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Bot. Gaz. 130(1):62-69. 1969.

FACTORS LIMITING THE STIMULATION OF POLYPLOID MITOSES
IN INTACT PEA ROOTS AND EXCISED ROOT SEGMENTS!

ANN G. MATTHYSSE? AND JOHN G. TORREY
Biological Laboratories, Harvard University, Cambridge, Massachusetts 02138

ABSTRACT

Although polyploid mitoses can be elicited in pea root segments 1 mm in length cultured on a defined me-
dium, the same medium failed to elicit any polyploid mitoses when applied to the roots of intact pea plants.
Auzxin treatments, which are effective in eliciting polyploid mitoses in the roots of other plants, were also in-
effective when applied to pea roots. Polyploid mitoses were not obtained when excised whole pea roots were
cultured on a medium which effectively induced such mitoses in 1-mm segments, nor were polyploid mitoses
found when the roots were fed basally with this medium. Polyploid mitoses were observed in 1-mm root seg-
ments split in half along the axis of the vascular cylinder and cultured with the cut surface against the sur-
face of the medium so that the vascular cylinder was oriented parallel to the surface of the medium. If these
segments were turned so that the vascular cylinder was still oriented parallel to the surface of the medium,
but so that the cut surface was up and the intact epidermis in contact with the culture medium, no polyploid
mitoses were observed. Thus wounding alone does not initiate polyploid mitoses. The appearance of poly-
ploid mitoses requires the presence of a cut surface in contact with the culture medium.

Root segments 3 mm in length were cultured with one cut surface against the surface of the culture me-
dium and the vascular cylinder oriented perpendicular to the culture medium. After 74 hr in culture the seg-
ments were cut into three 1-mm pieces—top, middle, and bottom. A significant number of diploid mitoses
was observed in all three pieces, although there were fewer mitoses in the top piece than in the bottom. A sig-
nificant number of polyploid mitoses was observed only in the bottom piece. The orientation of the 3-mm
segments (basal or apical end down) had little effect on the results. Thus not only does the appearance of
polyploid mitoses require that a cut surface of the root be in contact with the medium but polyploid mitoses
are also elicited only within 1 mm of this cut surface. These facts make the failures to elicit polyploid mitoses
in excised roots and roots of whole plants easily understandable; that is, the necessary stimulatory substances
presumably never reached the root tissues. Wounding of the intact root by passing a needle through it
stimulates mitoses of both diploid and polyploid cells. We suggest that interference of the normal flow of
hormonal materials, probably of a cytokinin, from the root tip toward the root base (shoot) is responsible for
the local accumulation of stimuli leading to polyploid mitoses.

Introduction

Polyploid nuclei are known to occur in the somatic
cells of many diploid plants and particularly in plant
roots. The existence of cells with polyploid nuclei can
be demonstrated by microspectrophotometric ab-
sorption measurements of interphase nuclei (Mc-
LEisu and SUNDERLAND, 1961), by the observation of
occasional spontaneous polyploid mitoses (e.g.,
Stomps, 1911; TscHERMAK-WOESs and DOLEZAL,
1953), and by the artificial stimulation of polyploid
mitoses by treatments with plant hormones (LEVAN,
1939; D’AmaTo, 19525) or by wounding (D’AmATO,
1948). In general, polyploid cells are not found in the
apical meristem of the root. The frequency of poly-
ploid cells and the degree of ploidy of these cells have
been observed to increase with increasing distance
from the root tip (D’AmATo, 19525; DEELEY, DA-
vies, and CHAYEN, 1957). This observation had led
to the postulation of a connection between polyploidy
and differentiation (e.g., D’AMato, 1964). However,
this connection, if it exists, cannot be an essential
one since plants are known in which no polyploid

1 This research was supported in part by grants from the
National Institutes of Health, U.S. Public Health Service,
GM-22, 257 to A. G. M. and GM-08145 to J. G. T. The
technical assistance of Gary Gardner is gratefully acknowl-
edged.

2 Present address: Division of Biology, California Institute
of Technology, Pasadena, California 91109.
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cells occur. For example, only diploid cells are re-
ported to occur in tissues of Helianthus tuberosus
(PARTANEN, 1959, 1963b) and Crepis capillaris
(ReEmNerT and KUSTER, 1966).
Microspectrophotometric absorption measure-
ments show that pea roots contain polyploid cells
(McLeisa and SuNDERLAND, 1961). Spontaneous
polyploid mitoses have been observed occasionally in
pea roots, usually in the cortex near a lateral root
(Wipr and CoopPERr, 1940; OmNuma, 1948; TSCHER-
MAK-WoESs and DorLeZAL, 1953). Polyploid mitoses
are also associated with the formation of root nodules
in peas (WipF, 1939; WiprF and CooPER, 1938). Nev-
ertheless, attempts to stimulate polyploid mitoses in
intact pea roots have been largely unsuccessful.
MEeLETTI (1950) treated roots of pea seedlings
with 10 ppm 2,4-dichlorophenoxyacetic acid (2,4-D)
at 12-15 C. He observed diploid mitoses in the roots
after three, four, six, and nine days; but he was un-
able to find polyploid mitoses in the roots at any of
these times. He also germinated peas in 10 ppm
2,4-D. This treatment produced no polyploid mitoses
in the hypocotyl after nine days. Horzer (1952)
dipped the roots of 4-day-old seedlings into 20 ppm
indole-3-acetic acid (IAA) for 4 hr and then placed
the plants in water for a recovery period of up to 48
hr. He observed no polyploid mitoses in the roots
after this auxin treatment. The treatment with TAA
may have failed because pea roots possess an active
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TAA oxidase (TanG and BONNER, 1947), but this
fact does not explain the failure of the 2,4-D treat-
ments. MUHLING ef al. (1960) illustrated a polyploid
division figure from pea seedling roots treated with
a-(2,4-dichlorophenoxy)-n-butyric acid. This report
is the single case found of chemically induced poly-
ploid mitoses observed in roots of intact pea plants.

Polyploid mitoses can be stimulated in excised
pea root segments grown on a sterile culture medium
(TorrEY, 1961). In such pea root segments poly-
ploid mitoses were observed only when the culture
medium contained salts, sucrose, vitamins, auxins,
and kinetin (TorRrEY, 1961; MaTTHYSSE and TOR-
REY, 1967a, 1967b). This suggested that kinetin as
well as auxin might be necessary for the initiation of
polyploid mitoses in intact pea roots. NacL (1963)
treated 5- to 12-day-old pea roots with kinetin (10,
20, 30, and 40 ppm each). He fixed the roots after
6 hr of treatment and after 24 hr. He also gave roots
which had had 24 hr of treatment a recovery period
of 12, 24, and 96 hr in water before fixing them. No
combination of these treatments, treatment times,
and recovery times stimulated polyploid mitoses in
the roots. Thus, although polyploid cells are known
to exist in pea roots, and although cells which show
polyploid mitoses can be stimulated to divide in pea
root segments in culture, it has not been possible to
stimulate polyploid mitoses in intact pea roots. In
this paper additional attempts to stimulate polyploid
mitoses in intact roots are reported.

Material and methods

PREPARATION OF MEDIA.—The standard medium
used was the S-2 medium with 1 mg/1 kinetin (MAT-
THYSSE and TORREY, 1967a). This medium contains
salts, auxins, and amino acids. Both liquid medium
and solid agar (0.79,) medium were used. In some
experiments S-1 medium, which is the S-2 medium
without the mixture of amino acids, was used. For
experiments with whole plants, solutions of the
auxins or double-distilled water (sterilized by auto-
claving) were used as well. For experiments involving
basal feeding of roots, the standard S-2 medium
with 1 mg/1 kinetin and 0.79, agar was poured into
small 1-dr vials (35 mm X 10 mm). The vials were
then autoclaved in a covered crystallizing dish and,
after the medium had solidified, aseptically placed
horizontally on a sterile petri plate containing solid
agar medium.

PREPARATION OF CULTURES.—Seeds of the garden
pea, Pisum sativum L., variety Alaska, were surface
sterilized with 0.19, HgCl, or a filtered solution of
sodium hypochlorite (59, Pittchlor, Pittsburgh
Plate Glass Co., Pittsburgh, Pa.). They were ger-
minated in sterile double-distilled water in the dark

at 25 C for 60 hr. The details of these procedures are
described in MaTtHYSSE and TorrREY (1967a).

In experiments using whole plants, the young
plant (60 hr old) was transferred aseptically to a rack
of stainless steel wire mesh (approximately 10 mm X
15 mm X 50 mm, with mesh of about 10 wires per
inch), which had been placed inside a sterile test tube
(25 mm X 150 mm). The rack had a hole approxi-
mately 5 mm in diameter in the center, and the root
was placed through this hole. Sufficient sterile liquid
medium was poured into the tube to cover the tip of
the root. The level of the medium was below the rack
on which the cotyledons rested. These plants were
grown in the dark at 25 C for 72 hr.

In the wounding experiments, pea roots of the
variety “Little Marvel” were used. After aseptic
germination for 66 hr, seedlings were suspended on
wire racks in test tubes and the roots provided with
one-quarter-strength Hoagland’s solution. Plants
were wounded by passing a no. 27 hypodermic
needle transversely through the center of the root
axis about 10-11 mm behind the root apex. Plants in
tubes were grown under fluorescent light (16-hr day),
and whole root samples were fixed at 24, 48, and 72
hr. Root segments 1 mm on either side of the wound
were cut, squashed, and stained; their cytological
behavior was compared to that of segments cut from
the corresponding position on unwounded roots.

In experiments using isolated roots or root seg-
ments, the root or segment was excised aseptically
and placed on a sterile culture medium. Solid agar
medium was used in petri plates. Liquid medium was
used in liquid filter paper cultures (MaTTHYSSE and
TORREY, 1967a). A rectangular piece of filter paper
was inserted into a tube. The tube was autoclaved,
and 5 ml of sterile medium were added. The root or
root segment was placed on the filter paper. In
general, unless otherwise specified, the root segments
were placed with the cut surface down on the agar
medium or filter paper. The standard used for these
experiments was a 1-mm segment cut from the tenth
to the eleventh millimeter behind the root tip and
placed with the cut surface on the surface of the agar
medium or on the filter paper so that the vascular
cylinder of the root was oriented vertically. The ori-
entation of the segments with respect to apical or
basal end down was random unless otherwise speci-
fied. The standard medium was the S-2 medium with
1 mg/1 kinetin.

In experiments using basal feeding of roots, the
root was cut from the plant aseptically and placed
horizontally on the surface of the agar medium in a
petri plate with the cut basal end pushed a few milli-
meters into a horizontal vial containing agar S-2 me-
dium with 1 mg/] kinetin. This method of culture
was described by Raccro and Raceio (1956).
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All segment or excised root cultures were grown in
the dark at 25 C for 72-74 hr.

F1xaTION AND STAINING.—The procedures used
for fixation and staining are described in detail in
MarraYSSE and TorREY (1967a). Briefly, the root
segments or pieces of the whole roots were fixed in a
mixture of propionic acid, formaldehyde, isopro-
panol, and distilled water—10:13:150:150, volume:
volume—at room temperature for about 24 hr. They
were then stored in 359, isopropanol. The segments
were hydrolyzed in 1 N HCI at 60 C, stained with
Schiff’s reagent, and squashed on slides. One seg-
ment was placed on each slide. The slides were dehy-
drated and mounted in permount.

ScoriNG OF SLIDES.—The slides were scored for
the frequency of diploid and polyploid mitoses. The
ploidy was determined by chromosome counts. Pea
has a diploid chromosome number of 14, so diploid
and polyploid mitotic figures were easily distin-
guished. In most experiments the mitotic frequencies
were compared using Student’s ¢-test with a standard
which was run at the same time. The results are
reported as none, no significant difference from none,
greater than none, less than standard, no significant
difference from standard, and greater than standard.
Each experimental treatment involved about five
segments and was repeated twice. The separate repe-
titions were each compared with the standard run at
the same time, and the results of the comparison were
combined using Fisher’s method of combining sig-
nificance tests (MosTELLER and BusH, 1954). It was
considered that the experimental material showed no
significant difference from the standard if the prob-
ability of obtaining the difference observed between
the experimental and the standard was greater than
109%. In the experiments on wounding roots of intact
plants only relative frequencies of mitotic figures are
reported.

Results and discussion

ATTEMPTS TO STIMULATE POLYPLOID MITOSES IN
ROOTS OF WHOLE PLANTS.—Whole pea plants were
grown aseptically in tubes on wire racks as described
above. The roots were in sterile double-distilled
water. After 72 hr in culture, 1-mm segments 10, 20,
25, 30, 35, and 40 mm behind the root tip were cut
out, fixed, stained, squashed, and scored for mitoses.
Approximately the same frequency of diploid mitoses
(less than standard but greater than none) was ob-
served in all the segments. There was a slight, but
not significant, tendency for the frequency of diploid
mitoses to decrease with increasing distance from the
root tip. No polyploid mitoses were observed in any
of the segments.

If, instead of water, a solution of 30 mg/l TAA
(pH unadjusted), 30 mg/l IAA (pH 4.5), 5 or 25

mg/1 2,4-D (pH unadjusted), 25 mg/l 2,4-D (buff-
ered at pH 5.5 with 0.1 M phosphate citrate buffer),
S-1 (pH 5.5), or S-2 with 1 mg/1 kinetin (pH 5.5)
was used, no polyploid mitoses were observed in the
tenth millimeter behind the root tip, cut out and
fixed after 72 hr. Diploid mitoses were observed in
the tenth millimeter with all the treatments except
the buffered 2,4-D.

Whole plants were grown aseptically with the
roots in 30 mg/l IAA or 25 mg/l 2,4-D for 8 hr,
followed by 64 hr in double-distilled water. Then the
tenth millimeter was excised and fixed. Diploid mito-
ses were observed in these segments, but no poly-
ploid mitoses were seen. An attempt was made to
repeat the observation of MUHLING ef al. (1960).
Seedling roots were immersed in a solution of 60
ppm 2,4-dichlorophenoxybutyric acid for 24 hr and
sampled immediately or after 1, 2, or 3 days recovery
in auxin-free solution. Tip segments (0-1 mm, 1-2
mm) or segments taken 10-11 mm behind the root
tip all showed frequent diploid mitoses, but no poly-
ploid mitoses were observed.

All of the treatments used on whole plants re-
sulted in some stunting of root growth when com-
pared with the growth in double-distilled water.
Some of the treatments produced thickenings or
bulges on the roots just behind the tip. Such treat-
ments included S-1, S-2, S-2 with 1 mg/1 kinetin,
30 mg/1 TAA for 8 hr followed by 64 hr in water, and
25 mg/1 2,4-D for 8 hr followed by 64 hr in water.
These bulges were excised, fixed, stained, squashed,
and scored for mitoses. All were found to contain a
large number of diploid mitoses and no polyploid
mitoses. LEvan (1939) studied such bulges produced
in onion roots by treatment with IAA. In onion he
observed that these bulges contained many polyploid
mitoses.

The treatments used on intact pea roots were
similar to those in other plants. D’AmMaTo (1952¢)
observed polyploid mitoses in cells in intact roots of
many species of plants after a 3-day treatment in
10, 20, or 50 mg/l 2,4-D. Polyploid mitoses have
been observed in intact onion roots after treating the
roots for 8 hr with 30 ppm 2,4-D and allowing them
to recover in water for 3 days (LEvaN, 1939; Par-
TANEN, 1963a). The fact that the treatments report-
ed above were unsuccessful on intact pea roots agrees
with the findings of MELETTI (1950), HorzER (1952),
and NacL (1963), who were also unable to initiate
polyploid mitoses in intact pea roots with auxin
(TAA or 2,4-D) or auxin and kinetin treatments.
This failure is not due to a lack of capacity of
the cells to respond to such treatments. The S-2
medium with 1 mg/l kinetin initiated polyploid
mitoses in excised pea root segments in culture after
3 days (TorrEY, 1961), but intact pea roots treated
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with the same medium did not show any polyploid
mitoses. These results suggested that either (@) there
was an inhibitory influence of the rest of the plant
(stem, cotyledons, and/or root tip) on the initiation
of polyploid mitoses in the root, (b) there was in-
adequate penetration of the required hormones into
the intact plant, (¢) a wound was required for the
initiation of polyploid mitoses, or () more than one
of these influences was involved. Experiments using
whole roots (without the rest of the plant attached),
wounding of roots or root parts, basal feeding of ex-
cised roots, and treatment of root segments in a vari-
ety of orientations were carried out to determine
which of the possible explanations was correct.
ATTEMPTS TO STIMULATE POLYPLOID MITOSES IN
ISOLATED WHOLE ROOTS.—Whole roots, 15-20 mm in
length, were cut off aseptically from the hypocotyl of
60-hr seedlings and placed horizontally on the surface
of agar medium or on the filter paper of liquid filter
paper cultures so that the uninjured epidermis was in
contact with the medium. The medium used was
S-2 with 1 mg/] kinetin. Diploid mitoses, but no
polyploid mitoses, were observed in the tenth milli-
meter behind the tip of such roots fixed at 72 hr.
Basal feeding was also used to attempt to stimu-
late polyploid mitoses in whole roots. One-dram vials
were filled with about 4 ml of 0.79 agar S-2 medium
with 1 mg/1 kinetin and autoclaved. These vials
were placed horizontally on the surface of sterile
petri plates containing 0.79, agar, agar S-2 medium,
or agar S-2 medium with 1 mg/] kinetin. The cut
end of a root 15-20 mm in length excised from a 60-
hr seedling was placed aseptically in the medium in
the vial. The root was oriented horizontally so that
one side of it touched the agar medium of the petri
plate. The tenth millimeter of such roots was excised
after 72 hr and fixed. No polyploid mitoses were
observed in these pieces.
Thus, although polyploid mitoses were stimulated
in 1-mm pea root segments by culturing them on S-2
medium with 1 mg/] kinetin, this same medium did
not stimulate polyploid mitoses in either the roots of
the intact plant, the excised whole root placed on the
medium, or roots basally fed with this medium.
ATTEMPTS TO STIMULATE POLYPLOID MITOSES BY
WOUNDING ROOTS OF INTACT PLANTS.—The stimula-
tion of polyploid mitoses in intact roots by wounding
is due to stimuli of unknown source. As early as 1905
NEMEC reported observing mitotic figures with high
chromosome number in wounded roots. More recent
reports include those of GRAFL (1939) and D’AmATO
(1948). Stimulation by wounding is complex to inter-
pret, since wounding may involve an increased access
of cells to the surrounding solution, the release of
substances from the wound which may stimulate

mitotic activity, or interference with normal trans-
port within the organ.

Roots of seedling pea plants grown in dilute in-
organic solution and wounded by passing a needle
through the mature tissues of the root were sampled
from the wound site at 24, 48, and 72 hr after wound-
ing. The occurrence of diploid and polyploid mitoses
was compared with samples taken from intact roots
of the same age. Table 1 shows relative frequencies of
mitoses in roots sampled from such a time sequence.

It is clear from these results that wounding ini-
tiated mitoses in both diploid and polyploid cells of
seedling roots which showed no polyploid mitoses
when unwounded. Polyploid mitoses were observed
at all three sampling times and were most frequent
at 48 hr. They were much less frequent, however,

TABLE 1

RELATIVE MITOTIC ACTIVITY IN INTACT
AND WOUNDED PEA SEEDLING ROOTS

MiToSES®
TIME AFTER
TREATMENT
(u®) Diploid Polyploid
Intact roots:
7 S + 0
48. ... ... .. + 0
T2 .. + 0
Wounded roots
........... +++ ++
48. ... +++ ++
T2........... +++ +

s Mitotic frequencies are reported as follows (based on
number of mitotic figures counted): 0 = none; + = 1-10
+4 = 11-20; ++4+ = >20 mitoses counted per sllde

than diploid mitoses at any of the sampling times.
Chromosome counts indicated that the polyploid
cells were mostly tetraploid. These results raised the
question of the importance of wound stimulation
per se in the mitotic activity of root segments ex-
cised and cultured in vitro as well as the position of
the wound relative to the root axis. Therefore, ex-
periments were designed to test the effect of wound-
ing at cut surfaces.

EFFECT OF THE POSITION OF THE CUT SURFACE.—
Segments of 1 mm were cut from the tenth milli-
meter behind the root tip of pea seedlings germinated
for 60 hr. In the standard treatment these segments
were placed with one cut surface down on the sur-
face of solid agar S-2 medium with 1 mg/1 kinetin so
that the vascular cylinder was oriented vertically
(fig. 1a). When these 1-mm segments were cut in half
along the vascular cylinder and placed with one cut
surface down on the same medium so that the cut
vascular cylinder was oriented horizontally (fig. 18),
then the frequencies of diploid and polyploid mitoses
after 74 hr were the same as those of the standard.
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Thus the horizontal cut and the horizontal, as op-
posed to the vertical, orientation of the segment had
no effect on the frequency of diploid and polyploid
mitoses.

In additional experiments, 1-mm segments were
cut in half longitudinally along the vascular cylinder,
and both halves were cultured on 0.79, agar S-2
medium with 1 mg/l kinetin. One half was placed
with the longitudinal cut surface down on the medi-

vascular
cylinder

agar medium

a. Standard vertical
orientation of a
I-mm segment

_root tip

agar medium ‘5

c. Horizontal cut
root with root
tip attached

N’

—_—

ses were observed in these segments. The results of
this experiment are shown in table 2.

These observations would indicate that the pres-
ence of a wounded surface alone is not sufficient to
elicit polyploid mitoses. Indeed, the S-2 medium
with 1 mg/l kinetin only stimulates polyploid mi-
toses in root segments if a cut surface of the segment
touches the medium. Thus, the stimulatory sub-
stances evidently are unable to pass through the in-

vascular

cylinder

b. Horizontal I-mm
segment with the
cut surface down

vascular
cylinder vascular

cylinder.

———
L
agar medium

d. Horizontal I-mm
segment with the
cut surface up

@-vasculor cylinder
+top

—+middle

~bottom

—
agar medium

e. 3-mm root segments

Fic. 1.—Orientations of root segments in tissue culture

um (fig. 15), and the other half was placed with the
intact epidermis down on the medium and the longi-
tudinal cut surface up (fig. 1d). The segments were
cultured for 72 hr and then fixed. The frequencies of
diploid and of polyploid mitoses observed in the
segments with the longitudinal cut surface down were
the same as those observed in the 1-mm vertical
segments. The frequency of diploid mitoses in seg-
ments with the cut surface up was slightly less than
the standard, but a significant number of diploid
mitoses was still observed. Very few polyploid mito-

tact epidermis of the root. This observation would
explain all of the failures to stimulate polyploid
mitoses in intact roots by chemical treatment.
EFFECT OF THE ROOT TIP.—Experiments were
carried out to test whether the presence of the root
tip had an effect on the initiation of polyploid mitoses
in treated roots. Roots 10-15 mm in length were
excised from seedlings 60 hr old. The roots were
split in half longitudinally from the second millime-
ter behind the tip to the basal end. This procedure
gave two pieces from each root, one with an attached
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intact root tip and the other without the root tip.
These pieces were placed with the longitudinal cut
surface down on 0.79, agar S-2 medium with 1 mg/1
kinetin (fig. 1¢). The tenth millimeter behind the
root tip was excised and fixed after 72 hr in culture.
The frequencies of diploid and polyploid mitoses
were the same in pieces with and without the root tip.
This result suggests that the root tip has no effect on
polyploid mitoses 10 mm behind the tip and that the
failure to induce polyploid mitoses in whole intact
roots is not due to an inhibition of polyploid mitoses
by the root tip. However, this conclusion must be
tentative, since the cuts which were made to produce
these root pieces injured the vascular tissue. This
damage could prevent inhibitory substances from
the root tip from reaching the tenth millimeter be-
hind the tip in the cut root pieces.

EFFECT OF USING 1-MM SEGMENTS FROM VARIOUS
PARTS OF THE ROOT.—Segments of 1 mm were ex-
cised from 0-1 mm, 2-3 mm, 4-5 mm, 6-7 mm, 8-9
mm, 10-11 mm, 12-13 mm, and 14-15 mm behind
the root tip of 60-hr-old pea seedlings. These seg-
ments were cultured on the S-2 medium with 1 mg/1
kinetin in liquid filter paper cultures and fixed after
72 hr. Approximately the same frequency of diploid
mitoses was observed in all segments. No polyploid
mitoses were observed in the first segment (0-1 mm).
Approximately the same frequency of polyploid
mitoses was observed in all other segments.

In another experiment whole pea seedlings ger-
minated for 60 hr were placed aseptically in wire
racks in tubes with the root dipping into sterile
double-distilled water. After 72 hr, 1-mm segments
were excised 10, 20, 25, 30, 35, and 40 mm behind
the root tip. Some of these segments were fixed at
once. The others were placed aseptically in liquid
filter paper culture tubes with S-2 medium with 1
mg/] kinetin. After 72 hr in culture they were fixed.

Some diploid mitoses were observed in all the
segments fixed immediately after excision. No poly-
ploid mitoses were observed in any of these segments.
An increased frequency of diploid mitoses was ob-
served in all segments after 72 hr in culture on S-2
medium with 1 mg/] kinetin. The frequencies of
diploid mitoses in the various segments were approx-
imately the same. Polyploid mitoses were also ob-
served in all segments after 72 hr in culture. There
were no significant differences in their frequencies in
different segments.

Thus no polyploid mitoses were observed in un-
treated roots, although a few diploid mitoses were
observed as far as 40 mm behind the root tip. Poly-
ploid mitoses were observed in treated 1-mm seg-
ments excised 2-40 mm behind the root tip. No
polyploid mitoses were seen in the first millimeter of
the root tip. These results can be compared with the

data of McLEisH and SunNDERLAND (1961) on the
occurrence of cells with DNA values above the
diploid level in pea roots as determined by micro-
spectrophotometric absorption measurements. They
found only cells with the diploid amount of DNA in
the first two millimeters of the pea root and an in-
creasing frequency of cells with larger amounts of
DNA 2-8 mm behind the root tip. Thus the poly-
ploid mitoses which can be stimulated in excised pea
root segments could be mitoses of pre-existing poly-
ploid cells.

EXPERIMENTS USING 3-MM ROOT SEGMENTS.—
Segments 3 mm in length were excised 10-13 mm be-
hind the root tip of 60-hr-old pea seedlings. These
segments were cultured on agar S-2 medium with 1

TABLE 2

EFFECT OF THE POSITION OF THE CUT SUR-
FACE IN ROOT SEGMENTS SPLIT ALONG THE
AXIS AND PLACED HORIZONTALLY ON
THE MEDIUM

MITOSES®
PosiTION
Diploid Polyploid
Cut surface down..... S S
Cut surface up....... S—* +/—
+*

a Mitotic frequencies are reported as follows: 0 = none;
~+/— = no significant difference from none; 4 = greater
than none; S— = less than standard; S = no significant dif-
ference from standard. For a standard, 1-mm segments
were placed vertically on the S-2 medium with 1 mg/1
kinetin.

* These results are significant at the .01 level. The statis-
tical methods used are described in the text.

mg/] kinetin. They were placed with one of the cut
surfaces down on the surface of the agar medium so
that the vascular cylinder was oriented vertically
(fig. le). It was noted whether the apical (toward
the root apex) or the basal end of the root segment
was placed in contact with the medium. After 74 hr
in culture those segments which had fallen over were
discarded. The segments which had remained upright
were cut into three 1-mm pieces, that is, top, middle,
and bottom. These pieces were fixed, squashed, and
scored separately. The results of these experiments
are shown in table 3. The standard used was 1-mm
segments placed with the vascular cylinder ver-
tically on the same agar S-2 medium with 1 mg/l
kinetin. A significant number of diploid mitoses
were observed in all three pieces whether the apical
or the basal end of the long segment had been placed
down on the surface of the medium. There were
fewer diploid mitoses in the top piece than in the
bottom piece with either orientation. A significant
number of polyploid mitoses were observed only in
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the bottom piece. This observation suggests that
some substance or substances from the medium
which are necessary for the stimulation of polyploid
mitoses do not penetrate more than about 1 mm into
the tissue. The lack of effect of the orientation of the
segments (apical or basal end down) suggests that
this substance is not transported but that cells at
either end of the 3-mm segment can be induced to
divide as polyploid cells if exposed directly to both

TABLE 3

EFFECT OF ORIENTATION AND DISTANCE
FROM SURFACE OF THE CULTURE MEDI-
UM IN THREE-MILLIMETER ROOT SEG-

MENTS
MiTOSES®
ORIENTATION AND PIECE
Diploid Polyploid
Apical end down:
10) - A, S—* +/-
+*
Middle........... S— 0
4%
Bottom.......... S S—*
.......... +*
Basal end down:
Top. v ovvinn.. S—* +/—
+*
Middle......... .. S +/-
Bottom.......... S S
a Mitotic frequencies are reported as follows: 0 = none;
-+/— = no significant difference from none; + = greater
than none; S— = less than standard; S = no significant

difference from standard. For a standard, 1-mm segments
were placed vertically on the S-2 medium with 1 mg/l
kinetin,

* These results are significant at the .01 level. The
statistical methods used are described in the text.

auxins and kinetin. However, it should be noted that
the frequencies of both diploid and polyploid mitoses
tended to be slightly higher in pieces of segments ori-
ented with the basal end down. This may be due to a
slightly better penetration of the stimulatory sub-
stances into the root tissue or to the fact that seg-
ments with the basal end down are more stable and
make better contact with the medium than segments
with the apical end down, since, in general, the basal
end is larger than the apical end.

The identity of the substance which is required

for the initiation of polyploid mitoses, and which
does not penetrate more than about 1 mm into the
pea root tissue, is not known. It is known that the
appearance of polyploid mitoses is observed in seg-
ments cultured in the presence of auxin, kinetin,
salts, sucrose, and vitamins in the culture medium
(TorrEY, 1961; MaTTHYSSE and TORREY, 1967a).
Since there is no reason to suppose that the penetra-
tion of sucrose, salts, or vitamins should be difficult
in this tissue, the most probable limiting substance
from this list of requirements seems to be either the
auxins, 2,4-D and TAA, or kinetin. Kinetin transport
rather than auxin transport might be expected to be
the limiting factor, however, since where kinetin
transport has been studied, it has been found gen-
erally to be rather low (SETH, DAVIES, and WAREING,
1966), whereas BoNNETT (1964) found that there was
auxin (IAA) transport in Convolvulus root segments
excised from the region of the root used in these
studies (10~20 mm behind the root apex).

Cells of intact roots are not stimulated to divide
by externally provided hormonal substances because
they are unable to penetrate the root epidermis in the
region of the mature tissues.

Since the wounding produced by cutting root seg-
ments for culture on S-2 medium does not elicit
polyploid mitoses, one must conclude that the stimu-
lation of polyploid mitoses by wounding of intact
seedling roots involves an effect of the needle wound
on transport of materials which can elicit polyploid
mitoses. Synthesis of cytokinins in roots seems now
well established, and their movement from root tips
to the shoot via the vascular system has been demon-
strated (see review by KenpE and SirTon, 1967).
It seems probable that the wound caused by the
needle actually blocks the normal flow of substances
in the vascular tissue. A localized increase in concen-
tration of these substances would result in mitoses of
polyploid cells.

One is led to suggest that, in pea, endogenous
cytokinin produced in the root tip and transported
from the root to the shoot is the material whose
transport is blocked by the wound and whose accu-
mulation leads to polyploid mitoses at the site of the
wound.
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