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ABSTRACT

Loss of seed viability in lettuce (Lactuca sativa L.) during storage is associated with an increase in the
frequency of cells in the surviving seeds showing chromosome damage during first mitoses. The relation
is linear when probit of the frequency of aberrant cells is plottéd as a function of probit percentage normal
germination. The slope of the relation, however, varies according to moisture content so that the proportion
of aberrant cells for any given loss of germination increases with decrease in moisture content over the
range 13:0-5-5 per cent. At 3-3 per cent moisture content, however, the proportion of aberrations was no
greater than at 55 per cent moisture content; and at 181 per cent moisture content the proportion was no
less than at 13-0 per cent moisture content. Despite these differences, the increase in chromosomal
aberrations per unit time for a given temperature was always less the lower the moisture content, Diplontic
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selection markedly reduced the frequency of chromosomal aberrations and eliminated the differences in »

these frequencies between the different storage treatments. But even after five weeks’ growth, root tips from
aged seed still contained about twice as many aberrant cells as compared with similar root tips derived from
the original seed stock. Studies on the frequency of recessive mutations indicated that excessive amounts
of heritable mutations were not present in the progenies of aged seed, even when stored at moisture contents
as low as 55 per cent. All this and other eviderice reinforces the view that orthodox seeds for genetic
conservation should be stored at not more than about 5 per cent moisture content, and that even lower
moisture contents are worth considering. The results also emphasise the need for maintaining a high
regeneration standard, i.e. the percentage to which seed viability is allowed to fall during storage before
the seed stock is regenerated.

Key words: Lactuca sativa, lettuce, seed storage, seed viability, chromosomal aberrations, phenotypic

mutations.

INTRODUCTION

Several phases have been recognized in the
development of our understanding of the ac-
cumulation of chromosome damage during seed
storage (Roberts, 1978, 1987). In the early 1930’s
several independent laboratories showed that
chromosomal aberrations and gene mutations, or
the events which give rise to them, are induced
" during seed storage (e.g. Navashin, 19334, b; Peto,
1933; Cartledge and Blakeslee, 1934; Avery and
Blakeslee, 1936). Later that decade it became
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evident that chromosome damage is a function not
only of the time but also of temperature and
moisture content (e.g. Navashin and Gerassimova,
19364, b; Cartledge, Barton and Blakeslee, 1936).
The fact that increase in both temperature and
moisture content also decrease longevity then led
to the examination of the relation between seed
viability and chromosome damage. Over a certain
range of temperatures (25-45°C) and moisture
contents (12-18 per cent), the amount of chro-
mosome damage which accumulates in seeds can
be simply related to the percentage viability of the
seed lot, and the relation is unaffected by storage
conditions or the rate of loss of viability (Roberts,
Abdalla and Owen, 1967; Abdalla and Roberts,
1968; Murata, Roos and Tsuchiya, 1979, 1981;
Dourado and Roberts, 19844). In contrast it has
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recently become evident that when seeds are fully
imbibed (at about 50.per cent moisture content)
and can be prevented from germinating, their
longevity is considerably greater than when they
are stored at somewhat lower moisture contents
(Villiers, 1975; Villiers and Edgcumbe, 1975)
providing oxygen is present (Ibrahim and Roberts,
1983; Ibrahim, Roberts and Murdoch, 1983).
Under such fully hydrated conditions little chro-
mosome aberration was observed (Villiers, 1974,
1975). However, in these cytological experiments
on fully imbibed seeds there was no loss of
viability, and it was still not clear at this stage
whether the relationship between loss of viability
and the amount of chromosome aberration in-
duced would have been any different from drier
seeds had the imbibed seeds been maintained until
some loss of viability had occurred.

Recently when data from Harrison (1966) and
Villiers (1975) on lettuce were replotted as per-
centage of seeds or cells “containing aberrant
chromosomes as a function of percentage seed
viability (Roberts and Ellis, 1984) the results
suggested the possibility that, for a given loss of
viability, the accumulation of chromosome
damage may be greater at moisture contents less
than about 7 per cent. Indirect arguments also
suggested that there may be less chromosome
damage at very high moisture contents as a result
of the postulated operation of repair processes
which are not possible in dry seeds (Villiers, 1975).
This possibility was first suggested for fully
imbibed lettuce seeds at about 50 per cent moisture
content ; although subsequent experiments indicate
that such mechanisms are most active in fully
hydrated seeds they also suggest that at least some
repair is possible down to a critical seed moisture
content which is about 15 per cent in lettuce and 18
per cent in onion (Ibrahim, 1981; Ibrahim and
Roberts, 1983); in contrast to these oily seeds, in
non-oily seeds the evidence suggests that the critical
moisture content occurs at a much higher moisture
content — 26-28 per cent (Roberts, 1986) or even
28-30 per cent (Petruzzelli, 1986)—but in all
species probably at a similar water activity of
about 0-95 (Roberts, 1986) or water potential of
about —14-5 MPa (Roberts, 1987),

The earlier concept that the amount of chro-
mosome damage could be considered solely as a
function of percentage viability irrespective of
moisture content was therefore put in doubt. This
suspicion was confirmed by investigations on
onion seed in this laboratory which showed that
although storage at moisture contents between
12-2 and 17-4 per cent did not affect the relationship
between percentage seed viability and the fre-

quency of chromosomal aberrations, at 36 per cent
moisture content the proportion of aberrant
anaphases for a given loss of viability was
significantly less (Sirikwanchai, 1985; Roberts,
1987).

In this paper the question has been investigated
much more comprehensively in lettuce seeds in
which particular attention has also been paid to
very dry seeds. Very dry seeds were included, not
only because the indications were that chromosome
damage may be more severe for a given loss of
viability under such conditions, but also because
there is now considerable interest in the use of
ultra-dry conditions as a potentially inexpensive
method of long-term storage of seeds for genetic
conservation which avoids refrigeration (IBPGR,
19854). For example, in Sesamum indicum L. a
reduction in seed moisture content for storage
from 5 to 2 per cent increased seed longevity by a
factor of 40 (Ellis, Hong and Roberts, 1986). This
result suggests that storage at 20 °C and 2 per cent
moisture content, for example, may result in similar
longevity to that at —20 °C and 5 per cent moisture
content — thus removing the need for refrigeration
in some circumstances.

Clearly in the context of genetic conservation it
is important to know the consequences for chro-
mosome stability of using the low moisture
content already recommended, viz. 5+2 per cent
(IBPGR, 1985b), as well as the even lower moisture
content of 2-5-3-0 per cent now contemplated. The
induction of chromosomal aberrations themselves
are not worrying, since they tend to be lost
through diplontic selection (Gaul, 1961; Abdalla
and Roberts, 1969 b; Murata, Tsuchiya and Roos,
1984). Nevertheless they give some indication of
the extent to which heritable point mutations have
been induced which are much more difficult to
quantify directly but which have significant con-
sequences for genetic conservation and main-
tenance of elite seed stocks (Roberts and Ellis,
1984; Dourado and Roberts, 1984b; Roberts,
1987). Accordingly in this study we also in-
vestigated whether storage of very dry seeds
influenced the frequency of chromosomal aber-
rations in later mitoses, and whether it had any
major influence on the incidence of heritable point
mutations which are expressed in subsequent
generations.

MATERIALS AND METHODS

Untreated achenes (described here as seeds) of
lettuce (Lactuca sativa L. cv. Trocadero Improved)
of 55 per cent moisture content (fresh weight
basis) and showing 98 per cent normal germination
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were used in this study. These had been purchased
in 1978 and stored subsequently at —20 °C until
the work started in 1984. Seed moisture contents
were adjusted by placing the seeds on moist paper
for a short time to increase moisture, or by placing
in a desiccator over silica gel at 20 °C to reduce

moisture. After adjustment the seeds were left to.

equilibrate for 24h at 3+1°C within sealed
containers, before moisture contents were deter-
mined by the high constant temperature oven
method of the International Seed Testing As-
sociation, viz. 1h at 130-133°C in a forced
draught oven (ISTA, 19854, b) and expressed as a
percentage of their initial weight. Seeds at each
-moisture content were then divided into sub-
samples of between 500 and 750 seeds and each
sub-sample sealed within a laminated aluminum
foil packet (50 x 100 mm). The seeds were then
stored for different periods at various combin-
ations of moisture and temperature. Sub-sample
size was varied according to the severity of the
treatment in order to provide sufficient viable
seeds for the cytological investigations described
below.

Following storage the seeds were set to ger-
minate on top of moist filter papers (Whatman
181) at 20 °C under continuous white fluorescent
light for 7 d in two distinct groups. The first group
comprised 400 seeds for a standard germination
test in which the seedlings were evaluated according
to ISTA rules (ISTA, 19854, b); that is only
seedlings which produced morphologically normal
roots and shoots were considered to have ger-
minated (normal germination). The remaining
seeds were also set to germinate under these
conditions, in this case to provide roots for the
cytological investigations. Germinating seeds were
collected on several occasions during each test (to
ensure a random selection of both rapid and slow
germinating seeds). Since the occurrence of the
first mitotic divisions is known to be delayed in
relation to root extension in aged seeds (e.g.
Abdalla and Roberts, 1968 ; Dourado and Roberts,
1984 a), seeds were selected when their radicles
were between 10 and 1:5 mm, 1-3 and 1:8 mm, or
I'5 and 2-0 mm depending upon whether normal
germination was anticipated to be greater than 85
per cent, betweep 50 and 85 per cent, or below 50

' per cent, respectively. These lengths were det-
ermined from the results of a preliminary study of
this seed lot.

The germinating seeds were fixed in a 33 per cent
solution of acetic acid in ethanol for 24 h. They
were then rinsed in distilled water and stored
temporarily at 3 °C in a 70 per cent solution of
ethanol in water. The germinated seeds were later

immersed in 1 N hydrochloric acid at 60 °C for
.10 min to hydrolyse the radicles, then immersed in
Schiff’s reagent (BDH Chemicals) for 45-60 min
at laboratory temperature. The root meristems
were then excised from the radicle tips, one drop of
1 per cent aceto-carmine was added, and the root
squashes were prepared using a separate slide for
each meristem.

Chromosome damage was assessed by counting
all cells at anaphase and recording the number in
which aberrations (fragments and/or bridges)
were observed. At each sampling time approxi-
mately 500 cells at anaphase were scored. This
required examination of 15-35 root tip squashes.

The data were subjected to probit analysis using
the package GLIM. Since lifespans are typically
distributed normally, many symptoms of de-
terioration relate more simply to the probit of
percentage viability rather than to untransformed
values (Roberts, 1986). Accordingly, percentage
normal ‘germination values were transformed to
probits and treated as the dose (unweighted and
independent values on the x axis). The frequency
of aberrant cells (those containing one or more
chromosome aberrations) were also transformed
to probits and treated as the dependent variable.
Thus the central, more reliable, values of the
frequency distribution of accumulated aberrant
cells were weighted according to the principles of
probit analysis. The linear relations derived justi-
fied this method of analysis and allowed an
iterative routine to be developed within GLIM in
order to provide the best estimate of the original
status of the seed lot with respect to the incidence
of aberrant cells and normal germination.

The influence of seed storage environment on
the frequency of chromosome damage which
appeared in later mitoses was studied using seeds
from five storage regimes of the main experiment.
Root tip squashes from five-week old plants grown
from stored seeds were compared with roots taken
from control plants of the same age grown from
the original stock of seeds. In each treatment 15
plants were grown in potting compost (Levington
Universal) at 15 °C for five weeks, and three root
tips were taken from each plant for cytological
studies.

Two experiments were undertaken to study the
influence of seed storage conditions on the induc-
tion of phenotypic mutations. Seeds were stored
under various conditions in sealed packets. The
aged seeds were designated A, and were sown in
Seed Compost (Levington) in a glasshouse at
15°C. After three to four weeks the seedlings
were transplanted into peat blocks and then into
field plots under a glass shutter (first experiment)
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or into pots containing compost in glasshouses
(second experiment). At maturity the seeds from
each plant (designated A,) were collected sep-
arately, dried to 6 per cent moisture content in a
forced draught at 20 °C and 25-30 per cent r.h,,
cleaned in a seed blower and stored in moisture-
proof plastic bags at 3 °C. These A, seeds were
sown in compost in the glasshouse at 15 °C. After
three to four weeks each line was screened for
putative mutant phenotypes. Then at maturity A,
seeds were collected from lines containing' mu-
tations and subsequently grown in the glasshouse
to determine segregation ratios.

RESULTS AND DISCUSSION

Effect of seed storage environment on induction of
chromosomal aberrations .

Lettuce seeds were stored in sealed packets in 12
different combinations of temperature and moi-
sture content. They included six moisture contents
from 3-3 to 181 per cent and five temperatures
from 30 to 60 °C (Fig. 1). An orthogonal design
was not used since seed longevity would have been
very prolonged (at least several decades) in several
combinations of the lower temperatures and
moisture contents used; but at each moisture
content seeds were stored at two different but
appropriate temperatures in order to confirm
whether any conclusion with respect to moisture
content was temperature-dependent.

Within each treatment viability was lost, as
would be expected, at a rate which was dependent
on temperature and moisture content: decreasing
either increased longevity (Fig. 1). At the same
time within each treatment the percentage of
anaphase cells at first mitosis which showed
chromosome abnormalities (bridges or fragments)
increased with period of storage (Fig. 2). The
increase in aberrant cells per unit time differed
markedly between the treatments as did the
maximum number of aberrant cells accumulated.
In general it is clear that the higher the temperature
and moisture content, the more rapidly seeds lost
viability and the more rapidly chromosomal
aberrations were induced. Furthermore it is clear
that the maximum number of chromosomal aber-
rations that can accumulate is greater at lower
moisture contents.

In order to clarify the effect of moisture content
on the induction of aberrations, percentage aber-
rations were plotted against the percentage
normal germination of the seed samples. The
curves showed concavities with respect to the
origin at low moisture contents and convexities at

higher moisture contents. But when probability
scales are used for both coordinates then the
curves are linearized (Fig. 3). Clearly the slope of
the linear relation between probit of percentage
aberrant cells and probit percentage normal
germination differed between treatments. Tem-
perature had no effect on any of the relationships
but probit analysis showed that, so far as moisture
content is concerned, four discrete relationships
could be discerned: division of the data from the
12 separate storage environments into four groups
(30-40 °C with 13:0-18-1 per cent moisture con-
tent; 35-40 °C with 9-8 per cent moisture content
35-40 °C with 81 per cent moisture content; and
30-60 °C with 3-3—5-5 per cent moisture content)
did not result in any significant increase in error
(P > 0-25). Furthermore, constraining these four
discrete relationships to a common point of
intersection, where percentage aberrant cells and
percentage normal germination were 0-94 and 99-2
respectively (Fig. 3), did not result in a significant
increase in error (P > 0-25). But the difference in
probit percentage aberrant cells with loss in probit
percentage normal germination (the slopes of the
curves) did differ significantly between the four
moisture content ranges mentioned above (P <
0-001). Thus differences in seed moisture content
within the range 55 to 13-0 per cent had a
profound effect on the relationship between per-
centage normal germination and the accumulation
of chromosomal aberrations: the lower the mois-
ture content the greater the proportion of aberrant
cells for a given loss of germination. However, Fig.
3 also shows that the frequency of aberrant cells as
a function of percentage normal germination was
not decreased by increasing seed moisture content
from 13-0 to 18-1 per cent; nor was it increased if
the moisture content was decreased from 55 to 3-3
per cent. .

When the results of Villiers (1975) on lettuce
seeds stored at 30 °C were plotted as percentage of
aberrant anaphase cells as a function of percentage
seed viability, the relationship appeared to be
similar for storage at either 7 or 10 per cent
moisture content (Roberts and Ellis, 1984), and
similar to the results reported here for seeds at 9-8
per cent moisture content. The results reported by
Villiers on seed stored at 5 per cent moisture
content and on seeds he obtained from commercial

seed stores were similar to those reported here for

seeds stored at 33 to 5-5 per cent moisture content.
Thus there is now no doubt that considerably
more chromosomal aberrations can arise for a
given loss of germination ability as a result of
storage at the low moisture contents used for
genetic conservation and in some commercial seed

T S
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FiG. 1. Loss of germination (@, normal; O, total) of let

tuce seeds stored hermetically for various periods at the

following temperatures and moisture contents: A, 50 °C, 3-3 per cent; B, 60 °C, 3-3 per cent; C, 30 °C, 55 per cent;
D, 50 °C, 55 per cent; E, 35 °C, 81 per cent; F, 40 °C, 81 per cent; G, 35 °C, 9-8 per cent; H, 40 °C, 9-8 per cent;
. 1,35°C, 13-0 per cent; J, 40 °C, 13-0 per cent; K, 30 °C, 181 per cent; and L, 40 °C, 18-1 per cent. Note that for clarity,

the scale of the x axis in each case is different. Initial

stores as compared with storage at higher moisture
contents.

It is not clear why increasing seed moisture
content from 5-5 to 13-0 per cent should decrease
the frequency of chromosome aberrations for any

germination was 98 (normal) or 99 per cent (total).

given loss of seed viability. Although it is probable
that macromolecular repair mechanisms are active
in fully hydrated seeds (Villiers, 1975) and that
some repair is possible at lower moisture contents,
the evidence suggests that no repair is likely below
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Fi1G. 2. Increase in the frequency of aberrant anaphase cells in surviving seeds of lettuce with period of storage at

various temperatures and moisture contents: A, 50 °C, 3-3 per cent (@), 60 °C, 3-3 per cent (©), 30 °C, 5-5 per cent

(A), 50 °C, 55 per cent (A); B, 35 °C, 81 percent (), 40 °C, 81 per cent ([1), 35 °C, 9-8 per cent (@), 40 °C, 9-8

per cent (O); and C, 35 °C, 13-0 per cent (W), 40 °C, 13-0 per cent (V/), 30 °C, 18-1 per cent (@); 40 °C, 181 per cent
(O). Note that, for clarity, the scales of both axes vary between A, B and C.

15 per cent moisture content in lettuce (Ibrahim have been feasible, i.c. at 18-1 per cent moisture

and Roberts, 1983 ; Ibrahim et al., 1983). Accord-
ingly it is unlikely that the differences observed
in this paper are due to repair. Indeed in those
treatments in which some repair activity might

content, there was no decrease, as compared with
seeds stored at 13-0 per cent moisture content, in
the frequency of aberrant cells as a function of loss
of seed viability. Accordingly it would seem that
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Fic. 3. Relations between the frequency of aberrant anaphase cells in surviving seeds of lettuce (probability scale) and

the percentage of seeds producing morphologically normal seedlings (probability scale) following storage at various

moisture contents: A, 3-3-55 per cent; B, 81 per cent; C, 9-8 per cent; D, 13-0-181 per cent. The caption to Fig. 2
provides the details of the seed storage environment for each observation, except for the control value (O).

the variation with moisture content in the re-
lationship between frequency of chromosomal
aberrations and percentage germination arises
because, between 13-0 and 5-5 moisture content, a
decrease in hydration decreases the rate of loss in
germination by more than it decreases the rate of
accumulation of chromosomal aberrations.

The frequency of chromosomal aberrations in roots
of five-week old plants derived Sfrom aged seeds

Seeds from five of the ageing treatments used in
* the previous section were used to produce plants
~ from which root tips were sampled for cytological
Studies when they were five weeks old. The results
were compared with those obtained from control
plants derived from untreated seeds from the same
stock (Table 1). In all treatments, as would be
€xpected as a result of diplontic selection, a
marked reduction in chromosomal aberrations

had occurred within the five-week period of root
growth. Nevertheless, although there were now no
significant differences amongst the ageing treat-
ments, all these treatments showed a significantly
greater frequency of aberrant cells than the control
roots.

The ability fo produce a morphologically
normal seedling (ISTA, 19854, b) was the criterion
of germination used to indicate viability in Fig. 3,
since it is only these seedlings which would
probably survive in the field. Indeed, most of the
abnormal seedlings observed in the present studies
were characterized by stunted and distorted rad-
icles, many of which ceased growth during the
germination test. The radicle tips for cytological
investigation had to be sampled very early (see
Materials and Methods) in order to capture first
mitoses. At this stage it was impossible to
distinguish which roots would have become
normal or abnormal. It is possible, however, that
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TABLE 1. Frequency. of aberrant anaphases in lettuce root tips after various seed storage treatments,
determined at radicle emergence and after five weeks growth.

Storage treatments

Aberrant anaphases (%)

Moisture
content Normal In root tips
Temperature (%, f.  Duration germination In young from five week old
°C) wt.) (d (%) radicle tips plants
Control 0 98 111 09
40 9-8 12 79 48 2:4*
40 9-8 24 6 263 2:6*
35 81 25 84 73 2:2*
35 81 45 43 231 21*
60 33 80 23 79-8 1-9*

* Significantly greater frequency of aberrant cells than the control (P < 0-05).

there may have been some functional relation
between frequency of aberrant cells and tendency
to morphological abnormality since a high
frequency of non-functional daughter cells would
probably have been adisruptive influence in the
meristem. Certainly numbers of aberrant cells and
morphological abnormalities were both so great in
the drier storage treatments that most of the
aberrations observed must have been in root tips
which, had they not been sampled, would have
become morphologically abnormal. However a
general relationship between aberrant cells and
morphologically abnormal roots, though plau-
sible, cannot be established from the present
studies. If there were such a relation, however,
then in addition to diplontic selection within
tissues, there would also be a more radical selection
pressure for removing gross chromosome damage
through failure of abnormal seedlings to survive.
Both factors therefore may have led to the large
reduction in chromosome aberrations observed in
root tips after five weeks growth.

The frequency of recessive mutation in aged seeds

Although most chromosomal aberrations in-
duced by seed ageing are removed’ by diplontic
selection (as we have confirmed here in lettuce
plants), point mutations, most of which are
recessive, may be transmitted to successive gen-
erations. Several types of mutation have *been
described, but the most obvious are those which
cause chlorophyll deficiencies of various types. In
several other species such mutations are typically
induced in 1 to 3 per cent of surviving seeds when
ageing has reduced viability to about 50 per cent
(Abdalla and Roberts, 1969 a) or sometimes when

even smaller losses of viability have occurred
(Dourado and Roberts, 1984b).

In the investigations described here it was not
thought necessary to demonstrate that chlorophyll-
deficiency or other obvious morphological pheno-
typic mutations are also induced in.lettuce seeds
by ageing. This is because the principle is now
well-established in other species (Roberts and
Ellis, 1984; Roberts, 1987) and, furthermore, the
amount of work required to demonstrate an
increase in mutation of 1 or 2 per cent is.
considerable. The work load is large because the
recessive mutations induced in the aged seeds (i.e.
in the A, generation) do not segregate until the
A, generation. However, since the A, plants are
genetic chimaeras, it is not until the A, generation
that Mendelian segregation occurs. Thus, if the |
genetic nature of a mutation is to be confirmed |
unequivocally, lines containing putative mutations
need to be followed through to the A, generation.

No attempt was made here then simply to
establish that phenotypic mutations result from
seed ageing. Nevertheless, a genetical investigation
was carried out to establish whether large amounts
of mutation are transmitted to progeny after loss
of seed viability under relatively dry conditions.
The reasons were as follows. A relation has often
been observed between chromosomal aberrations
and gene mutation (Roberts, Abdalla and Owen,
1967). The frequency of chromosomal aberrations
observed here in dry lettuce seeds was much
greater than has previously been recorded as a
result of seed ageing. This was obviously partly a
function of dryness but it is also probably a
function of species since it is clear that some
species show more aberration than others under
similar circumstances (Roberts and Ellis, 1984).
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But, whatever the reason, the possibility existed of mutation in the progeny from zero to 5 per cent,
that large amounts of gene mutation might be or from 1 to 8 per cent. Again the increases in
induced in lettuce under conditions used in mutation observed following storage at either
commercial and long-term seed storage. From the moisture content were not sufficient to achieve
standpoint of seed storage practice for genetic significance (Table 2).

conservation the visible chromosomal aberrations Despite the failure to achieve significance in
themselves are of little consequence because of these studies, the maximum frequency of A, plants
their removal by diplontic selection. However, if detected was within the range observed in other
the large amounts of aberration observed here species at higher moisture contents (Abdalla and
were correlated with very large amounts of Roberts, 1969a; Dourado and Roberts, 19845).
heritable gene mutation, this would be worrying. We conclude that, if loss of viability of lettuce
Accordingly an investigation was undertaken seeds under dry conditions is associated with the
to check whether large amounts of heritable induction of recessive mutations, the number
mutation result when dry seeds lose viability transmitted to the progeny is probably little

during storage. different from what has been reported in seeds of
In order to have a 90 per cent chance of showing  other species stored under more moist conditions.
an increase in the frequency of mutations from a The removal of gross chromosome damage by

base level of 1 per cent to a level after storage of 2 (i) failure of abnormal seedlings to survive and (ii)
per cent, with a probability of being wrong of 0-05  diplontic selection would not directly affect trans-
or less, for example, the number of A, plants mission to subsequent generations of any recess-
examined would need to be 3098. But in order to  ive point mutations which may be induced as a
demonstrate an increase per treatment in mutation result of seed ageing. However, if there were a
from a base level of 1 per cent to a level after greater tendency for point mutations to arise in
storage of 5 per cent with otherwise similar those cells suffering major aberrations then of
assumptions, the number of A, plants in each course there would be a greater tendency for
treatment would need to be only 377. Two indirect selection against some -of these point
experiments were therefore carried out in which mutations before they were expressed, particularly
the number of A, plants was intended to be similar  in those seeds which contained such large numbers
to the latter value, since this should be ample to  of aberrations that the seedlings failed to survive.
demonstrate any increase in mutation which It may be that it is due to such factors that large
would be disconcertingly larger than those which numbers of point mutations, which otherwise
have been observed in previous studies on other might have been expected, were not observed in
species using seed at higher moisture contents. progeny of those treatments which showed very
In the first of these experiments sufficient seeds large amounts of chromosomal aberration.
were stored to enable approximately 500 A, plants :
per treatment to be available after allowance had
been made for loss of viability and poor emergence.
Seeds were aged at 40 °C and 9-8 per cent moisture
content for 12 d,- which led to a reduction in As already mentioned, current preferred practice
normal germination from 98 to 79 per cent; in seed storage for genetic conservation involves
another batch was stored for a further 7 d under storage at about 5 per cent moisture content, and
these conditions so that normal germination fell to  there is now considerable interest in even lower
23 per cent. In neither case was the observed moisture contents. In order to - consider the |
increase in the number of A, plants segregating implications of the work described here for current
phenotypic mutations in subsequent generations recommendations and possible future practice five ,
sufficient to achieve significance (Table 2). main points should be considered. (1) There is no
In a second experiment seeds’ were stored at  doubt in lettuce (Fig. 1) and in many other species
50 °C at 9-9 per cent moisture content for 54 h, or  of orthodox seeds (unpublished work in this
5'5 per cent moisture content for 30d so that laboratory) that improvement in seed longevity
normal seed germination was reduced from 98 to  increases with decrease in seed moisture content -
67 or 68 per cent, respectively. In this case down to 3 per cent (or even lower in some cases). |
approximately 170 to 200 A, plants were estab- (2) At any given temperature, the lower the
lished per treatment, less than originally intend- moisture content the slower the increase in |
ed owing to poorer emergence than expected, accumulation of chromosomal aberrations, at
but nevertheless sufficient to give a 90 per cent least down to 3-3 per cent (Fig. 2). (3) Even though
probability of showing an increase in the frequency  more chromosomal aberrations arise for a given

Consequences for genetic resources conservation by
long-term storage
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Joss of viability in very dry seeds_ (Fig..3), most' of
the damage is remgved by diplontic se]ecgon
(compare Fig.. 3 with Table 1), and possibly
through seedling selectlon.' (4) Moreover the
relationship between seed viability and chromo-
somal aberrations is no more deleterious at 3-3
per cent moisture content 'than itis at 5-5' per cent
(Fig. 3)- (5 There is no evidence of inheritance of
excessively large numbers of point mutations from
aged dry. seeds (Table 2). Accordingly current
practices appear to be justified and the further
exploration of even drier seed storage for genetic
conservation would seem worthwhile.

In addition to providing these reassurances, the
results also confirm that it is prudent to adopt a
high regeneration standard in seed storage for
genetic conservation as currently recommended
(IBPGR, 1985b), and this advice is especially
apposite for very dry seeds. The regeneration
standard is that percentage viability to which a
seed accession is allowed to fall but when reached

* the accession is regenerated, i.e. seed is grown to
produce a fresh stock for further storage. For
most species a value of 85 per cent viability is
currently suggested (IBPGR, 19855); but the
possibility of improving this standard in some
cases might now be considered.

Our investigations were carried out at high
temperatures in order to achieve some loss of seed
viability within a reasonable experimental time.
They showed no effect of temperature between 30
and 60 °C on the relation between chromosomal
aberrations and seed viability. Furthemore, the
results obtained by Villiers (1975) with commercial

- seed stocks at slightly lower temperatures (we
presume these would have been stored at 5-15 °C
with 6-8 per cent moisture content before Villiers
received them) tally with those presented here. We
assume, for the present, then, that a similar
relationship would be observed in seeds stored at
cooler temperatures. But, of course, under such
conditions seed deterioration will be very much
less rapid. Such evidence as exists from conditions
comparable to those employed in long-term stor-
age suggest, as expected, no detectable damage to
chromosomes occurs when seeds are stored very
dry at sub-zero temperatures for relatively long
periods during which there has been no detectable
loss-of seed viability. For example the seed used in

~ present investigations had been stored since receipt
at —20 °C and 55 per cent moisture content for
Six years and yet they contained less than 1 per
cent aberrant cells (see intercept value in Fig. 3).
Slm{larly Harrison and Carpenter (1977) found
o increase in the frequency of chromosomal
aberrations of onion seeds stored for 37 years at
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—20 °C with 2-6 per cent moisture content, or at
=196 °C with 4-0 per cent moisture content.
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