent. Thousands of lmmature hybrid embryos of cherrsy,

apricot, peach, and other horticultural olsnts have been cul-

tured similarly in vitro and grown to msturity (26, 3

W

40
P

41, 42). As wae the case with the earlier investigators

Q

Tukey (3%) found that the Y"sterility" of some varieties of

sweet cherry (Prunus evium L) wee dve to nutritional and cul-

tural conditions. He slso suggested (40) that the abortion
of the embryos might have been correlated with the earliness
with which some varieties ripened treir fruit. "Abundance!
cherry, which ripened in early August, produced nesrly 100

per cent viable seeds. "Black Tartar" cherry, which ripened

in early July, gave only 70 to 85 per cent viable seeds, while

the "Early Purple Gulgne'" cherry, which ripened in early June,
produced only abortive seeds. Although Tukey was not sble

V-

to grow cherry embryos wh

e

ch were in the early stages of de-

(e
==}

velopment, he was able to culture those which were in the

w

period of rapid growth prior to their collapse in the seed.
From the standpoint of the glant breeder, then, the realiz-
ation that the early-ripening verieties produced abortive
seeds might have argued against the uece of szn early-ripening
variety as a female parent in & cross. But through the cul-
ture of exclsed embryos in vitro 1t was possible to obtain
offspring from crosses involving two parents with esrly-
ripening characteristics. The newly-bred variety, if satls-
factory, could be perpetuated by the usual vegetative methods
of propagation.

All of the immature embryos which were cultured in

vitro by the sbove mentioned workers were relatlvely large.



Tne failu:e of these workers to grow small embryos in vitro
made prevalent the idea of a limit in the size of excised
embryos which could be cultured in vitro. Dietrich (20),
for example, asserted that embryos less than one third of
their full size were incapable df development outseide of the

seed. LaRue, who was able to culture imrature embryos of

Chrysanthenum Leucanthemum and Bryophyllum crenatum, which

were only 0.5 mm. in length, suggested (29) that "....it does
appear to the wrilter that at a length of about 0.5

have reached a new lower threshold which it will be difficult

to pass.!

D
)
®
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's statement went unchallenged until ven Overbeek,

Conklin and Blakeslee (48, 47), who were interested in arti-

e b e . v s T 7 7 " - m1 51 . A ik
on the culture of emall Dabura enbrvos. These workers divi-

e . st

-1

led the problen of artificisl sorthenogenesis into 2 steps:

=

C

'_J

o) the inducement of the esy cell to divide and b) the de-
velopment of the resulting proembryo into a viable plant.
In thelr zttempts to grow small imunature Datura embryos and

oroenbryos they dilscovered the following facts: a) Excised
£ J J

{10

mature embryos could be grown in dim light on o medium of
0.8 to 1 per cent sgar, 1 per cent dextrose, and Tuxey mln-
eral solution. Root, hypocotyl, and cotyledons developed,
which resulted in normal seedlings. D) Larger immature em-
bryos ot the "torpedo" staue formed roots and hypocotyl but
no cotyledons in the above mecdium. But they could be grown

into normal olants with the addition of glycine, thlamine,



ascorbic acid, nicotinic acid, vitamin Bg, adenine, succinic

acid, end pantothenic scid to the sbove medium. c¢) Embryos

41

smaller than 0.5 nm. in length were not capable of growth

even in the modified medium. With the sddition of non-

autoclaved coconut milk, however, embryos as small as 0.15 nm.

in length could be grown to maturity.

It was at thils point that the present investligation

began.



EXPERIMENTAL SECTION

Chapter 1

vitro

ez e

II_J.
3

Technigue for culture of Datura embryos

The method devised by van Overbeek et al (47) was used

— e

in this investigetion. Capsules were picked 12 to 15 days

after pollination from Datura plants grown in greenhouces

N I

and in the field. They were brought to the dissecting room

where the embryos were isolated «and grown under aseptic con-
ditions. The capsules were first sosked in 70 per cent ethyl
alcohol for about one minute. They were then held with ster-

ile forceps and about 200 cec. of sterile water poured over

=
{

each capsule, in order to wash off the alcohol. After the

waching process, the capsules were placed each in a sterile
Petri dish and the carpels cut with the aid of a sterile

scalpel and a sterile pair of forceps. The carpels were

then discarded. The ovules were renoved from the plecental

i

tissues snd nixed in a sterile Petri dish. This made possible

a-random sampling of the ovules, which wsase necessary for the

v}

quantitative assay of the embryo factor present in different
medla. As a rule, a single capsule, which contained about
300 ovules, was used for each test.

olaced and held between 2

About 5 to 10 ovules were
microscove slides, which had been diloped previously in 70
per cent ethyl alcohol and flamed. In order to avold the
use of hot slides, 2 pairs were needed. While 1 pair was

being employed to hold the ovules, the other palir, which had



been dipped previously in alcohol and flamed, was being
cooled. The ovules between the glass slides were cut longi-
tudinally by drawing =z sterile thin razor blade through them.
It was found that although the use:of hot razor blades had
to be avolided, greater cutting facility was obtained with a
warm blade than a cold one. When small embryos had to be
isolated, the ovules were cut into approximately equal parts.
However, when embryos over C.5 mm. in length had to e iso-
lated, the ovules were cut into 2 unequal parts in order to

avold injury to the embryo.

The halves were placed on the slicdes with the cut sur-

2

v}

aclng upwards. These were then examined under a pre-

Q

foce f
paration microscope. The back of the microscoge was fitted
with a celluloid shield to protect the exposed embryos from

contemination by the operator's breath. If the cut had been

s
7

made orocperly an embryo could be seen in one corner of the

P

enmpryo s ac Ol

5

each of tThe cut ovules. The embryo was re-—
moved with the ald »f dissecting needles, which had been

yein,

sterilized by dilszping 1n aleohol and flamning. Here s

i

2 pairs of needles were used clternwtely, as in the case of
the microscove slides. The embryos were transferred direct-
1y %o cterile shell vials (retempered, short-stvle type, 3.6
em. long x 1 cm. diameter), containing the culture medium.
The culture medium (hereafter referred to as 1 per
cent dextrose medium), which was used =zt the beginning of
this investigation, was made up according to table 1. As
a result of new findings during the course of this work,

this culture medium was subjiected to modifications, which



will be described in the appropriate subseguent parts of

this thesis.

Table 1.
m

edlium.

Comnosition of 1 wer cent dextrose culture

Chemical Souvrce
O.SBO potassium chloride \] Baker's C. P;
0.170 calcium sulfate Tuker'e | Baker'!s C. P.
salt
0.17 magnesium sulfate mixture | Baker's C. P.
42)

3, 17 | calcium phosphate Baker's C. P.
0.170 ferric phosphate Balkerts C. P.
0.138 potessium nitrete merex reagent
30 tacto-aror Difco
1860 bacto-dextrose Difco

0.003 reine Eaetnan Kodak
J.GO0L5 | thianine Hrérochloride lierck U, 5. P.
0.980 cecorple seig Merck Us 5. P,
0.001 nicotinlie =eid Merek Us B Po
0.000% vitamin Bg hydrochloride lierck

0. 0002 adenine Eastman Kodak
0.085 susecinic agid Eastman Kodak
. 0006 czlelum d-p antothenate lerck

1 liter ¢istilled water

5/4 CCs @f Thils mediuzm; the pH of wkieh was H:5; was

nlaced i

A
@

olug an

while the ager

Ty Q
RS

Heklals

cutoclaved at 15 vounds oressure for

a
h}

we

fitted

still liquid, the test

with

a

20 minutes.

solution, which
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had been sterilized previously by means of & Seitz bacterio-
logicel filter, was introduced into the vials. Pasteur pi-
pettes, delivering 27 drops per cc., were used. The agar
medium wae allowed to solidify on a slanting rack, after
which one embryo wes 1lntroduced into each vial. Unless other-
wise stated, 10 embryos . were used for each test solution. For
greater uniformity ~f growth, the embryos were all inserted
about .1 mm. below the surface of the agar.

The embryos were cultured in the dark at constant
temperatures. During the early part »f thls investigation,
the embryos were zrown at 2511” C. Thie was changed later
to 3230.5° C. Ilieasurements of the length of the embryos
were made after gifferent lengths of time by means of an
ocular micrometer. But since the measurements were made
through the curved walls of the vials, the figures

given in

b2

0}

this theeie are 1 srger than the actual dimensions of th
embryos. The average relative growth in the length of the
rce (final/initial length) and the percentage of the
embrveoe which finally develcped (hereafter referred to as
"ser cent viability",) were taken =sg indices of the amount
of embryo factor in the medium.

-

The above lsslation and culturing of the embryos were

cerried out in a room which was kept closed and free of wilad
currents. It wae found taat if the described monipulations
were performed with a reasonable speed contamination was

negligible. No specilal srecautionsry rieasures, such as anti-

geptic sprays and face masks, were necessary. Illumlnation



wae furnished by an 85-watt fluorescent lamp, hung about 2
feet above the dissection table. Incandescent lamps were
nct used because the heat produced by them dried out the

exposed embryos rather rasidly.
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Chapter 2

Effect of coconut milk on growth of
Daturs. embryos in vitro -

a) Growth of enkryos dextrose mediun.

8

1l per cent

3
o
L]
}—.J
ct
O
!_.l
.
~2

Embryos verying fro mm. in length were iso-

leted from Daturae capsules of different ages and cultured

p——

in the 1 per cent dextrose medium. Illeasurements of the

length of the embrrcs were taken after different number of

o -~ . e o 140 M~ 1. _— 3 -
days of culture at 25%1° C. . The crowth of o reoresentative
o i L AATA Sy~ e & 1 S . e Y . » .
sroup of these enbryos is siven in table 2 2nd plotted in
Fa Y i
Lloare L.
- cam I~~~ 3 A= $ I o I~ A ~ 4 >S - - ~ 3
From the detz Lt can te seen tha the 1 per cent dex-

trose medium was sotlisfactory Tor emtryos which were over
1 am. in length. BSmaller embryos ¢id =5t respond as well.
About 10 per cent of the embryos between 0.5 and 1.0 mm. in
length and rcrely embryos less than 0.5 mm. in length were
capable of cdevelooment in this 2edium. It 1s also evident
thet growth could be detected after only 2 days of culture.
Embryos which failed to show any signs of growth within 2

a

o

ys G414 not develop any further. In fact, a sli

-

age of the embryo was observed in most of the failures.

b) Growth of embryos in 1 ver cent Jdextrose medium con-
e M =

taining coconut nilk.

Heart-shaped embryos smaller than 1 wm. in length were
exclsed and cultured in the 1 per cent dextrose medium with
and withcut the addition of coconut milk (liquid in the nut

of Cocos nucifera). Illeasurements of the length of the em-




12.
bryos were taken after O, 2, and 6 days of growth at 25% 1°C.
The growth data for the individuel embryos are shown in table
& and figure 2.

Table 2. Growth of Datura embryos in 1 per cent dex-
trose medium.

mbryo Length of embryo in mm.
no. O days 2 Gays 6 days
] 1s2 18 sl
% 0.4 Q.35 0.35
3 0.25 Q8 Q.15
4 0+75 0.8 C.6
5 2 P Olis G L5
6 O 0.5 0.8
7 1.7 2o Bl
8 1.4 LB B0
9 1.8 1.8 Bx0
10 5 ) L3 4.0
1A 1.0 1ab 50
12 1.7 2B 7.0'
13 1.0 1.0 1.0
14 a2 l.i LB
15 0.556 Qb G5B
16 0.6 OebB 0.5b
17 07 037 0.6
18 0.2 e 8 OB
19 0.35 0.3 Qsd
20 3.5 0.95 (3 days) 1.8 (7 days)
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Table 3.

Effect of coconut milk on growth of Datura

embryos at 25° C.

|

H

Mediun Embryo Length of embryo in mm.
No. O days 2 days 6 days
No 1 Q.95 e 1.0
coconut
milk g O 25 Ul e B
added
3 Owd UeB5 0«35
4 0. 25 0%~ 0.15
5 0.4 0.35 Oudd
6 0.5 O 6 1.5
7 Bl 0«15 015
8 Do 15 Ul 0.2
o 0.45 0.45 0.35
10 0.9 0.8 0.8
AV. 0.44 0.43 Q.50
5 drops 5 0.256 1.0 5.0
coconut
milk 2 Q.8 1.4 Bed
per
vial 3 (41 PR 8.0
4 0435 1455 6.5
B 025 085 U250
6 0«85 0+ 55 BB
2 0.6 1: 15 3.0
8 Ue75 1.8 6. B
9 0.6 1.7 4.0
10 0.6 2.0 5:0
Av. 0.50 1.33 4.4
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The necessity of coconut milk for the growth of small
immature embryos is obvious from figure 2. Without the ad-
dition of coconut milk only 1 out of 10 embryos grew. How-

ever, the growth of this one embryo was abnormal and did not

jol]

give rise to a normal differentisted seedling. When coconut
milk was added to the dextrose medium, 9 out of the 10 em-
bryos developed into normal viable seedlings.

c) Effects 22 different concentrations of coconut milk on
the ‘growth of embryos.

Heart-shaped émbryos, 0.3 to 0.6 mm. in length, were
isolated and grown in the 1 per cent dextrose medium con-
taining different concentrations of coconut milks Coconut
milk was concentrated in vacuo at 50 to 55° C. to one fifth
of its original volume. Stock solutions were prepared by
dlluting tkis concentrate. One to 5 drops of the respective

stock solutions were added to each of the culture vials te

£

o
2

ive the desired concentrations. The embryos were cultured
at 25%1° C. and measurements were made after O, 2, 4, and

7 days, respectively. The growth data of these embryos are
presented in table 4 and figure 3.

There were no significant differences in the percen-

tages of viability in the embryos grown in media containing

(O]

the ecuivalent of to 15 drops of coconut nilk per vial.

Optimum growth of the embryos, however, tcok place in media

containing 3 to 7 drops of coconut milk per vial. With in-

creasing concentrations the growth of the embryos decreased

rapidly, o that at a concentration equivalent to 20 drops
L e

of original coconut milk per vial me growth was obtalned.
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of coconut milk on th rowth of Datura embryos
5roviced with or wit“out SUO’ﬂ mentary nutrients.

o4

Embryos between 0.2 and 0.8 mm. in length were grown in
the following media! a) 1 per cent dextrose medium, as glven
is taﬁle 1, ) 1 per cent dextrose medium, =s given in table 1,
plus 5 drops of coconut milk per vial, and c¢) 0.3 per cent
Aagar, olus 1 ver- cent dextrose, olus 5 drops of coconut milk

ver vial. lieasurements of the length of the embryvos were

taken after O, 3, and 7 days of culture =t 25%1° C. and are

U

ziven in the table below.

3]

Table 5. Growth of Datura embryos in coconut milk
with and without suoplementary nutrients

Per cent Growth measurements of embryvos
[ledium viabllity Length in mm. relative growth
O days |& days |7 Says| 3 days |7 days
2 0 Q.38 075 -—— U2 ——
b . 100 0.41 l.74 S« 37 4.2 842
& 100 D.2%8 1.24 1.88 4.3 Bub
liedium "e¥, which lacked the inorganic salts and the
orzanic supplements except dextrose, did nnt support as
vigorous a ygrowth of the embryos as did medium "t", which

5

contained all of the ingredients =i the

H

oer cent dextrose
medium. The lLeneficisl effect of the supvlement, however,
was not observed during the first 3 days of growth tut be-

came orominent only after about a week. Th

viability was the same in both csases.



Chapter 3

Variagbility in growth of embryos

Béfore any quantitative estimation of the embryo
factor% in a test sgolution could be obtained from the assay
method described in the previous pages the degree of vari-
ability in the growth of the embryocs had to be known.

Personal variations among different workers were
tested in the following way. Ovules from a single cap-
sule were mixed tégether ln a sterile Petri dish. Ten
ovules were taken randomly from the dlsh and transferred
to vials containing 1 per cent dextrose medium by each of
Three persons. The embryos were subsecuently -cultured side
by side at 25t1° C. However, all measurements of the lengths

of the embryos were made by one and the sune person. The

results are recorded in talle 8.

b

Because of the unsuitability of the 1 per cent dex-
trose medium for the growth of small embryos, those which
sihowed an initial develcpment did not continue their growth
after reaching a size of about 1.5 to 2 times thelr original
length. . However, 80 per cent of the embryos lsolated by
person A showed the 1nitial growth, as compared to 10 to

20

per cent in the case of yersons B. and C. Examination
of the culture vials after the teste showed that consider-

able quantities of the embryo sac contents were transferred

The term "embryo factor!, as used in this thesis,
includes all the unknown chemical substances, which are nec-
essary for the growth cf small Datura embryos in vitro.



21,

along with the embryos by person A but not in the case of
persons B and C. The presence of these subétanoes in the 1
per cent dextrose medium might have stimulated. the develop-
ment of the embryos, which ordinarily would not have grown

in the 1 per cent dextrose medium.

Table 6. Growth of embryos isolated by different peréons.

Person

Embryo
no.

Embryo length in mm.

O days

2 days

% via-

bility

Av. rel. growth
(failures not
counted)

A

|,_J
QOO WO

L] L] L] L] L L] *
o1

efelefolsiofeololole

ao1ot ;M

(AR RIVEO RO RO NSNS\ RO RN

0.8
105
dead
0.65
0.7
0.9
140
dead
dead
0.5

Z

N
AV}

0.80

80

1.7

H

DU DAURW
o1 oo O

dead
dead
dead
dead
0.65
dead
0.55
dead
dead
dead

(o

0.60

20

1.5

O(O(D\?O‘JU\!-P-OJI\DI—'E? QU0 QR

o

92

QO OOO0OO0CO0O0OO0|o ellelclaiolieiclelaie] (&)
(1o}

e @ o ® e o o o o .

D OTGR D B O110 i ca] o

]

0.8

dead
dead
dead
0.8

dead
dead
dead
dead
0.6

oo
<

(@)
W
WS

0.67

30

1.6
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However, preliminary experiments by van Overbeek (unpub-
lished data) did not show any increase in the érowth of em—
bryos, when the endosperm waes transferred together with the
embryos from the ovules to the culture vials. Nevertheless,
in order to avold personsl variations, all subsequent tests
were performed each by one and the same person.

The following test was carried out %o determine the

effect of embryo size as a cause of variability. Ten em-

bryos, which were sbout 0.5 and 1 mm. in length, respec-

tively, were cultured in the 1 per cent dextrose medium con-

taelning different amounts of embryo factor. Illeasurements of

the growth of the embryos were taken after 2 days of culture.

at 25%1° C. The results are shown in table 7 and plotted in

figure 4.

Table 7. Growth of embryos of different sizes.
Relative|Dry wt.of | Initial Per cent| Increase | Av.relative
cone. of embryo embryo | viability in growth (fail H

embryo factor length length | ures not
factor in mg. in mm. in mm. counted)
0.58 0 <0.01 -
< 2 1.12 0 -0.06 _—
1 0.59 0«50 30 0.20 l.4
& s 100 0.46 1.4
- 0.50 40 O 25 152
- 1.8 1.10 100 0.65 1.62
1.1%2 100 1.02 1.80
190 ” .08 OB 100 0.49 1898
From the dcta osresented it can be seen that although
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the vercentage viability and the ghsolute incresce in em—-
bryo length were different for embryos of different sizes,
the relative growfhsof the viable embryos were the same in
both ceces. From this point of view, then, the relative in-
crease (final/initial length) in the length of the viable
embryos would serve as a better index of the zmount of em-
bryo factor than the other 2 criteria. This index will be
used in the subsequent parts of this thesis.

‘Tﬁo factors, viz., pH of the media and the temperature
in which the enbryos were cultured, were found to be of
great importance in influencing the growth of the embryos.-
These will e treated in detail in Chapter 4;

With the control of these various factors a satisfac-
tory blo-assay for the embryd factor was obtailned. The varl-

stion in the tests wos relatively smell and the results

1 1 N M~ P A ¥ P oy N i =)
by the followlng seriss of giperiiednts, whileh were conducted
- - X i S e S ~re o~y “ ~ - c
ove.” al i"@‘?l’}\_l_ i OV died S N VL
- 1 SO s =2 2 9 g b i i
In the fivet seriles, 2 sete of 10 enbryos esch, set A

ver cent scucrosge in place of Jdextrose in the unedium Jiven in
fable Al Thece peired eots constituted the guuliente con-
trols »f larier'‘tests. Tre medium wae buffered with 0.01
molar monosodium-dicotessiun ohosphate at approximately pH

5.3. Tre embrvos were cultured ot 32%0.5° C. and measure-
ments of the growth of the embryos were made after atout 2
2

. ] ive . 7ty Fal N Htmal W
duys. The averazge relative growths of the palired sets and

their differences are listed in table 8.



Table 8. eriability in the growth of embryos in 2
per cent sucrose mediun.
Poir % Vviebllity Av. relative growthr
no. oet A oet B Dilt. oet A oet B 1Tt
i 1 50 50 0 2.8 3.0 g o |
2 60 70 10 20 B P C.2
S g0 60 20 2¢3 2ed 0.0
4 20 0 10 2T 2.4 G
5 80 70 10 2.6 £2:+8 0.2
6 70 80 10 2.8 27 0.1
4 80 70 10 Jald Sed 0.3
8 90 80 10 2.6 2.4 0.8
< 50 70 20 2.0 2 0.8
10 80 60 0 5.1 2.6 0.5
1. 70 70 0 2ed 2.4 O.1
12 60 40 20 3¢9 2 I C.4
15 380 100 20 v 2.4 0.4
14 60 50 10 22 2.4 0.2
15 50 5C 0 R 2.4 0.2
16 40 40 0 Pt 2«8 Qud
17 g0 40 40 Ced 2:6 B
18 30 70 40 20 2t 0«2
19 60 90 30 Zub 2.8 0.1
20 70 80 10 2.3 2e3 0.0
Av. BE 13 Pab Us80
d Hereafter, the averase relative crowth of only the
viaktle embrvos will be presented in the tebles. Dead em-
bryos wilill nct be includedé in tre celculations.



The average difference between the relativ

<t

of the paired sets was 0.20, which was only 7.7 per cent of

~

the average relative growth of the 40 sets. However, the

relative growth values smong the individual sets differed

considerably, rangling from 2.0 to 3.4. This variation might

of mecsurement were not identicsl 1in all cases. Further-

had teen ~icked from pnlants srown under uncontrolled con-

ditions in greenhouses, might hove varied with the capsules

o 9 Gt @ wreedh Y g T8 e o b . - ok Q S R S
used. This veriability can ke seen from table 2, which pre-
3 Voo i o s R A = ]
sents data taken over a period £ 2 months.
r b Il % duiniy SR I, fal 1 N =
Table 8. Variability ic the rowth of exbryos fronm
dlfferent capsules.

; A TS i B an O RNy
Av. relgtive i n lenrzth after © days
2 ] ol C
Ug__'_)t.‘v’.—ne 0 & e -
- Rk P (9 =
e sucrosge k_l”Ji;_)S Dlllcw'sr}(,_oe
- R S 5 S [N e
[Slakikie goconut milk
ver vial
- = = £y )
i o) 4.5 ol
~ o -~ o 5]
T P e # -4:
Lo m N o
[} Loe O 005 .
o - ~ ry 3 4
:1. w6 el Ao
= O ~ @ ' B
IS Zre Q 4:- b e v:)
- - — P Ve
3 . e '7
ry i 4 1 =
‘ o ) 4o LeD
0
’»3 il- C’ 4:;6 KJ.Q
I 2 4,0 1.5
/ 4 &3
10 2B 4.4 1s%
By S
Average g




7.

The figures in the laet column of table 9 give a.

file

measure of the amount of. embryo factor activity in coco-
F L

nut nmllk when tested on a 2 ger cent sucrcse medium. h

values for the seme scmple of coconut milk, as tested on

)

0

1ifferent days, ran

1)<

ed from l.4 to 2.7. Because of this

s

variebllity in the response of embryos from different cap-
sules, a standard active solution, usually 3 drops of coco-
"ot hilk ser vial of culture medium, was included in each
test. Also included 1in each test were duolicate controls
of 10 embryos each. In this way, a satisfactory quantita-
tive value for the amounts of embryo factor in a given test
solqtion could Te obtained.

An idea as t o the quantitative variations which might
be expected from a tyoical embryc factor blo-assay could be
obtained from the figures in table 10. In this test a 2
per cent sucrose medium, which was buffered at pH 6.7 with
0.01 molar monosodi-m-dipotassium phosphate, was used and
the embryos were cultured for 3 days at 32t0.5° C.

Table 10. Growth of emb
concentration

different

Relotive Per Av. Coeffici-
Set| conc. of Ho. of cent il oy relative ent of
enbryo enbryos via- let growth variabil-
factop cility in mme ¥std.error ity

A 0 36 55 0.45 4.0£0.24 6.0%
B 1 10 o2 0.26 4.4%0.25 5.7%
C 2 10 70 0.44 4.5%0,40 3.2%
D e 10 60 ety B,2t0,.55 8.7%
E 5 10 50 0.50 B.1%0.21 8.1%




28.

Tbe relatively low degree of variation in the bio-
assay, which was performed under controlled conditions, is
shown by the coe ficienfs of variablility, which ranged from
5.7 to 8.2 per cent. Other tests showed similsar magnitudes
of variesbility. With e kXnowledge of these statistics for a

nalr of uncorrelated meazns one could calculate the standard

X' error »f the difference of the means, using the formula:

(8. B.

w
&3
1
w
&
K')
+
2

Tr-e absolute difference which was necessary

<

Tfor significance

between the means could then be obtained, using the equation:

Difference = "t" value x 5. E.
- Gl

According to Figher's "t" table, the "t" value for p = 0.05

is 2.02 and for p = 0.0l is 2.54 for 19 degrees of freedom.

Through the use of these ecuations the differences necessary

for significance between the average relative growth of the

embryos cultured in the presence and in the sbsence of em-—

bryo factor were computed and llisted in table 1l1l.

Table 11l. Differences necessury for sirnificance Le-

tween the aversze relative gtht%s of paire
of neans with different stondard errors.
5. E.7 | 8. B.o | Differences necessary for significsance
n = 0,05 p = 0,01
i 0.2 0.6 Q.7
062 Oad 0.7 09
e 0.4 Qs Toe




From the statistical data oresented in table 11, it
seéms that 0.9 may be considered a significant difference
between the relative growths of 2 sets of embryos cultured
for 3 days 1in different media. The threshold difference
for significance between 2 means will necessarily depend
upon the length of time of culture. The means with their
respective standard erroré fof Sets A and D of table 10
have been calculated for growth after 1, 2, 3, and 4 days
and are -given in table 12. Also included in the table ure
the differcnces necessary for signiflcance between set A
and set D after different lengths of time of culture. The
means for set A and set D with the respective differences
necesséry for significance between the two at the p = 0.05
level are plotted in figure 5. From the grephs one can

readily observe the significant differences in growth be-
tween the embryos supclied with embryo factor and those not
susplied with embryo factor. The difference can be noted as
early as after 2 days of culture. This criterion of sig-
nificance, ag expreesed in the last 2 rows of table 12, wili

-

be followed thrcughout the subsequent parts of this thesis.



SO.

18
S6°0 04°0 T5°0 83°0 TO*0=d |*JTusTs
FOT
*S80908uU
04°0 350 8g°0 330 S0 *0=d *Fetd
J0%927
ge8|eFr C| & L8188 0| 2'S)f T°S]81°0| 8°€ ©°gleo c] 9°1 ofaquy :a
@"9|898°01'8™ ©O°g|¥e 0| 0% E£°8|80°0 'Sl R0 0 ] 87T TOoJd3UCH 1Y
* I8 A 7 *IBA *IBA *JBA
orH@OO bm-m .\VJ«I o.H@OU QMOQ -»\VAW ..Q.ﬂmoo oMom o.>.¢ -MH@OO Qm-m ob.dﬂ Pmm
SAeD % SAeD © SAep g A8 T
J07J8 UaMOJ3 oAlleTod *AV
*9JaN3TNO JC SA®P,IUBJIoJITD 40372 YjMoad oLaque UT UCTIBTI8A 3T 9TdB]

. \@ ey 4




TF gm
: o i
1 0 i
i ] 1
I L
T T 1 T T
1 I 1
H | L4 ! } !
T i T T
e ] - & i I
T T 1 T B s 6
T _ : ‘
Ll - ] 1 4 -
i u 1 & g * »
T
EEREE i 1 £ T
T 2 W B I
L} I
T | I 1] RN~ B8 R
3 — my 1 w l i 0 18 it ] ENEE e
- L ! iE i ] AENUNSERED .
naEm Ty =8 1 18 S SN S ENEE N . 1]
ey 1 1 -
J L1 WNEEEWS 1 ' »ﬁ 1 A M
T [ { 1 i
I ¥ I I ] 1 ] RS 1
+ i i i “ ﬁ_ 1 W .__M = BEW G Esnous .
= HHH T T HH S i AEERASEEUS ARREE RS
T H 1T 11 1 ! H I 5 | e ] T i 0 S
I I 1 T T I 3 I
M N I o EaRaLS 1 ! u ! : - ——
1 O mEERE NN . ! 1 15 W T T I = :
I 5 mERs I I 1 $ ! 5 I
= =k S EEE 1 ] ] 1 3 1| AEENENE
1 1 I 1
ItT ) I 1
o . T T m n v T TNEY it
il SmEnD . NN SENDRNEE L i = 1 W NS E
0w H % + hy
BEEEUNEEEN ENEERENEN x N HH 1 i SESEE smEns as !
T 25 mEE 5 =
¥ 1 FES §EEE! e 1 "o Y nunng
+H EEESEERNER ! B 8 Sen y L v nEa
EEER T . NNEES SRR -
_ _ 0 | ;
.ll\.|‘ ~— -4 o _ E et 1 W - 11' AW E 3
I f I I 1 = T B EEENE ZRAus
i = | m! i i I !
EEEEE s S L+ ISHSEEEE N &5 EE N S w:.i N\ T
EmuE o EENEN REESY HAK I 1 I 1 EREEE N T 1 I il JRA 2> T
! 1 ] I L L A -
! 1 1 1 ANEEE R T INEES RSN S 2 5= WEEE. \ NS - !
| 1 R | [ | 1 11 SHEERE
1 f i E S I t 1 H T T i
) 1 I TR T T T rr HHHHH 1 1 I L] N 1
L] ) - = = & 1 1 411 L ! -1 | + L ! - .
N 8K U N N I u O T T . IS B (N A,
WO u 1 1 T 11 I8 BN 1 niEs L
1 I 1 nmny ¥ i 5 & I e N i 3 1 N\ 1
T 1 T T T NG
R 1T & 1 1 by
i m 0 1 0 , e N Tl b L] KBRS
0 wm ! r ¥ o .
bl 4 +44 | BNENE hut NEEERENER
1 , B 3
b1 R - 1 + -+ 44
i I
T
SENEE NN L Lt LEL Rl ES T B T EEESNEEE (Ews EEEnE I 00 1 f::lw )} N
aEeE LITeN u s e . - i | s T
um 11 3 I & Ewin 1l HHH ERR~Cannr
T .
I i i I T ! wE
EEBEBUEES EEES BEEE 1 NN N
gssgsiesss aas SEEEESEEaEaE SESEsaEasaEs
. - 2 xm 1 R BN B 1 - L -
_ i _ : : w i " :
1 Il } I EESS ]
1 H i I = .W 1 1 I
ERREa e - E2E ] H W I H HH 4 A
T i 11 T yF N 1 !
1 T 1 1
. 0 n I L I T { o L 1 I
1 y EEE ! - 1
MEN AN b T T
1 T HE EEi T
I N ] f T u I NS W
L] l 1 e I I O O O
. RN NS i 1
g ! i
SSEEHAUR =S STASS o 0 AEEE I I T W AR T
! . =N sER EES i i s 5 e i
ue ! = I8 i SN ) 8 6L A
I I D M [ 1 I
EE 1111 - - - B
FH - HH nuE NS NS i 1 amuERea
0 ENNEENEE 1 1 T SRS “ I
H N T T 1 T 1 T 1 I t I pr T | O CELE 111
5] L I I 1 | AN TEn@0 WS N 0 1 EL . i




32.

Environmental factors influencing
growth of Datura embryos

a) Temoerature.

Erkryos, which were 0.25 to 0.85 mm. in length, were

grown in & 2 per cent Joxtrose medlum (2 per cent dextrose

t
cE
g
[
o
(&1
]..Jn
ct
[_._
o
e
()
=5

table 1) with and withou embryo factor.
The growth status of the embryos wrown ot different tem-
veratures for different lengths of tize are shown in table

1é and plotted in figure 8.

m.. 1 -z PRI £ T | o By I B I
Table 13. Growth of embrros at Gifferent t
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Relative | Per -
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The data show that the embryo growth incressed repid-
ly with increasing temceratures up to 32%¥ C., where an on-
timum wes reached. At 17° C. the growth wsas eqgually poor
in both the ypresence andé the abeence of embryo factor. A

timulation in the Lrow

NaELE PP AT T QT P o s atirvmae PoiisTal g
enbryo factor wus maried at the ftemperstures favorable to

optimal embryo srowt It must be vointed out, however,
that the embryos used in thils test developed in the dex—-

trose medium alone. This 1s an exception to the usual
ailure of embryos %o grow 1n the dextrose control medium

and will be treated in more detall 1n the Discussion section

b) pH of medium.
Preliminary teste on the effect of the oH of the me-

dium on the growth of Datura embryos 1ln vitro were conductec,

=

During the early experiments the following buffers were used
in 0.01 molar concentrations:

1) sodium citrate buffer for oH 3 to 4, and

2) ménobasic—dibasic ootassium phosphate buffer for

pH 5 to 8.

In the cultures buffered with the above mixtures only a few
of the embryos developed. The growth was very uns:.tis-
factory even in the presence of embryo faétor. it was
found later, as shown by the figures of table 14, that a

1 o

0.01 molar dipotassium-monosodium ohosphate buffer did not

affect the growth of embryos adversely.



ffect of KgHPO4-NaHoPO, buffer on the growth
f Datura embryos.

— e

Tsble 14, E
o)

Per Av. relative
Westinm oH No: of cent - growth
) embryos via— after
) ) bility 2 days
29, sucrose
-+ buffer 5.4 1.5 60 2
~buffer 52 15 40 2.4
2% sucrose
+ 3 drops of
coconut milk
per vial
4+ buffer Ble7? 15 67 4.8
—-buffer 55 15 80 45

Through the use of this buffer the following series of

tests on the éffect of pH on embryo growth was conducted.
Embryos about 0.2 to 0.8 mm. in length were grown in

a8 2 per cent sucrose medium which was buffered at pH's rang-

ing from 5 to 9. The data were compiled from experiments

extending over a period of several months. The JH values

7]

la at the

(23]

¢

given 1n the tsble represent the pH's of the ne
time of the final measurements, which varied tetween 36 to

48 hours of culture at 32£0.5° C. The pcercentage viabillty

and the average relative growth of the enmbryecs, which de-

e

veloped at the various pH's, are presented in table 15 and

figure 7.



Table 15.

Effect of pH on the growth of embrycs in
2 per cent sucrose mediun.

J

(@)

Av. initial Per cent] Av. relative
m 3 i) .
PH Test no. length of via- growth
embryos in mn. bility
5.0 421123 0.31 0 -

(97}
(6)

n
(Xe]

o
=

(o)
.
m,m

i)

€

5760
421207

421123
421207
421103
421119
421123
421130
421116
42182

2l 18

H>
0
}_J
™)
*__l
0

421212
421212

421217

0.41
C.31

0.34

(8 C C
. . L]
(@) | A
(@) (9] )]

@
49
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A
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Table 15. (Continued from previous page).

Av. initial Per cent [Av. relative
oH Test no. length of via- growth
embryos in nm. bility
6.6, | 421217 0.33 70 2.7
6.7 421126 0.35 60 2ol
421210 0.35 g0 243
421210 . 0«35 50 3.0
421210 0.44 60 2.4
421210 0.43 70 2
430104 0.47 70 2o
6.8 421130 0.38 30 2066
421203 | 0.34 40 28
421203 0.33 . 80 5.5
421210 Qo7 50 2B
421231 0.32 90 3.4
421231 0.38 90 - £ ok
6+9 421207 s Bl 50 3.0
430106 - 0.54 60 210
450118 .O.5l 70 2ed
430119 0.28 50 2.8
7wl 421215 0.34 €0 e
450111. 0.46 50 T
430113 | 0.36 90 2t
430118 0.43 50 2.4
7«2 421130 0.34 60 - 245
7.3 421210 0.38 80 2.4
843 421215 0. 32 . 20 v
849 421110 027 0 Em—

A\
~J
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From the data, it is ap-.erent thet the hichest cer—
centaze viability and the fastest rate of growth of Daturs

embryos during the first 2 deys of culture in vitro in the

2 per cent sucrose medium occurred between pH 6 to 7. Wheth-

2

‘er embiyvos and

ke

Jc

er o dot the same optimum applied to lar
whether 1t apolied to embryos grown in the presence of em-
bryo factor was determined by tﬁe following test. EhbryQS‘
about 0.35 ané 1.0 mm. in length, respectively, were grown
in a 2 per cent sucrose medium, which was bﬁffered at 2 pH's,
with and without the addition of embryo factor. The final'

measurements were made after 2 days and are given in tsble 16.

Table 18. Growth of embryos of different sizes at 2
pH's. :

Average Rel=tive Per
oH length of conc. of cent Av. relative
embryos erbryo via- crowth
in mn. foector bility
Db 0.35 0 30 2.6
C.36 4 40 Ee2
0.39 B 50 4.1

6D
9]
(@
(oM
(@
(@]

50 3.1

0.38 ki 50 3.5
0.35 5 70 4.6

5.7 lek 70 E (8

= (@]
©

70 2.0

l._.l
o
a1

i, Z»

(®)]

" 8.7 w82 ¢ 100 28

}_J
}_J
H

© 100 2

w

O
<
O

40 Sed




The data clearly show that the larger as well as the
smalleg embryos responded to pH differences in the sane wav.
Both groups of embryos grew better at pH 6.5 than 5.8. Fur—

thermore, the seme pH response existed in thre oresence and in

All of the previous tests on the effect of oH on em-
bryo growth were terminated after 2 days. The question as
To the effect of the pH of the nedium on the continucd growth
of the enbryos was investigeted in the following experiment.
Embryos, which were 0.25 to 0.5 mm. in length, were grown in
-

the 2 per cent sucrose medium with and without the =ddition

of & droge of ccconut milk per vial. The mediun was buffered

~

o % A . O]
nt pH's. Each set consisted of 1

5

= 4

dirfere

1§

3 T o b}
embryos, which

W

o
Cu

were cultured ot 32%0.5° C. Illeasuremente of the length of

the embryos were mede on 5 consecutive days after the i1so-

ot}

lation of the eunbryos end the embryos were weighed after 11

v

Gaeys. The data are given 1

-

1 table 17 and figure 8.

Table 17. Growth of embryos at different pH's.

Per Av. wet
Mediun pE| cent Av. relative growth wt. in

via- L da«|2 da«] 3 da:| 4 da:| b da« | fig. aft
Pllilty 11l deays

v

a

=g

2% su-—
crose + el 33 1.4 2+0 B0
1
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As in the case of the vrevious tests, the optimum pH

VRS

o

during the first 2 days of growth was around pH 6.38. How-
ever, after 4 days of growth the pH optimum changed and the
enbryos which ori 1gd 1%11J grew slowly at pH 5.5 finally out-
arew the embryos cultured at the more alkeline pH, despite
the tetter start of the latter. The coor growth of the em-
bryos &t pH 5.1 was expected from the results of earlier
The possibility that the decreased growth at the higher
oH was due to the difference in the ratio between the sodium
and the gcotassium ions, which were introduced with the buf-
fer, was eliminated by the results of the following experl-

ment. Enmbryos 0.2 to 0.4 mm. in length were cultured 1in

()

2 per cent sucrose. media, which were buffered at pH © and
? with the solutions listed in table 18 in 0,01 molar con-
centrations. It is to be noted thet £ buffers were used

a high sodiumipotassium ratio, while

QJ

for each pH; one ba
the other had ¢ low sodivmipotassium ratio. & drops of

coconut milk was added to each vial &nd the embryos were

cultured ot 3240.5° C. The results are shown in table 13

It can be concluded, therefore, that the pH of the
mediun and not the ionic ratio between sodium and potossiwm
vwes trhe important factor in influencing the growth of the

embryos. The rapld initial rate of growth at rH 6.3 was

followed by a slowing down, while the slow initial growth
at pH 5.5 was followed by a subsequent rapi & rate of growth.



This weas observed whether the medlum was buffered with a
solution with o 1 c high il

=
Q
ct
*_J-
O
»

Tatle 18. Effect of different buffer solutions on
the growth of Datura embryos.

Per
Buf- ~ " .| No. of ent .
moosition H : : Fe "1 crowth
rep | COMPOS P enbryos 2% g Av. relative growth

bility| 2 das|8 das|B 8.7 das

32 &8 4.0 88 | 152

O1
(O]
-
(@]

B 1OCC-lLKQI{PO[ 6-9

1 ol 6.2 o8 .0
BRCs LJoHnPO4 e fe * - e .

c (13000'3’%\‘8{”}{?845.7 13 62 | 2.3 | 3.7 | 7.4 |13.5
OOC Llﬁ.Aa. 4: ‘

BOcc.mhaoHPO ,
D l C-J.J.Iq-l PO 4
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emical substances
h of Datura embryvoes

During the course of this investigstion the effect

o -
—h

different substances on the growth of embryos was tested

(@)
Lo}

thege, onliy sucrose and suxin were found to be beneficial,

8 will ©Te discussed in chapter 7. Other substences, which
are 1listed in table 19, showed very little or no effects

tured in vitro.

tances ingctive 1n promoting the growth

Table 18. Subs %
of Datura embryos in vitro.

@
o
1

oubstance” Medium Conc.per culture vial

KCl1 - C.P. .+ | 2% gextrose| 0.COLi to 0.03
- C.

wn

e| O

P. 2% dextro 001i to 0.03y

Hoazl:nd's ninor elements| 2% sucrose 0.1 to 100x original
lannitol 2¢ sucrose | 0.01 to 0.1%

21 ~7 - ik

a-Geluctose % Gextrose]| 2.0%

lizltoce ' Oﬂ dextrose | 2.0%

= « - ~

d-Luactose 0% dextrose| 2.0%
4

o R P r

d-kiannose 0% dextrose| 2.0%

b 5 . ' A s !

iiellibiose 0% dextrose| 2.0%

A o e

Xylose 0% cdextrose| 2.0%

. ¥ ~ - !

d-arcbinose : 0% dextrose| 2.0%

7
2. O{O

6]
D
(@)
2

O
()
A
P
o
>3
o
w
()

Lyxos

>

Dextrose 4 l-rhamnose + p 4
amygdalin 2% sucrose Q.27 of esgoch

(Continued on next page)
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Table 12. (Coptinues from revious cage).
Subgtance Mediun Conc.per culture vial
d-ulannose 4+ d-arabinose ;
-, y : v
+ arbutin 2% sucrose 0.27% of each
Maltose + l-sorbose
. Ea -
+salicin 2% sucrose | 0.27% of each
—Gluoo~v“1ne + d-galsctose
+ esculine 2% sucrose | 0.27% of each
d-Lactose 4+ d-fructose +
\ - i oo 7 -
phlorigzin 2% sucrose 0.27% of each
d-Arabinose 4+ &methylglu-
cosicde + &-methvl-
mannoside 2% sucrose | 0.27% of each
- % i ) 1 ~ i Vs T
Phytic ecid 2% dextrose | 0.0001 to 0.05K

Mixture

XC;- L»ﬂﬂ‘ e

{ypoxant

‘dl-methionine

of:

glutamic acid
l-aspartic acid.
1={=)}=leueine
d-valine

dl-gerine od,

e

(—)—cro‘lle

',]_Eililﬂe
dl-cysteine

.dl-isoleucine
d“—norTeaonfe

dl.. ;C"V lc & e

l‘(-)—L"orox/;loline
O;,‘/’f

hine 2%

sucrose

sucrose

0.00003 to 0.25%
each

of

(@)

0.01

/

evoewwlehtu.

1y eyt J T AT
The author is indebte
- Y ol 5 S TR
né plyvecosides, whic?
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A casuzl investigation was conducted on the promot-
ing effects of various natural extracts on the growth of

Daturs embryos in vitro. The active extracts are listed in

D

table 20. They were obtained -in the ‘O7lOW ¢ way.
¥

1) Coconut meat extract: 30 g. of fresh coconut meat

=

was ground in a Warlng blendor and shaken mechanically with

70

400 cc. of 50 per cent ethyl alcohol for 2 days. The slco-
hol extract was evaporated to drynecs at 50 to 60° C. 1&
vacuo uid the residue (l.O‘g.) was taken up in 125 cc. of
water. One drop of the filtrate wae placed in each culture
vial for the test.

2) Datura ovule extract: 16 g. of fresh Daturas ovules
from 9 capsules about 14 days after collinstion was macera-
ted in a mortar with 1C0 cc. of water and left overnight in
.the refrigerator. The filtrate was concentrated at 50 to

)
60° C. in vacuo to 1/4 o

L)
1...4
ct
w
Q
Ly}
(SN

{ 7:

>inal volume. One drop of

each culture vial.

"_l.'

thig concentrate was placed

3) Daturs ovule water diffusste: 8.8 g. of fresh
Doturs ovules about 14 days «fter oollination wae placed
in o Tlacek and covered with 58 cc. of water and Leot in the

refrigerato /,boﬂt 4 jeys. 308 cc. of Y6 cc. of ethyl al-

A

cohol wos added to the diff te and the mixture filtered.

o o B = (o]
The filtrate was eveporated to drynese at 50 to 607 C. in

36

vacuo end the residue taken up in £2 cc. of water. 5 drops

of this solution was added to each viel for the test.



Datura

48.

4) Dature ovule alcohol diffusate: 37

. of fresh

09

ovules was glaced in a flask and covered with 125 cc.

O wer cent etVVl alcohol &nd kest . at room tem weratures

[N

2 Cays. The filtrate -was evaporated %o dryness at 5O

-
tions of purifiled diethyl ether.’ The weter fraction uas
evaporated to dryness at 50 to 607 C in vacus oad the resi-

; gosy MR
due faen ur in 37 ces of water. One drop of this solutim

2 A S 4 . % x5 X win & s T3 < [ ¥ S
Waes «xged tH eopel eultire visl for the tost.

5) Wreat gernm extract: 30 g. of vhest serm (Horton

< =2

and Converse Co, of Los Angeles) was soated in 100 ce. of

dietilled water for 4 duys. B850 cc. of 95 per cent ethyl

.and the aried residue taken uo in 490 cc. of woater. 5 dros

of trnis solution was a«dded to each culture vial.

6) Almond neal: 20 g. of powdered alnond meal (S.B.

Penick and Co. of New York City) was soaked in 200 cc. of

dlstilled watler znd left in the refrigerator for 2 days.
One &ron of the filtrate was added to each test vial.
7) Yeast extract: Difce yeast extrect powder was
euspended in woter. An alicuot of the T1LlTrate wWes wu-
.

(6}
L
w
[
&)

oer cent sucrose culture medium at pl

- s 7 e aodsia e s
g finsl coacedtpa i

wn of venst extract in the medium

. i o - 4 " " - 1 i ! — = 3
O3 arr cent. Tre vigles were then autoclaved znd used

v .

All of the above extracts showed sctivity in gromot-
! 8 &



Datura embryos in vitro. Little or no

hal
“
———

embryo growth-promoting setivity wus found in honey, dor-

mant apple leaf and flower buds, gotato sprouts, bean sprouts,

cotstoes, lemon pulp, corn meal, lemon peel, urine, and cas-
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Chapter 7

Chemical studies on embryo factor
in coconut nilk

a) Preliminary fractionation of coconut inilk.

Tre medium used in the testing for embryo factor
vity in the fractions oot ined during these preliminary frsc
tionations was the 1 per cent dextrose medilum, given in table
l. The embryos were necsured after coproximstely 2 days of
culture at 25°¢1° C. As shown by the data in table 21, the
embryo factor, as tested on 1 per cent dextrose medium, was
insoluble in ether from both acid and alkaline ext ?vOu‘aqs,
butyl alcohol, ecetone, ethyl acetzte, benzene, carbon te,ru

chloride, and pyridl: but was soluble in water and 80 per

cent ethyl alcohiol. It was not adsorbed by Norit A, fullers

Dy
=
[¢]
€A
o
)
(=g
=]
1=
i.J-
L
[
=3
j—

earth, Lloyd and Co.), 60-100 mesh
florisil (Floridin Co., Warren, Pa.), 40 to 60 mesh deoaiso
(Air Conditioning Co., Los Angeles), and clunina (llefford
activeted oluming).

Fractionation of coconut mllk, as tested on
1 per cent dextrose nediun.

. A

70 V1ia- AV. I'el&T1lVe
Ckhemical tre ent Fructions bility growth
Original soln. o0 2
Acigd ether extraction Ether 0 S—
Baslec ether extraction Ether B 9 S
BuOH extraction Alcochol O ———

(Co ued on nextb




(9]

~

Table 21. (Continued from orevious page).

fiLe]

Av. releative
arowth

Chenmical tr

=Nl

"
ct

ment Fractions

()J \(1 A

[_I-

= <

I_lv }.h

ot
[ &4

Acetone extracticn Acetone

O O
|
i
|

EtOAc extraction Acetate
Benzene extraction | Benzene 0 S
GClé extraction CCl. 0 ——
Pyridine extraction Pyridine §) e

<7 » g X ¢
80% EtOH extraction Alcohol 80 1

Original soln.| 20 . Bwd
Norit A Filtrate 100 259
Fuller's earth Filtrate S0 i

0
Lloyd's reagent Filtrate 80 24

Original soln.| 80

Decalso chromatogram Filtrate 90 Bet

~Jo

Florisil chromatozran Filtrate o0 1.9

Alumina chromatorram Filtrate 60 1.8

)

b) Sucrose

.

C
.

In view of the correlatieon in fractionation iehavior
between thrhe embrys factor «cind sucrose, exseriments on the
effect of esucrose on the :rowth »f embryos naturally sug-
gested themselvees. Indeed, the stimulctiug effect of suc-
rose on the pgrowth of embryos wae demonstrated through the

following simple experiments.

In the firet experiment embrrvos hetween 0.35 and 0.45

o

mm. in length were cultured in & 2 gper cent and an 3 per

-

cent dextrose and sucrose nedia, resscectively. The sup-
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plementary vitamins, ag:r, and inorganic salts were added in
each case. Final measurements of the growth of the embryos

were made after 2 days with the following results:

)
o

Tcble 22. Growth »f embryvos in dextrose and sucrose

Medlum Fer cent Av. relative
viablility srowth

29, dextrose 20 1.3
2% sucrose 80 1.6
8% dextrose 0 —

8% sucrose 90 1.9

The second experiment which demonstrated the growth-

cromotin

effects of sucrose consisted of the growing of

12

embryos, which were 0.3 to 0.5 mm. in length, in a 2 per
cent dextrose :nd a 2 per cent sucrose rmedla, respectively,
each containing 4 drops of coconut 2ilk ser culture vial.

o

The growth of the embryos wae essured after 1, 2, ang 4

Tzble 26. Effect of sucrose on the wrowth of embryos.

) -
Per cent
Y - s e . 2 g SpC e .
liediunm via- Av. reloctive wrowth
A o I R A Aaar
) cillty 1l deylZ deys |4 days
B - - EIR ;] A I'a) > V)
lr}lu Sk t:.(_){" + CooDmat S . 8 E-/ S e ‘:l5
¥ - ¥ ~ e 1 ~
Pox BuCrose < Gaeonut mELx 20 Tut Cot PO
= 0 e K R Vi L B i o~ o
Froa the sbtove uet t is obwlous thaet the srowt Xi

the evbhryos wae etizvleted T the vresence of suiCrose.
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o
L
.

. i o8

&nd neasrly twice as & percentezze vighllity
- SO - 1 — e | (3 A o T 2 e &
e those cultured in dextrose uedium. The sanie resconse

vos seen both in the presence ané the absence of coconut

To determine the reépcnse cf embryos toc different
sucrose concentrotions sgné different pH's the following ex—
serinent wee conducted. Eutryos, which rere hetween C.2
and 0.45 mm. long, were cultured in uedis containing C.9,
1.8, 2.5, 3.5, 3.9, and 7.7 per cent sucrose, resscctively,
e place of cdextrose in the 1 cer cent dextrose medium
given in tuble L. The pH wus zdjusted to an initial value
of 5.2 and 7.0, respectively, with sulfuric scid and potds—
slum hydroxide.: At the end of fhe experiment the pH's of
the medls were messured wlth a Beckmann pH meter ond the

values are given in table 24, together with the srowth of

According to tre figu

Ly

e

m

civen in the table, the op-

timum concentration of suerose included « wide range between

1 and 5 per cent at pH 8.4. Nc growth ¢t (F 2.2 wege ob~

tained . ith &nr cencentration of sucrose.

Although the embrvos grew very vell ia the presence

Il

sucrose during the first 2 Gays of eulture 1t was found

Fad

0oL

ubetances beglides sucrose were needed in the

£t
Iy
(‘4
t
Q
t
£
D
=
wn

basic medium for the corntinued growth of the embryos. Un-
like the embrros supplied with coconut milk those cultured
in the 2 ger cent sucrose medium alone socn ceased grouth,

-

as 1llustrated in table 25, &and figure 10. In this experimen



embryos atout 0.35 mm. in length were cultu

’J
&

(oY)
-
2
B
»
(@)
'_IA
o

ea

without the addition »f an active solution (stock D).
In this respect, the greph in figure 11 is also pert-
inent. Here, the average fresh welght of the embryos cul-
tured for 11 daye at 32°%0.5° C in a 2 per cent sucrose med-
ium at pH 6.3 1s plotted against the relative concentration
of embryoc factor zdded. It i1s to be noted that the weilght
was a linear function of the embryo factor concentration.

Furthermore, the welght in the absence of embrys - factor was

very low even at the optimum c¢oncentretion of sucrose.

A % T e - U< o PO S ~c A o4+ 9 ~a

Table £4. TEffect of different concentrations »f sucrose
x 1 = - < ¥ = Y (o) o B I
on the prowth of embryos &t pH B.Z2 and 6.4.

Per cent . Per cent Av. relative
SUCrose - viakblility crowth
= ) = =
e O @ » Qe Lt ———
B 4L § .
~ ~ .
e 5 Cilte B.2 O —_———
~ < 5
80 b JO e
: - o 3
l.’.s G . Jur, _L(J .;_-L)
., o & e
f}n o] ¥l o o 0
2 T = ol ~
20 | Ga. 335 0 -
oA sl = ez
e fx o sk 1
Sals Qiiw Dl 0 e,
= ] i) O 4
S 70 ZPr
i ‘/ _:
C-u Clu;',- S‘»('u 1\-) 1.L/
e.4 3¢ 2.5
N ¥ ~
't G v 55w O _———
o 7 o) )
6.4 10 2




able 25« Growth of embry«
pregence and th

o8 In sucrose medium in the
e ckesence of stock D.

.
iedium viability 2 days

0.0% sucrose, no stock
0.8% sucrose,

2.4% sucrose, no stock

=

O

N
ct

O
O..
(] o ] w)

H s
(&) O
[l =
(G} o
IAV] (@)
6] O

1
4.8% suerose, no stock

© sucrose, stock

o) D
O.8% sucrose, stock D 70 B8 B+
2.4% sucrose, stock D

D

4.8% sucrose, stock 100 D7 Tek

'During the course of these investigations, it was
found that the response of the excised embryos to sucrose
could be decreased to zero by Xkeeging the capsules off the
plant for several -days before the icolation and the cultur—
ing of the embryos. A tyolcal investigation 1s presented
below. V

A capsule was picked from a olant in the field and the
ovules were removed and placed in a sterile Petri dish in
a moist chember at £3° C. Ovules were token randomly from
the dish after different lencths of time =2nd the embryos
were isolated 2nd cultured in a 5 per cent sucrose medlun
with ond without the =ddition of cn active sclution (K-2)s
The growth of the embryos, which were inltially frorm DD

~

to 0.8 mm. in length, is shown in table Z6.
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considerable growth in the sucrose medium even in the ab-
cence of K-2 during the first 4 days of culture. After ag-
ing for a single day the growth of the embryos in the suc-
rose medium without K-2 dropped to a very low rate. No
crowth was obtained when the embryos were aged for 4 days

or longer and grown in.the 5 per cent sucrose medium without
the addition of K-2. BSimiler embrvos, however, qrew.very

nicely 1in the sucrose mediun when K-2 was added.

Table 28. Growth of awed enbryos in 5% sucrose mediun.

= X /

o
2N

Medium Per cent ' Av. relative growth
aging viabillity 2 days | 3 days | 4 days

0 day no K-2 60 Sl - 3.4

4y

o0

X-2 50 g ——— 4.3

1l day no K-2 40 T 1.3 _—

-2 80 -— S s
4 days no X-2 Q s — —
K-2 70 18 —_——— ———
B days no K-2 0 S e —
K-2 70 2R o ey

¢) Growth inbhibitor .

2

One of the chief gdifficulticee encountered in the use

Qs
Lo
=

of the blo—-assay described the srevious pages leg the sen-

sitivity of Datura embryos in vitro to growth inhibitors.

c:
=

+1

Cften, & solution which did n»t promote the growth of the
erbryos did so after certain chemicsl trectments, whereby

o

the zrowth inhibiting substances had been removed. The
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presence of a growth inhibitor was indicated from the ex—

periments on the effect of sucrose on the growth cof Datura

st

embrycs in vitro. BSucrose (Chemical Co., C.P. grade) was

|
:

vetellized from a B0 ver cent ethvl alcohol solution.

“

Tre oricinal and the recryetallized sucrose were £6led, re-
spectively, in plecce of the dextrose in the medium ziven in

table 1. Enbryos, which were 0.25 to 0.55 mm. in length,

Table Z7. Growth of embryos in recrystallized sucroge.

Conc. of Per cent Av. relativg
sucrose visbllity growth

0.00% sucrose 0 e
1.0% C.P. sucrose 0 e
q 7

. 3% C.P. sucrose 40 ‘ 1.3

¢, C.P. sucrose 70 T B0
% C.P. sucrose B0 1:8
“ recrrs. sucrocee 10 Le/8

Zs0% recrys. sucrose 40 1.4

I_J

~ ~
4.4% recrys. sucrose 30

W
B
A

©

O
9

. 8% recrys. sucrose

The flgures for the ni~rooyisic.ilssd sucrose
e. sharp drop 1ln the relative growth »f the embryoe cultured
in the highest sucrose concentration of

decreace in the oercentage 57 viable embryos peralleled this



-

decrease in relative growth. An ldentical drop was not

-

obtcined in the embryos, which: were grown 1n media contain-
ing recrystallized sucrose. This, of course, could be ex-

ola

m

ned on the baslis of the removal of a growth inhibltoer

from the sucrose througk the recrystallization process. In-

®

& no inhibitory effect wee obgerved

F
(=5

s much n the low
sucrose concentrations, the C.P. sucrose was used for the
culture media of subsecuent blo-assays.

A sinilar inhibitory effect was 2lso found in pre-
viously zctive extracts, which had been auvtoclaved or heated
ot 60° @ for a few hours. Data for a typical experiment of
this nature zre shown in takle 28 and figure 12. An active
extract of Datura ovules was added to a 2 per cent sucrose

were N .
medium. Half of the culture vials wss sutoclaved and the
were p e on ova 3
other half wes not autoclaved after the addition of the
extroct. Emnbryvos, which were 0.25 to 0.6 mm. in length
o = "y i D b ;) 3 e, e s 5 = 5
were cultured o8t 32X1° C and thelr growth was aeasured
after £ 2l & days, respectlively.

The crowth of the embrvos in the non-zutoclaved ovule

extroct lncressed with increcsing concentrations up to 1

éros per vial, st which so0int the gro rarsinel "1oPre or
= S S R S = Y L % e 3 = ,1‘1 ~
lecs coastant. However, in the cuse of the autcclaved ovuse

extraet, the .srowth of the embrycs incrensed w to & con-

; _ . W T el Sriged Sl bl Rl
gentretion ¥ sbout 0.5 to 1.0 drop ey vial, after which

tract appeared Lrown end trensosrent, desolte thelr srowth.
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Table 28. Growth of embryos in sutoclaved and non-—
autoclaved ovule extract.

" 2 :
- e o via- Av. relagtive growth
CIEE, BT B Billty 2 days S _days.
Controls A 60 2+2 B+ D
(2% sucrose) v
50 Pl Bad
Not autoclaved
0.25% 70 27 4.4
: DB 60 2l 4.7
10 80 B O 5o
le B 20 e 5.0
2.0 . 80 B . 5.0
Autoclaved
D« 25 40 e 36
D5 70 246 4.6
1.0 50 2.8 442
1.5 80 ] 3.8
2.0 50 ' 1.5 1.8

The embryo growth in the vials containing 2 drops of auto-
claved extract was far less than even that of the controls.

Some of the inhibitory substances could be removed by

o

extrsction with ethyl alcohol and butyl azlcohol and by pre-

(@]

sy
1
gt 18

cipitation with lead acetate. Supporting data for this
statement are lncluded in table 23. In the first experiment
100 cc. of a coconut milk concentrate (c), which was obtained

-

by concentrating coconut milk &t 55°-80° C in vacuo, was

# 10,25 drop" per vial means: The extract was dil-
uted 4 times end 1 drop of the diluted solution was added
to each culture vial.
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shaken with 350 cc. of 95 per cent ethyl alcohol and the
supernatant liquid decanted from the pasty residue. Both
fractions were evagporated to dryness in vacuo at 55 to 60° ¢C.
The drled residues, which were aporoximately eqgual in weight,
were taken up in equal volumes of water for the test. Em-
bryos, which were 0.5 to 0.8 mm. in lenzth, were cultured

in a 2 per cent sudrose medium at 25%1° C.

%7

In the second experiment 15 ce. of coconut milk con-
centrate (B) wos shaken 2 times with 100 cc. portions of

butyl alcohol. Two ger cent of the dry weight was found in

[..J

the =lecohol fractisne Both alcocho

and water fractions

were eveporated to dryness in vacuo at 55 to 60° C and the

O

residues were telken up in ecual volumes of water. Embryos

Q.

1_\')
o

5 to 0.5 mm. in length were cultured on a 1 per cent
dextrose medium for this test.

In both of the above fractionations the residues,
after being separated from the solvent, gave a much higher
growth than the original extracts. In the flrst experl-

ment the addition of the alcohol fraction to the control

medium stopped the growth of the embryos completely, which

-

gave considersble srowth in the sucrose medium alone. The

assumotion that inhibitory substznces were precsent in the
slcohol frection is, therefore, logiccl. In the second ex-
periment the water fractlon remsining efter the extractlon

with butyl alcohol oromoted a much higher rate of growth

then the original coacentrate prior to the butyl alcohol
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Table 28. Removal of growth inhibitor by ethyl and
butyl alcohol

Treatment Fraction Lk £ Fla- |[AF- TElative
_ per vial bility growth

Lthyl alcohol Control : :
(2¢5 sucrose) —— 100 1.9

Alcohol 1 drop 0 —_——
Residue 1 drop 100 4.3
5

Butyl alcohol Control
3
(1% dextrose) —— 0 .

Conc. B 1 drop 5

1
2 drops 80 2.4
2

4 drops 90

(O]

Alcohol 1 drop

Q
Q
B
@]
(%
(6]
O O O
i
|
l

Water 1 drop 90 | LM
2 drops 180 4.2

T - PamMov et ot
e Way to Penove 081t I

o . o i £ 0, B o i s e _a
ibitor wmee found to Le the orecinitetion with lesd acetate.

~ = ey X e * ‘ i 33 & - @ S Ly 87 Y -~ A radngare A e
The toxic srinclsle wie orecipiteted, wiile the subrro fae-

7 1 4 4 L1 1 s -~ - &
topr ek ef € tions A Troienl rificetion schane ig
- 2 b T P o 2 2 2 1
Aven e e L T. THe stertin terial in this
. ORI X = = LA = ;o T N e i -1
froctionation wrs the residue, which resulted from the




E ™ - . T M- < PN & oo ofs W . & i TR 8 & %

ethyl szlcohol. The frocticnatlion incluced Tirst a Jre-
L | ey ; - - - N = ! 1. - s i~ el o 5 o

cipitation with lezd =zcetate (Merck, reagent srede). The

lead ions were then removed through a series of steps 1in-

Nl

2 G81ltion of excess sulfurie scid wg

©

veolving the

trection of the embryo factsr with €8 per cent ethyl alco-
75 the embrro factor wes g:acigitat:d from th
Datura embryos, which were initially 0.15 to 0.4 mn.
in length, were cultured at 32%1
medium, to which different aliguots of the different frsc
tione were uzddéed. The growth of the embryvos ofter 2 days

is ziven in takble 30 and figure 13.

(@]
(@)}

C in a 2 per cent sucrose

From the graphs in figure 13, it can be seen that the

grap!
enbryos which were cultured in media contalning the lead
pregipibate froetlion (L) were nmarkcdlr suppressed in thel
growth. Fractlons D and E, whkich were nnt precipitested by
lead acetate, remalned active. The possiblility that lead
Wae the‘toxic factor involved eeemed unlikely because

5

similar toxicity symptoms were not cbserved in fractions

™D

B, D, and E, which were subjlected to the same treatments

ae fraction A. Treee data, therefore, strongly suggest

thet at least a part of the inhibitory substances could

3 by lead acetote.
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filtrate (from gcrevious

55-60° ¢ in vacuo.

—— e et
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Y
filtT;;;---‘~‘--~_-~————~qbDpt. (Discarded

Y ‘
filtr;;;‘_~“--‘~§‘-§‘-"‘*‘-ﬂ-ppt. (Discarded

riltra

road A
resl ol

ongtion I. (Continued from srevisus pace).

itate (E) filtrate (D)

evagd. at 55-680° C in vacuo.

e

3 g. residue 1.3 g. residue

15 cc. water; KOH till pH = 7

Y
oln E test soln. D

)

itate (F) (Continued from previous Qage).

Pl
7

: + o : - o
05% EtOH to make final conc. = 80%.

KOE till nearly neutral..

© Qo
(o

evapd. 55-80° ¢ in veacuo.

€, GUT wWh. Ca. Qb

15 cc. weter, KOH till pH = 8.7

ppt. (Discarded

)i
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Table 30. Growth promoting activity of te
from fractionation I.

m

N L x
t solutiocns

dry wtbt. Per ecent | -
Test Fraction in mg. via— Av. 1elaf1ve

per vial bility growth
430112 0.0 385 z.1

C O

.Q
63}
O
W
O

345 40 4.2

7.0 20 e 5

A 0.5 50 2.8

1.0 &0 Bn ¥

3.0 g0 2.3

B 0.35 80 340

Ba7 20 3.3

P 60 3.8

430111 Control 0.0 90 2.5

(255 sucrose)

° 0.7 g0 2.9
5-5 30 S'O
70 30 sl

4]
s
o

D 0.5 s0 2.5
Lo B 30 2.6
Saia <0 2.
J.C 30 2.4

=i
O
O
-3
)
(@]
e

0.74 20 <

-2 80 2,1
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d) Root inhibitor.

| A growth characteristic of Datura embryos.cultured in
media containing fresh coconut milk was the labk of root
formation. The cotyledons and the hypoéotyl enlarged but
no roots appeared as long as the embryos were left.in the
same medium. But if the embryos, after reaching a size of
se&eral millimeters in length, were transferred to a 1 per
cent dextrose medium, which did not contain any coconut
milk, foot formation occurred (47). Attempts to remove
this root inhibitor were successful through the use of sol-
vents, such as ethyl alcohol, butyl alcohol, and diethyl
- ether. A typical example of the methods used for the re-
moval of the root inhibitor is the following:

14.7 liters of fresh coconut milk was concentrated at

55 to 600 C in vacuo for 8 hours to a volume of 3.45 liters.
848 cc. of 95 per cent ethyl alcohol was adaed slowly with
vigorous stirring to 100 cc. of this concentrate (tesf sol-
ution B). The supernatant alcoholic fraction was separated
from the pasty residue, which was dissolved in 25 cc. of
water. The latter solution was shaken with 100 ce. of butyl
alcohol and the 2 layers separated. The water layer was
shaken with 100 cc. of diethyl ether and dialyzed with a
cellophane tubing in distilled water. The dialyzate was
then concentrated at 55 to 60° C in zgggg to a volume of
50 cc. (test solution E). 270 cc. of 95 per cent ethyl
alcohol was added to this concentrate in small portions
with vigorous stirring. A precioltate was formed upon the

addition of the alcohol. This orecipitate was dried in
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vacuo at 55 to 609 C and taken up in 50 cc. of water (test
solution F). Of all the different fractions tested in a
1l per cent dextrose medium with embryos, which were 0.35
to 0.6 mm. long, only fractions E and F were éctive. The

data for fractions B, E, and F are shown in table 31.

Table 31. Removal of root inhibitor.

Test % via- | Av. relative growth ?ngogg_
. Solution bilit 2
u ility 2 qays T 5 aays 5 dmye
Control 0 -——- -—— 0
(1% dextrose) ' '
B 0 = e E
E 100 2.5 6.9 30
F 100 Dl 5 80

Thus, it can be seen that the root inhibitor and also
the growth inhibitor were removed by successive extractions
with ethyl alcohol, butyl alcohol, diethyl ether, and again
with ethyl alcohol. Although the original concentrate B
gave no stimulation of growth in the embryos, the final
fractions E and F gave excellént growth. Very good root
formation was observed in the embryos which were supplied
with fraction F.

Because of the similarity in the behavior of the root
inhibitor in coconut milk and the auxins to solvent extrac-
tions, Dr. van Overbeek investigated the content of the
latter in coconut milk. Coconut milk was subjected tTo dif-

ferent treatments, such as ether extraction, alkaline
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hydrolysis, boiling,_and autoclaving and the auxin content
of these fractions determined by the standard Avena coleop-
tile test (48). Results of such a test are given in table

32.

Table 32. Liberation of auxin from coconut milk
by different treatments.

Avena deg. curvature

Treatment “{Comparable data)

Agar blocks soaked in coconut milk
concentrate. 0.6

Concentrate extracted with ether;
residue from ether fraction ta-
ken up in volume of water equal
to that of the original concen-
trate. ~ ‘ 2leb

Concentrate hydrolyzed at pH 10 for
24 hours at 4° C. 73

Hydrolysis followed by ether extrac-
tion; residue from ether frac-
tion taken up in volume of
water equal to that of the
original concentrate. 28.5

Concentrate boiled for 5 minutes. 0

Concentrate autoclaved 3 times at 15
pounds pressure for 20 min. v 8.7

Boiling followed by ether extrac-
tion; residue from ether frac-
tion taken up in volume of wa-
ter equal to that of original
concentrate. 21:86

The data show that although untreated coconut milk
concentrate showed only a very low Avena curvature the
treated concentrates produced large curvatures. Therefore,
ba good supply of auxin or precursors was present in coconut

milk.,
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Since the presence of auxin in coconut milk was esta-
blished the effects of the sddition of auxin ﬁﬁia somewhat
purified extract were studied. Different concentrations of
indole-3-acetic acid (Merck) were added to a 5 ver cent su-
crose medium with and without an active extract (K-2). K-2
was obtained from coconut milk concentrate after successive
treatments with ethyl alcohol, diethyl ether, calcium oxide,
and ethyl alcohol. Embryos, which were 0.2 to 0.4 mm. in
length, were used. The results of the experiment are shown
in table 33.

Table 33. Effect of indole-3-acetic acid on the growth
of Datura embryos in vitro.

Medaium | Conc. of | % via- Av. relative growth Condition
IAA/liter | bility 2 days | 8 days | of embryo
- K-2 0 70 2.1 39 transparent
e, 50 2.0 Ss. L. transvaerent
100 60 158 BeB transparent
750 30 28 -——- callus
1000 50 Les'? -——— callus
+ K-2 0 60 2.7 34+2.0 |normal;
no roots
10 90 2.7 50t6.8 normal;
45% rooting
100 70 27 28 callus-1like
780 60 B L 6.9 callus
1000 80 240 3e4 callus

A significant stimulation in both root and cotyledon

and hypocotyl growth was found with the addition of 10 gammas
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of indole-3-acetic acid per liter of medium in the presence
of K-2 only. ©No beneficial effects were found in the ab-
sence of K—ZL In concentrations above 100 gammas per liter
callus formation resulted in both the absence and the pre-
sence of K-2. Although the results of this particular ex-
periment were clear and convincing, the stimulating action
of 10 gammas of indole-3-gcetic acid on embryos sub?lied

with K-2 could not be duplicated a month later. However,

the changes undergone by K-2 could not be ascertained to

explain this apparent discrepancy. EE=mesr—bte—thast—suffin

growkir. About € months later, however, a similar stimu-
lation in embryo growth was obtained through the addition
of 10 gammas of naohthalene acetic acid to a 2 per cent
sucrose medium, containing a purified embryo factor pre-

paration.

e) Ash.

Coconut meat, milk, and husk were ashed sevarately
in vlatinum dishes in a muffle furnace and tested for
thelr effects on the growth of Datura embryos in vitro.
No beneficial effects were found in 211 cases. The med-
ia and the concentrations of the ash samples, which were

tested, are given in the following table:
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Table 34. Concentrations of coconut ash found to be
inactive in promoting the growth of embryos.

Test no. | Ash of: Test medium Concentration

420902 lMeat 2% dextrose |equiv. to 0.04 to 135
mg. of dry meat per
culture vial.

420831 Husk 2% dextrose |equiv. to 0.04 to 125

mg. of husk oer culturg
vial.

430326 Milk 2% sucrose |equiv. to 1 to 6 drops
of milk per culture
vial.

Among the many subsequent repititions of these ex-
periments, occasionally a beneficial effect of the ash of
the growth of the embryos was observed. In all cases,

however, the effect was slight, if significant.

f) Fractionation of coconut milk for embryo factor.

Based on the facts known from the experiments de-
scribed in the nrevious oages of this chaoter a fraction-
ation of coconut milk was verformed. The scheme, which
was followed, 1s diagrammed in fractionation II. Tests for
embryo factor was conducted with embryos, which were about
0.25 to 0.6 mm. in length, cultured in 2 oer cent sucrose
medium. The medium was buffered at oH 6.5 to 7.0 with 0.0l
molar dipotassium-monosodium vhosvhate. The final measure-
ments were made after 2 days of cultur 2t 32%#0.50 C. Most
of the active fractions were tested several times in dif-
ferent dilutions.

In order to calculate the amount of embryo factor
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present after the various fractionation steps a quantitative
unit was adopted. The unit was designated as the Datura
unit and defined as follows! One Datura unit was the quan-
tity of embryo factor which had to be added to a standsrd
culture medium to give a relative growth difference in one
Datura embryo of 0.5 over that of the control. The stand-
ard medium was the 2 per cent sucrose medium (2 per cent
sucrose in place of 1 per cent dextrose in the medium given
in table 1). The medium was buffered at pH 6.8 with 0.01
molar dipotassium-monogodium phosphate. 3/4 cc. of this
medium was olaced in each culture vial, which contained
one embryo. The relative growth measured after 2 days of
culture at 32%1° C was taken as the ratio: final length/
initial length. The initial length of the embryos used
varied from 0.2 to 0.5 mm.

An example is oresented to show the anolication of
the above definition.

Embryo growth in the standard culture medium to which
0.002 g. of a test substance was sdded:

Av. initial length of 10 embryos = 0.40 mm.
Av. final length of 10 embryos = 1.20 nmm.

Relative growth = 1.20/0.40 = 3.00
Embryo growth in the standard culture medium only:

Av. initial length of 20 embryos = 0.35 mm.
Av. final length of 20 embryos = 0.87 mm.

Relative growth = 0.87/0.35 = 2.49

Therefore, relative growth difference = 3.00 - 2.49

@ N

Hence, 0.002 g. of the test substance contained 1
Datura unit of embryo factor.
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It must be realized, however, that the Datura units
given in fractionation II are only rough approximations of
the actual quantity of embryo factor oresent. In the first
place, the embryos“ggé sensitive to inhibitors. Further-
more, the pH of the culture medium was not always main-
tained at exactly 6.8 and the final measurements were not
always made after exactly 48 hours.

Milk from fresh coconuts (from L.A. Nut House of
Los Angeles) was concentrated in vacuo at 55 to 60° C in
a glass still. After this concentration procedure and standing
for several months in the refrigerator the concentrate show-
ed no activity in promoting the growth of embryos. The vos-
sibility of a liberation of toxic substances suggested the
alcohol extraction step as described in vart “e" of this
chapter. After the alcohol treatment activity was again
observed in the residue fraction (C-2); the toxic substances
were taken up by the alcohol (C-1).

The residue fraction was dissolved in water and sub-
jected to a lead orecipitsation orocess. To the resulting
80 per cent alcohol solution, after the removal of the lead
ions, the embryo factor was precioitated with sulfuric acid.
The resulting orecipitate (I-2) was active in a dilution
of 1:1200, which represented an enrichment of 11 times.

The type of growth closely resembled that of embryos cul-
tured in a medium containing caconut milk. No roots were
formed. It was therefore subjected to several ethyl alcohol

extractions in order to remove the root inhibitor. The
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final residue (L-2) promoted the growth of embryos at a
dilution of 1i19,000. This represented an enrichment of .
170 times that of the original coconut milk. Furthermore,
two thirds of the embryos cultured in medis conteining op-
timal concentrations of L-2 oroduced healthy roofs.

Further fractiénations were accompanied by & loss of
activity so that it was nbt yet possible to obtain fractions

with greater ectivity than L-2.

Fractionation II. Fractionation scheme of coconut
milk.

9350 cc. coconut milk (A)
dry wt. = 1.1 kg.
activity = 1:110
Datura units = 160,000
no roots

55-60° C in vacuo.

1670 cc. concentrate (B)
dry wt. = 1.1 kg. '

activity = toxic '
8.9 liters 95% EtOH.

residue (C-2) ‘ filtrate (C-1)

dry wt. = 647 g. dry wt. = ca. 550 g.
activity = 1:75 activity = toxic
Datura units = 65,000

T T lwater

1000cc. solution

500 cc. satd. PbA02.

‘\A
filtrate (D-2) orecioitate (D-1)

) cotivity = O
350 cc. satd. PbAcg, overnight

‘ 4
filtrate (E-2) precipitate (E-1)

activity = O
55-60° C in vacuo.

‘ (Continued next page)
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filtrate (E-2)
55-80° ¢ in vacuo.

1200 ce. solution

BN HpSOy4 till no further potion.

filtrate (F-2) precipitate (F-1)

activity = O
6N KOH till pH = 7
neutral soln.
55-600 C in vacuo.

residue

1500 cc. 80% EtOH.

upper liquid layer (G-2) lower syrup (G-1)
' activity = toxic

155-600 C in vecuo

residue
dry wt. = 190 g.

lwater added.
400 cc. soln.

11600 cc. 95% EtOH added.
clear solution

6N HoS04 till pH = 6.0

]r
filtrate (H-2) precipitate (H-1)

dry weight = 31.9 g.
6N HoSO4 till pH = 3.5, activity = 1:1400
enrichment = 13x

Datura units = 59,000

no roots
precipitate (I-2) . filtrate (I-1)
dry wt. = 38.4 ¢, activity = toxic

activity = 1:1200
enrichment = 1lx
Datura units = 62,000
no roots _

water added.

130 cc. solution

150 cc. 95% EtOH in small portions. (Cont. next page)
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130 cec. solution

50 cc. 95% EtOH in small portions

Y
filtrate (J-2) precipitate (J-1)

, activity = O
570 cc. 95% EtOH in small portions

‘- 
residue (XK-2) filtrate (K-1)

dry wt. = 8.0 g.
100 cc. 95% EtOH activity = 1:8400
" enrichment = 7bx
Dature units = 89,000

no roots
]
light:;;;;;‘-_—-——___—~‘__—““~——a-filtrate {L~1)
carinel-like activity = O

residue (L-2)

dry wt. = 7.1 g.
activity = 1:19,000
enrichment = 170x
Datura units = 180,000
B7% rooting. .
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DISCUSSION*

Ideas suggesting a 1limit in the size of the embryos
which can be cultured in vitro, as proposed by LaRue (29)
and Dietrich (20), were shown by van Overbeek et al (46;
47), and confirmed in this investigation, to be untenable.
In view of van Overbeek's success (unpublished data) in
the culturing in vitro of Datura proembryos as small as
0.08 mm. in diameter (approximately the 64 cell stage),
the question is clearly one of nutrition and not one of a
vitalistic threshold as suggested by earlier workers. -The
failure of these investigators to grow vefy smail embryos
was due merely to the lack of a proper culture medium.

The culture of mature embryos, which were shown to
be autotroﬁ@c, did not meet with any great difficulty.
They could be maintained on strictly inorganic media (42)
In some cases the addition of sucrose or vitamin B was
necessary (27).

For large immature embryos of deciduous trees, Lam-
merts (27) found that sugars were required in the iwersanie
medium. Similar results were found by other workers (29,
42). With smaller immature embryos, LaRue (29) and White
(51) found that the heat-stable factors in yeast or fib-
rin digest were necessary. The addition of organic sup-

plements was also found necessary for the growth of immature

* A considerable oortion of the material in this section
has been presented in a symposium (44) by Dr. J.van Overbeek,
who discussed the results of the investigations on embryo cul-
ture carried on at the Institute and at the Carnegie Instit-
ution of Washington at Cold Spring Harbor, New York. For the
sake of completenese, however, the subject is repeated in this
sectlon.



85.

Datura embryos in vitro (47). The medium given in table 1
- was.found by van Overbeek et al (47).to be suitable for the
culturing of medium-size immature Qggggglembryos in vitro.
Whether of not all of the ingredients were necessary has
not been establishéd experimentally. The choilce of these
substances, however, was not without good reason.

Although some argument existed as to the beneficial
effects of glycine for tissue cultures (33, 53, 54) it was
included in the medium. The essentiality of thiamine and
pyridoxine for the growth of roots was established more
clearly through experiments on root cultures (1, 6, 9, 32)
and mature pea embryos (7, 24). In similar experiments
(11, 15), ascorbic acid was shown to give a vigorous in-i
crease in the growth of some varieties of pea embryos 1in
vitro. No stimulation, however, was observed in those
varieties which were capable of synthesizing ascorbic acid
in appreclable quantities. Datura roots in vitro were shown
(8) to be completely heterotrovhic for thiamine, oyridoxine,
and nicotinic acid. The response of isolated tomato roots
to nicotinic acid in the presence of thiamine and pyridoxine
varied with the different clones and strains. Some re-
soonded and some did not (9). With isolated pea roots,
however, the absence of nicotinic acid and thiamine re-
sulted in a decrease in growth with each weekly tfansfer.
The inclusion of adenine in the culture medium of Datura
embryos was based on the discovery of its leaf growth pro-

moting effects (5). Succinic acid was suggested (37) to
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be essential as one of the members of the 4-carbon-acid

" hydrogen-carrier cycle, which was presumed to be coupled
with auxin-controlled resoiration. -Because of the univer-
sal occurrence in living things (56) of pantothenic scid
and its stimulatory‘activity in some olants and plant tis-
sues in vitro (10, 31, 57) it was also included in .the
medium.

The above medium proved Satiéfaotory for the culture
of immature Datura embryos over 0.5 to 1.0 mm. in length
(table 2%). Smaller embryos‘were not capable of growth
in this medium. Since the embryo is nourished by the endo-
sperm 1n the seed it seemed logical to van Overbeek et al
(47) that the addition of a natural endosperm may stimulate
the growth of smaller Datura embryos in vitro. Indeed, it
was found to be so when coconut milk was tried (table 3).

From the fact that extracts of coconut milk and meat,
Datura ovules, wheat germ, almond meal, and yeast extract
were found to be active in supporting the growth of very
small immature Datura embryos in vitro (table 20), it seems
that»little specificity existed among the substances neces-
sary for the growth of very small embryos from different
species of plants. The same source which nourished the
coconut or the almond or the wheat embryo was found capable
of nourishing the Datura embryo. This non-specificity of
nutritive factors for plant embryos was also suggested from
the results of earlier investigators. Arnaudov (3) found

that moss sporophytes could be removed from their own

gametophytes and transplanted successfully into other
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gametophytes either of the same or of different species.
Similar types of transfer were accom?lished in the higher
plants. Brown and Morris (13) transferred embryos from
one barley grain to another. If proper adhesion was ob-
tained between the transplanted embryo and the new endo-
sperm the grafted embryo would develop as readily as if

i1t were dependent on its own endosperm. The contents of
the foreign endosperm underwent all of the usual changes
attending their absorotion and, if molds were excluded,
the resulting growth of the embryo was entiﬁiy normal.
Partial develooment was obtained in the transolantation

of barley embryos on wheat endosperm. In this case, however,
the differences 1n the size and the shape of the embryos
made proper contact between the transplanted embryo and
the new endosperm difficult. Nevertheless, that there was
a vartial development is significant. Better success was
obtained by Colla (16) who was sble to transplant and grow
wheat embryos on the endosperm of rye, barley and oats.

The relative growth curves of embryos cultured in me-
dium containing embryo factor (figures 2, 8) resembled
those of autocatalytic reactions. This suggested to van
Overbeek (44) that all of the cells of the embryos were
involved in the orocess of growth of the embryos in media
containing the growth factors. He, therefore, concluded
that the embryo factor oromoted cell proliferation chiefly,
as contrasted to the action of auxins, in promoting cell

elongation in the Avena coleoptile. To further support
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this contention he brought out the fact that the curves for
the relative growth of small and of large embryos (figure 4)
were the same, while the absolute increase in length was
much larger in the case of the larger embryos. Furthermore,
a cytological examination by Dr. Jack Schultz revealed ac-
tively dividing nuclei in the embryos supplied with embryo
factor, while the nuclei in embryos not suoplied with em-
bryo factor aquickly became pycnotic. Embryos deorived of
embryo factor for a few days were not able to resume growth
when supplied with embryo factor.

. On the basis of the data in figure 4 it also seems
likely that the oonoentra}ion of embryo factor must reach

a certain threshold value, before its effeét can be mani-
fested. Only 30 per cent of the embryos, which were 0.5

mm. in length, developed at the lowest embryo factor con-
centration. At the same level 100 per cent of the larger
embryos developed. With increasing amounts of embryo fac-
tor the percentage of viable embryos increased in the small-
er embryos and remained at 100 per cent for the larger ones.
This, of course, is in harmony with the increasing auto-
troohic nature of increasingly mature embryos, as diécussed
above. As polinted dut by van Overbeek (44) the formation
of embryo factor in the oarent plant and the supply to the
embryo may vary with the conditions under which the plants
were grown. The embryos whose growth was plotted in figure
4 were taken from plants which were grown during the winter

months in a relatively voorly lighted greenhouse. In this



case, embryos as large as 1.2 mm. in length were not cap-
able of growth in the absence of added embryo factor. On
the other hand, occaslonally embryos, as small as 0.5 mm.

in length, which were taken from olants grown in the Spring
in the field, were capable of growth in the 1 per cent dex
trose medium alone (figure 6). This suggested a sufficiency
of embryo factor in the embryo, as a result of increased
production by the mother plant in the Soring.

A characteristic feature of Datura embryos cultured
in media containing fresh coconut milk is the lack of root
férmation (plate I.). Root development was markedly sup-
pressed even on mature embryos cultured in medium contain-
ing autoclaved coconut milk (47). The fact that the hypo-
cotyl in the embryos cultured in coconut milk was not

suppressed along with the root suggested to van Overbeek

]

t al (47) the possibility that auxin was the agent concern-
ed. The suspicion was strengthened by his determination -
of auxin in coconut milk (table 32) and by the removal of
the root inhibitor from coconut milk through extractions
with solvents, in which the auxins were soluble (table 31).
The state in which auxin 1is oresent in coconut milk
can be settled only with further more conclusive experi-
ments. When an agar block was soaked directly in fresh

ik
coconut(/only a very slight Avena e=deootiie curvature

was detected (table 32). Some auxin was released by boil-
ing or autoclaving. Considerable amounts of auxin were

detected when the milk was extracted with ether and the
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ether fraction tested. In all cases there was a three-
to a four-fold increase 1n.the Avena cﬁrvature. The fact
that coconut milk after being forced through a collodion
membrane and extracted with ether gave the same auxin
curvatures as undialyzed coconut milk suggested that the
auxin liberated upon ether extraction cannot be due to a
liberation from a protein complex as postulated by Skoog
and Thimann (34, 38, 55).

On the basis of preliminary experiments, van Overbeek
et al (47) tentatively oroposed the presence of at least
3 factors in coconut milk, which produced the tyve of
growth characteristic of Datura embryos in a medium con-
taining coconut milk: a) thermolabile factor causing both
growth and differentiation of the Datura embryo, b) heat
stable factor causing in some cases a callus-like growth
but no differentiation, and c) heat stable root inhibitor.
In the light of the results obtained in the present in-
vestigation, these tentative sssumptions must be altered.
The failure of autoclaved coconut milk to support organized
embryo growth was probably not solely a result of the heat
lability of the growth-promoting factor. This was suggest-
ed by the fact that autoclaved yeast extract was able To
support normal embryonic growth (table 20). The more prob-
able reason was the liberation 5f growth inhibitors. In-
hibitors might have arisen from autoclaving (figure 12) or
from a prolonged heating of coconut milk at about 60° C

and standing (fractionation II). Indications of growth
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inhibitors in untreated plant material were first found in
the work of van Overbeek et al (47). They found that when
halved ovules containing the embryos were placed in the
nutrient medium, such embryos did not grow whereas éimilar
embryos, when completely isolated, did grow. There was
some suggestion that auxin was concerned in the above re-
lationshigs. The exverimental facts which led towards this
possibility were the following: There was a similarity in
behavior between the root inhibitor in coconut milk and
auxin. Both were heat stable and extracted with the same
solvents. Autoclaved coconut milk supported a callus type
of growth (47), as contrasted to the normal differentiated
type of growth supported by non-autoclaved coconut milk.
It was found that autoclaving liberated auxin (table 32).
Furthermore, it was found that high concentrations of auxin
added to the medium containing a somewhat purified embryo
factor preparation induced callus growth (table 33). The
callus formation induced by high asuxin concentrations of
auxin might have been superimposed upon the growth stimu-
lated by the heat stable substances, resulting in an un-
differentiated growth. The results are in agreement with
the findings of Skoog (44) that Nicotiana callus failed to
differentiéte into shoots and roots when supplied with a
high auxin medium. Although there were some similarities
in properties betWeen the growth inhibitor discussed in
chapter 7 and auxin it is not certain whether the two are

identical. llore experiments are needed before any con-
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clusions can be drawn in this respect.

On one hand, therefore, a high auxin:concentration
induced callus formation. On the other hand, the figures
in table 33 indicated that there was a stimulation in embryo
growth upon the addition of 10 gammas of indole-3-acetic
acid per liter of medium contalning a somewhat purified
embryo factor preparation. Rooting was also stimulated by
this low auxin concentration. The implication of the neces-
sity of a minimum amount of a substance or substances for
root formation was supported further by the experiment il-
lustrated in figure 1l. Of the 4 sets of embryos in this
experiment only those which were given the highest concen-
tration of embryo factor formed any roots after 11 days.

No roots developed in the others, desplte their good hypo-
cotyl and cotyledonary growth. Of course, much more ex-
periments are needed before conclusive data can be present-
ed. However, the work of Stephenson (35) is interesting
in thils respect. He obtained a marked stimulation in the
growth of lettuce embryos with the addition of O.1 mg. of
indole-3-acetic acid or naphthalene acetic acid per liter
of medium. With the addition of 1 to 10 mg. of auxin per
liter cancerous and nodule-like tyoes of growth were ob-
tained. Stephenson's investigations, like those in this
thesis, wefe conducted under sterile conditions.

Anyway, we see oresent in the endosperm of coconut a
good source of euxin, whichn 1s aocerently bound 1in some un-

known wey but which can be libersted by different methods.
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As suggested by the results of this investigafion, the
auxin may be liberated in small amounts to stimulate normal
embryonic development. Under abnormal or unfavorable con-
ditions the liberation of unusually high amounts of auxin
may be the cause in the sbnormal types of growth sometimes’
met in nature. B

Of course, it is naive to assume a2 priori that only
one or a few substances are necessary for the organized
growth of embryos. The embryo factor as used in this the-
sis, is a generic term to include a number of as yet un-
identified substances. And as in the case of auxin, an
optimum concentration of each of these factors may pro-
bably be necessary. Beyond the optimal range, abnormal-
ities in growth or inhibitions of the effects of the other
substances may result. Furthermore, accompanying changes
in the oH of the endosperm may be necessary. As shown in
figure 9, there is a shift in the poH optimum from pH 6.8
to pH 5.5 after 4 days of culture. Whether this shift
actually takes place in nature, however, needs to be de-

termined.
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SUMIZARY

The results of van Overbeek et al (47) on the success-
ful culturing of smell immature Datura embryos in
vitro on medla containing coconut milk were.confirmed.
The growth of Datura embryos in vitro in the 1 per
cent dextrose medium, as given in table 1, was sup-
ported.also by extracts of coconut meat, Datura ovules,
wheat germ, almond meal, and yeast.

A satisfactory bio-assay for the subétanoes necessary
for the growth of Datura embryos was develpped. This
blo-assay was based on the growth of Daturs embryos
cultured aseptically in vitro in a medium containing
the solution to Ee tested relative to the growth of
Datura embryos cultured in the control medium in the
absence of the test solution. The quantity of embryo
factor was expressed in Datura units. One Datura unit
was the guantity of embryo factor which had to be added
to the standard medium to gilve a relative growth dirf-
ference in one Datura embryo of 0.5 over that of the
control.in 2 days.

The optimun temperature for the growth of Datura em-
bryos in vitro was found to be 32° C.

pH 6.8 was the optimum for the growth of small Datura
embryos during the first 4 td 5 days of culture in
vitro. After 4 to 5 days the optimum shifted to pH 5.5.
Besides the ingredients in the control medium (vitamin

By, vitamin Bg, ascorbic acild, nicotinic acid, adenine,
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succinic acid, calcium pantothenate, glycine, inorganic
salts, and agar) sucrose was found to be necessary.
Other sugars, amino acids, purines, and inorganic salts
were lnactive in the concentrations tried.

A stimulation in embryo growth and in root formation
was found with the addition of 10 gammas of indole-
3-acetic acid or naphthalene acetic acid per liter of

a 2 ver cent sucrose medium (2 per cent sucrose in
: gwert s Fable 7

olace of dextrose in the 1 per cent d$§E?BE€‘a€aiaﬁ5,
containing a somewhat purified embryo factor prepara-
tion. Concentrations of 100 gammas or over per lifer
induced ceallus formation.

Fractionations of coconut milk for the remaining growth
factors revealed their insolubility in the usualer-
ganic solvents. They were not adsorbed by the usual
adsorbents and not precivitated by the usuel orecipi-
tants.

The root inhibitor in coconut milk wae removed through
extractions with ethyl alcohol and diethyl ether. A
probable identity with auxin was suggesbted.

A growth inhibitor was shown to be formed upon heating
coconut milk at high temperatures or at low temperatures
for a prolonged veriod. This was removed through ethyl
and butyl alcohol extractions and precipitation with
lead acetate.

Purification of coconut milk yielded preparations with a

detectable activity in a dilution of 1:19,000, which re-

oresents an enrichment of 170 times. Because of the



removal of the root inhibitor in these prepara-
tions, root growth was not suporessed, as was the

case in media containing coconut milk.



10.

97.

REFERENCES

Addicott, F.T. and J. Bonner. 1938. Nicotinic eoid
and the growth of isolated pea roots. Science 88:
577-578.

Andronescu, D.I. 1919. Germination and further de-
velopment of the embryo of Zea mays separated from

the endosperm. Am. J. Bot. 6:443-452.

Arnaudov, N. 1925. Uber Transplantieren von Mossem-

bryonen. Flora, Nf F. 18-19:17-26.

Blake, M.A. 1939. Some results of crosses of early
ripening varieties of peaches. Proc. Amer. Soc.
Sci. 37:232-241.

Bonner, D.M. and A.J. Haagen-Smit. 1939. Leaf growth
factors. II. The activity of opure substances in
leaf growth. Proc. Nat. Acad. Sci., U.S5.A. 25:
184-188.

Bonner, J. 1937. Vitamin By a growth factor for high-

er plants. Science 85:183-184.

. Bonner, J. 1938. Nicotinic acid and the growth of 1iso-

lated pea embryos. Plant Physiol. 13:865-868.
Bonner J. 1940. On the growth factor requirements of
isolated roots. Am. J. Bot. 27:692-701.
Bonner, J.:  Further experiments on the nutrition of iso-
. lated roots. Bull. Torrey Bot. Club. In press.
Bonner, J. and G. Axtman. 1937. The growth of plant
embryos in vitro. Preliminary experiments on the

role of accessory substances. Proc. Net. Acad._ Sci.,



Ll.

12,

13.

14.

15

16,

17

18.

18,

. 98.

U.S.A. 23:1453-457.

Bonner, J. and D. Bonner. 1938. Ascorbic acid and the
growth of plantvembryos. Proe. Nat. Acad. Scil.,
U.S.A. 24:70-75.

Brink, R.A. and D.C. Cooper. 1939. Somatoplastic

sterility in Medicago sativa. Science 90:545-548.

Brown, H.J. and G.H. Morris. 1890. Researches on the
germination of some of the Gramineae. J. Chem. Soc.
1890:458-528.

Buchner, J.D. and J.H. Kastle. 1817. The growth of
isolated embryos. J. Biol. Chem. 29:209-213.

Carroll, G.H. 1943. The role of sscorbic acid in plant
nutrition. Boti Rev. 9:41-48.

Colla, S. 1931l. ©Sulla nutrizione di embrioni 41 Gram-
inaceae mediante albumi di specie diversa. (Nutri-
tion of grass embryos with olant endosperm of various
kinds.) Boll. Soc. Ital. Biol. Sperim. 6:74-77.
Biol. Abst. 8:2930. 1934.

Cooper, D.C. and R.A. Brink. 1940. Somatoplastic ste-
rility as é cause of seed failure after interspeci-
fic hybridization. Genetics 25:593-617.

Cooper, D.C. and R.A. Brink. 1942. The endosperm as
a barrier to interspecific hybridization in flower-
ing plants. Science 95:75-76.

Cooper, D.C. and R.A. brink. 1940. Partial self-in-
compatibility and the collapse of fertile ovules as
factors affecting seed formation in alfalfa. J.Agr.

Res. 60:453-472.



20.

21.

22.

23,

24.

25.

26.

27.

28.

99.

Dietrich, K. 1924. Uber die Kultur von Embryonen
ausserhalb des Samens. Flora, N. F. 17:309-314.

Dubard, M. and J.A. Urbain. 1913. De l'influence de
1'albumen sur le developpement de 1'embryon. Compt.
Rend. Acad. Sci. Paris 156:1086.

Essenbeck, E. and K. Sussenguth. 1925. Uber aie asep-
tische Kultur pflanzenlicher Embryoﬁen, zugleich ein
Beitrag zum Nachweiss der Enzymausscheidung. Arch.

"Exp. Zellforsch. 1l:547-584.

Hannig, E. 1904. Uber die Cultur von Cruciferen-Em-
bryonen ausserhalb des Embryosacks. Bot. Zeitung
62:45-80.

Kogl, F. and A. J. Haagen-Smit. 1936. Biotin und
Aneurin als Phytohormone. Zeitschr. Physiol. Chem.
243:209-226.

Laibach, F. 1925. Das Taubwerden von Bastardsamen und
die kunstliche Aufzucht frilh absterbender Bastardem-
bryonen. Zeltschr. fur Bot. 17:417-459.

Laibach, F. 1929. Ectogenesis in plants. Methods and
genetic possibilities of wvropagating embryos other-
wise dying in the seed. J. Heredity 20:200-208.

Lammerts, W.E. 1942. Embryo culture, an effective
technique for shortening the breeding cycle of de-
ciduous trees and increasing germination of hybrid
'seed. Am. J. Bot. 29:166-171.

LaRue, C.D. 1936. Tissue oultﬁrés of spermatophytes.

Pl"OC- Nato ACQJd- SCio, UtScAo 22:201—'209.



100.

29. LaRue, C.D. 1936. The gfowth of plant embryos in
culture. Bull. Torrey Bot. Club. 63:385-382.
30. LaRue, C.D. and G.S. Avery, Jr. 1938. The development

of the embryo of Zizania aqguatica in the seed and in

artificial culture. Bull. Torrey Bot. Glub 65:11-21.

3l. McBurney, C.H., W.B. Bollen and R.J. Williaﬁs. 1985,
Pantothenic acid and the nodule bacteria legume
symbiosis. Proc. Nat. Acad. Sci. 21:5014504;

38. Robbing, Wed. 1089. Thismin and plant growbh. Sei-
ence 89:303-307.

33. Robbins, W.J. and M.B. Schmidt. 1939. Further experi-

| ments on excised tomato roots. Am. J. Bot. 26:149-159.

34 . Skoog, F. and K.V. Thimann. 1940. Enzymatic liberatiqn
of auxin from plant tissues. Sclence 92:62.

35. Stephenson, R.B. 1943. Effects of certain growth regu-
lating substances on growth correlation in lettuce
seedlings. Plant Physiol. 18:57—50.

36. Stingl, G. 1907. -Experimentélle Studie Uber die Ernah-
rung von pflanzlichen Embryonen. Flora 97:308-331.

37. Thimann, K.V. 1940. Hormones and the physiology of
growth in plants. The Collecting Net 15:65-69.

38. Thimann, K.V., F. Skoog, and A.C. Byer. 1942. The ex-
“traction of auxin from plant tissues. II. Am. J.
Bot. 29:598~606.. -

39. Tukey, H.B. 1933. Artificiél culture of sweet cherry
embryos. J. Heredity 24:7-12.

40, Tukey; H.B.s 1988 Embryb abortion in early-ripening

varieties of Prunus avium. Bot. Gaz. 94:433-468.




41.

42.

43.

44.

45.

46.

47.

48.

49.

101.

Tukey, H.B. 1934. Anomalous embryos of oultivated
varieties of Prunus with particular reference to
frult breeding. Bot. Gaz. 95:493-497.

Tukey, H.B. 1934. Artificial culture methods for
isolated embryos of deciduous fruits. Proc. Amer.

Soc. Hort. Sci. 32:313-322.

- Tukey, H.B. 1938. Growth catterns of plants developed

from immature embryos in artificiasl culture. Bot.
‘Gaz. 99:630-665.

van Overbeek, J. 1942. Hormonal control of embryo and
seedling. Cold Spring Harbor Symposia on Quant. .
Biol. 10:126-133.

van Overbeek, J., M.E. Conklin and A.F. Blakeslee.
1841, Chemioal stimulation of ovule development
and its possible relation to parthenogenesis. Am.
J. Bot. 28:647-656.

van Overbeek, J., M.E. Conklin and A.F. Blakeslee.
1941. PFactors in coconut milk essential for growth
and development of very young Datura embryos. Sci-
ence 94:350-351.

van Overbeek, J., M.E. Conklin and A;F. Blakeslee.
1942. Cultivation in vitro of small Datura embryos.
Am. J. Bot. 29:472-477.

Went, F. and K.V. Thimann. 1935. Phytohormones. Mac-
Millan Co. New York.

Werckmeister, P. 1934. Uber die kimstliche Aufzucht
von Embryonen aus Iris-bastardsamen. Gartenbauwlssen-

schaft 8:606-607.



50.

51.

52.

53.

54.

55.

56.

57

102.

Werckmeister, P. 1936. Gber die Herstellung und
kunstliche Aufzucht von Bastarden der Gattung Iris.
Gartenbauwissenschaft 10:500-520.

White, P.R. 1932. Plant tissue cultures. -Arch. Exp.
Zellforsch. bes. Gewebezuchtung 12:602-620.

White, P.R. 1939. Controlled differentiation in a
plant tissue culture. Bull. Torrey Bot. Club 66:
507-513.

White, P.R. 1939. Glycine in the nutrition of excised
tomato roots. Plant Physiol. 14:527-538. '

White, P.R. 1940, Vitamin Bg, nicotiﬁic acid, pyridine,
glycine, and thiamin in the nutrition of excised to-
mato roots. Am. J. Bot. 27:811-821.

Wildman, S. and S. Gordon. 1942. Release of auxin
from isolated leaf proteins by enzymes. Proc. Nat.
Acad. Sci., U.S.A. 28:217-228.

williams, R.J., C.M. Lyman, G.H. Goodyear, J. Truesdail,
and D. Holaday. 1933. "Pantothenic acid" a growth
determinant of universal biological.occurrenoe. I s
Am. Chem. Soc. 55:2912-2927.

Williams, R.J. and E. Rohrman. 1935. Pantothenic acid
as a nutrilite for green plants. Plant Physiol. 10O:

559-583.





