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Abstract. -- A standardi zed met hodol ogy does
not exist for determining the mtotic index (M)

of conifer shoot tips.
dure coupled with horizontal

A Feul gen staining proce-
scanning at fixed

vertical intervals is proposed as a reliable and
repeatable nethod to determine M. Anatonical and
cell cycle factors which affect mtotic activity
and influence interpretation of M data are dis-

cussed.

| NTRODUCTI ON

Mtotic index (M), the percentage
of cells in mtosis, has been success-
fully used to observe changes in seed-
l'ing shoot apices of conifers under
natural and experimental growth condi -
tions using squash preparations (Carlson
et al. 1980, Carlson 1985, Col onbo et
al. 1989, OReilly et al. 1989). Howev-
er, the anatom cal region(s) of tissue
squashed, as well as the staining and
sanpl i ng procedure has varied. This has
made conpari son between studies diffi -
cult, especially in terms of the magni-
tude of M. As use of M increases a
st andar di zed net hodol ogy to determ ne
and interpret M data is needed.

A practical squash techni que shoul d
al | ow many sanples to be processed
easily and quickly, allow short term
storage at certain stages, and consist-
ently produce high quality pernmanent
preparations. A practical sanpling
procedure should allow rapid and obj ec-
tive sanple selection of a m ni mum
nunber of cells per squash, adequately
represent the mtotic activity of the
whol e apex, allow sanpling of |arge and
smal | api ces w thout mgjor procedura
nmodi fi cation, and produce a snall stand-
ard error. This was acconplished with

lpaper presented at the Western
Forest Nursery Council Conference,
[ Roseburg, Oregon, August 13-17, 1990]
2james Grob, Devel oprment al Physi ol -
ogi st, Weyer haeuser Co., Tacoma, WA

i nproved Feul gen staining techni ques and
fixed interval horizontal scanning.

MATERI ALS AND METHODS
Preparati on of Shoot Tips

1. Dissect down to last 2-3 prinordia
or bud scal es covering the apical done.

2. Fix in cold, 4°C 10% neutral formalin
for a minimmof 24 hours (storage
stage). Sanpling apices for fixation
shoul d be done at a constant tine of the
day such as predawn (Carlson 1985) in
order to avoid diurnal variability.

3. Wash in cold distilled water for 24
hours, changing the water 3 tines.

4., Hydrolyze in SN HO at 20° C for 50-
60 minutes (optimumhydrolysis duration
may vary slightly between species).

5. Stain in Schiff’s reagent (use basic
Fuchsin) for 2 hours in the dark.

6. Wash 3 tines in SO water for 30
m nutes total.

7. Store in 4° Cdistilled water until
needed (storage stage).

Di ssection and Squash Preparation:

1. Renove remmi ning bud scal es and/ or
prinordia. Use a triple 0 i nsect pin or
m croscal pel (Beaver Mcrosharp 7511) to
cut across the base of the apical dome



at point of insertion of the last pri-
nmor di um

2. Use the microscalpel to lift apex
away fromrenaining tissue and place in
a drop of 45% acetic acid on a frosted
sl i de.

3. Place a 22 X 22 nmcoverslip over
done. Use the eraser end of a pencil to
gently squash the done without causing

| ateral novenent of the coverslip (which
can cause cell shear).

4. Place slide face up on a bl ock of
flat dry ice until frozen (approximately
30 seconds).

5. Wiile the slide is still on the dry
ice, use a fine, double edge razor bl ade
to pry the coverslip fromthe slide. The
squash will remain on the slide.

6. Quickly place the slide into 95%
al cohol for 2-3 mnutes, then 100%
al cohol for 2-3 m nutes.

7. Wiile still wet with 100% al coho
mount wWith a new coverslip in eupara
(Carolina Biological Supply).

Sanmpling the Squash Preparation

1. Use a square ocular counting grid
with defined median vertical and hori -
zontal |ines which produce a sanpling
point (Fig. 1). Determ ne the vertica

di stance fromthe top and bottom hori -
zontal lines to the sanpling point under
40X magni fication (this shoul d be around
100- 200 microns). This is your vertica

i nterval

2. Place the top horizontal line at top
of the squash and nove the sanpling
point to |eft of the squash (Fig. 2).

3. Scan fromleft to right counting any
nucl ei or chronmpbsones whi ch make cont act
with the sanpling point. Do not sanple
brown, tannin containing cells of the
pith which are often found in the center
of the squash or elongate nuclei which
are fromthe procanbium Count only one
net aphase, anaphase or tel ophase figure
per pair since both figures represent
one nitosis.

4. At the end of a scan find a distinc-
tive nucleus or mtotic figure which
intersects the bottom horizontal Iine.
Move the sanpling point to this position
then nove it back to the left side of

t he squash and begin the second scan
Continue scans until the squash is
conpletely sanpled (Fig. 2).
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Figure |.--D agrammatic representation

of ocular counting grid used in
hori zontal scanning. The sanpling
point is created by the cross sec-
tion of the median horizontal (MED
H) and nedi an vertical (MED V)
lines of the grid. A constant
vertical interval between scans is
mai nt ai ned by using the distance
fromthe top or bottom horizonta
lines (TOP Hor BOT H to the
medi an horizontal line (MED H).

5. Determine M by the foll owi ng equa-
tion:

M=(# mtotic figures counted/ total
cells counted) X 100.

6. When analyzing M data statistically
use the arcsin transformation to nornmal-
ize the data. Do not nmultiply by 100
when using the arcsin transformation

To test this sanpling technique 10
squash preparations of loblolly pine
seedling shoot apices in free growh
were sanpl ed using a vertical sanpling
interval of 200 microns and then re-
sanpl ed at a 40 nmicron interval. The 40
mcron interval did not sanple every
cell in the squash but was sufficiently
intensive to determine if horizonta
scanning at 200 m crons was an accurate
neasure of M. The effect of vertica
interval on nean M was conpared using a
paired t-test after arcsin transforma-
tion.

RESULTS

Squash preparations using the Feul -
gen reaction produce visually excellent,
per manent preparations of nuclei and
mtotic figures (Fox 1969, G eil huber
1986). This visual clarity allows early
prophase and | ate tel ophase figures to
be identified. Prophase figures are
identified by nuclei with visible chro-
nosones which in early stages appear
granular with a | obed perineter, while
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Figure 2. --Diagramatic representati on of sanpling for
mtotic index using a series of horizontal scans

(Sl,S2,S3) at a fixed vertical

tel ophase figures are identified by

pai red asymmetrically shaped, reformng
nucl ei which often have a convol uted
perinmeter. Wen nore than one observer
is measuring M, observers should be in
vi sual agreenent on what constitutes
prophase and tel ophase figures.

Si nce preparations are nade perna-
nent (Conger and Fairchild 1953), sam
pling to determne M does not have to
take place at the sane tine as squash
preparation. This feature in conjunction
with the two storage stages during the
staining process offer considerable
flexibility for preparing and sanpling
squashes when tine is available. This is
advant ageous in seedling studies where
ot her physi ol ogi cal paraneters nay
requi re nore i nmedi ate measurenent. Wth
practice, dissection and squash prepara-
tion becones rapid and routine.

Hori zontal scanning at 200 micron
intervals is both a rapid and objective
method to determine M. Wth practice a
squash preparation can be neasured in
5-8 mnutes. The intensive 40 mcron
interval was time consum ng, increased
the nunber of cells counted five-fold
and resulted in a insignificant differ-
ence in mean M (Table 1). Horizonta
scanning at 200 micron intervals repre-
sents an accurate method to determ ne
the M of loblolly pine shoot apices.
An appropriate vertical interval should be
determned in this way for each conifer

speci es since differences in cell size

i nterval

and apex size are likely.

Table | .--Mtotic index assessed by
hori zontal scanning at 2 vertica
i nterval s.
Verti cal Mean cells Mean M St andard
i nterval count ed/ apex Error
(m crons)
200 430 6. 42 .40
40 2199 5.99 .23
Paired t-test t=l.41 p=. 192
DI SCUSSI ON

The anat om cal conponents of the
shoot tip nust be recogni zed when pre-
pari ng squash preparations. These in-
cl ude the shoot apex, foliar prinordia,
bud scal es and the shoot axis. These
regions vary in the nagnitude and tim ng
of their mitotic activity during the
annual cycle of growh (Omens and Si np-
son 1988, Fielder and Oaens 1989).
Preparati on of specific anatomca
regions will avoid these difficulties.
The api cal done represents the nost
appropriate region for squash prepara-
tion since it generally lacks the high
| evel s of cellular tannins and vascul ar
ti ssue present in other regions. Mas-
urenment of apical done height and w dth



on freshly di ssected apices before
fixation provi des additional infornmation
since apex size correlates with stage of
devel opnent and done activity (Fielder
and Onens 1989).

Mtotic index determ ned by hori -
zontal scanning provi des an accurate
nmeasure of the mtotic activity of the
entire apex (G ob 1990). However, as M
approaches zero in winter, horizonta
scanning wi Il not be an accurate neasure
of when nmitosis ceases. Previous studies
(Carlson et al. 1980, Carlson 1985,

Col onbo et al. 1989) have neasured M in
the nost active region of the apex. This
was a conservative neasure of when
mtosis began or ceased, but represented
an inflated neasure of the mtotic
activity of the apex.

The objectives for examining mtot-
ic activity will determ ne the neasure-
ment net hod used. To deternine when
mtosis ceases, the scanning nethod is
not necessary. The visual presence or
absence of mitosis in the entire squash
wi thout determining M is adequate.
However, where relative changes in M
are required or in species such as
loblolly pine which never reach a M of
zero during winter (Carlson 1985), the
scanni ng met hod shoul d be used. If
desired, both M and the presence/ ab-
sence of nitosis can be determ ned
concurrently.

The cell cycle is a fundamenta
concept at the cellular |evel. The cel
cycle consists of 4 stages; two “gap”
stages (& and &), a period of DNA
synthesis (S), and mtosis (M. Mtotic
index is a useful neasure because it is
responsi ve to changes in two cell cycle
paraneters; the duration of the cell
cycle (the time taken to proceed through
Gl, S, & and M and the growh fraction
(the proportion of the cell population
proceedi ng through the cell cycle).

Changes in cell cycle duration and
the growth fraction alter interphase
stages in relation to mtosis. This
changes the proportion of cells in
mtosis at any tine t, and therefore M
(Wal ker 1954). Gl is a particularly
i mportant interphase stage since it is
the |l ongest cell cycle stage (M ksche
1967), and because nost cells in the
shoot apex accunmul ate in this stage
during the fall and winter as M reaches
zero (Onens and Mol der 1973, Cottignies
1979).

This close rel ationshi p between M,
i nt erphase stages and cell cycle status
is the rationale for using M as a

measur e of seedling dormancy. Wen
interpreting M data these rel ationships
shoul d be consi dered. Measurenment of M
conpl enents current physiol ogi cal and
devel opnental tests of seedling quality,
and will provide a useful cellular
paraneter to correlate future tests

whi ch use bi ocheni cal and nol ecul ar

nmet hods.
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