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Provocation of Mutability in the Level of Mutation Expressed
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Summary. The pallida gene of Antirrhinum majus governs
anthocyanin production. The nature of the mutability dis-
played by its unstable allele pal-rec was dramatically al-
tered following crosses between two pal-rec pal-rec lines
with certain separately maintained lines. In both cases a
minority of progeny in F, or F, revealed unprecedented
infrequent mutability termed ‘Low mutability’. These Low
plants and their sibs showed many areas of contrasting
mutability superimposed on their initial mutability level.
This frequent ‘shifting’ and Low mutability persisted
through several generations of offspring obtained by both
selfing and crossing to a non-mutable tester line. Evidence
is presented to suggest a hypothesis that the two features
of altered mutability are two aspects of the same phenom-
enon caused by joint action of two independent factors J
and k, one contributed by each parental line at the out-
Cross.

A separate gene, eosinea, governs anthocyanin type,
eos eos plants having pelargonin in place of wild-type mag-
enta cyanin. In addition to the previously known simple
depression of pal-rec to Pal mutation frequency in eos eos
plants, eos also influences the action of J and & when he-
terozygous (i.e. Eos eos), thus contributing a basal and a
third tier of control influencing mutability of pal-rec.

Three levels of control are thus identified, the middle
tier being governed by the partnership of J and & producing
not a simple change but a complex mutability of mutability.

Key words: Mutability — Regulation of mutability — An-
thocyanin — Antirrhinum majus

1 Introduction

The pal-rec gene in Antirrhinum majus mutates frequently
during development of the plant so that flowers are char-
acterized by pigmented Pal spots on a recessive background
(pal) of anthocyaninless tissue. The level of mutability

exhibited by pal-rec in plants grown under uniform con-
ditions can vary widely. Within a plant the level may shift
during development giving adjacent areas of contrasting
mutability. Usually more noticeable however is the dif-
ference between sister plants of predominant mutability
level, which forms the background against which areas of
contrasting level or ‘shifts’ would appear.

The number of Pal spots on one of the larger corolla
lobes may range in one family from 600 to about 9000,
but by selfing and selection lines of more uniform muta-
bility have been established where the mutability range is
9000 — 9400 (a highly mutable line) or 600 — 1050 (low
— mutable).

On two separate occasions plants showing heritable, abnormal-
ly low mutability have appeared with fewer than 100 spots per lobe
and representing a discrete class in an otherwise continuous range.
One such case has been investigated by Sastry (1976), Aslam (1979)

and Sastry et al. (1980). The present investigation deals with the
second.

Pal plants doubly recessive at the eosinea locus show the
pink pigmentation of pelargonin in place of the wild type
magenta cyanin produced in the presence of Eos. Also,
frequency of mutation at pal-rec is reduced in eos eos plants
(Harrison and Fincham 1963). The present investigation
developed from a test of hypothesis that this lowering of
mutability was due to an eos-linked modifier. No such sim-
ple modifier was found, but a striking and separate ef-
fect on the behaviour of pal-rec occurred which is here
described.

2 Materials and Methods

Four lines were principally used of which the relevant parts of the
genotypes and phenotypes are given in Table 1. Lines b and d are
termed ‘Leeds stock’, having been maintained in the Genetics de-
partment of the University of Leeds since 1968, when the stocks
from which they were derived were brought to Leeds from the
John Innes Institute. Lines a and ¢ are termed ‘John Innes stock’
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Table 1. Description of lines used?

Genotype Description

A family showing rather
low, though normal muta-
bility of fairly narrow
range; pink spots on acy-
anic background. Average
of 2 shifts per inflores-
cence of more than 8
flowers

Line a eos eos pal-rec pal-rec

Line b Eos Fos pal-tub pal-tub  An inbred line homozy-
gous for the non mutable
recessive allele pal-tub,
acyanic flowers except
for magenta ring at the
base of corolla tube

eos eos Pal Pal

Line c Solidly coloured pink

flowers
Line d A uniformly high mutable
line obtained from more
heterogeneous mutable
families. Average of less
than 2 shifts per inflores-
cence of more than 8
flowers

Eos Eos pal-rec pal-rec

% None of the lines carry the known modifier of pal-rec, ‘Stabi-
liser’ (St), which reduces the mutability level (Harrison and Fincham
1968)

and were donated by Mr. Brian Harrison of the John Innes Insti-
tute in 1970.

The heritable, abnormally low mutability mentioned in the In-
troduction is henceforth referred to as ‘Low’ mutability and de-
fined in Eos — pal-rec — plants as exhibiting 100 spots per lobe or
less; in a few exceptional cases plants with 500 spots were class-
ed as Low if their sister plants were all unusually highly mutable.

‘Low plants’ have a striking appearance if Fos —, having Low as
the predominant mutability level of the main inflorescence, and
only superimposed shifts to normal mutability exhibiting any ap-
preciable spot density. The few eos eos plants recognized as Low
had less than 10 spots per lobe and all their eos eos pal-rec-sister
plants showed 600 or more. Low mutable eos eos pal-rec plants
may be mistaken for the non-mutable genotype pal-tub pal-tub
since the pink spots are pale and often very small. Quantitative
investigation wa$ largely confined to the Eos genotype. All non-
Low levels are referred to as ‘normal mutability’. Mutability level
was scored according to a scale from 0 (colourless) to 7 (entirely
Pal), the intermediate range being distributed between classes 1—
6, which were recognizable by eye. Scoring was, however, checked
regularly by complete spot counts of representative classes with the
aid of a microscope. The score of a plant on this scale referred to
its predominant mutability level which could be Low, or a normal
level.

Uniformity of mutability refers to the frequency of shifts on
this predomiant background. ‘Normal’ does not imply ‘uniform’.
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3 Results
3.1 Origin of Altered Mutability

The first Low plants appeared in the F, of reciprocal
crosses between a eos eos mutable line and the Leeds
stock nonmutable tester line: Line a (eos eos pal-rec pal-
rec) x Line b (Eos Eos pal-tub pal-tub).

All 72 plants in the seven F, families showed a moder-
ate mutability level, higher than in the mutable parent
line, demonstrating that the low (but normal) mutability
of Line a was not caused by a dominant modifier. Muta-
bility level of F, plants was not noticeably less uniform
than that of Line a or Line d (Eos Eos pal-rec pal-rec).

F, families were raised from 14 F, plants; of 231 mu-
table F, plants, 220 showed normal mutability similar to
that of the F;. Eleven, however, were Low plants, being
Eos pal-rec but with strikingly few Pal spots. At least
seven of them proved to be Eos eos. The immediate hypo-
thesis was that an eos linked modifier had recombined to
give very low mutability of pal-rec on an Eos background.

The observed low level was actually clearly lower than
that of parental Line a. However, (i) Some of the Low
plants produced secondary inflorescences with normal mu-
tability as illustrated in Fig. 1. (ii) The F3 from all Low
plants tested included a large proportion of normally mu-
table plants (Table 2) showing that the Low phenotype
is not caused by interaction of a homozygous recessive
modifier with pal-rec. (iii) Backcrosses of F, Low plants
to Line b included Low plants (Table 2). A recessive Men-
delian modifier is thus ruled out, and the normally mutable
F; had already demonstrated the absence of a dominant
modifier.

As had been expected, the eos eos pal-rec segregants
were found to fall in general at the lower end of the
mutability range in any family. Selfed and backcrossed
offspring of the highest and lowest normally mutable
eos eos pal-rec plants revealed no Mendelian modifier of
mutability separable from eos, displaying instead the wide
and continuous range of mutability level typical of non-
inbred families. It is evident that the alteration of behav-
iour of pal-rec typified by Low mutability must be ex-
amined in broader terms than any simple relationship
with recessive eos.

3.2 Shifting of Mutability Level

Several of the F, plants showed frequent shifts to con-
trasting mutability levels superimposed upon their predo-
minant level. Of 16 branches on three of the Low plants,
11 had normal mutability (see Fig. 1.) Five Low plants
had striking shifts to high mutability in the main inflores-
cence and many of their normally mutable sibs displayed
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Fig. 1. Side inflorescences on an almost colourless plant found in the selfed progeny from Eos eos pal-rec pal-tub hybrid

areas of contrasting mutability of various levels including
Low.

Interpretation of these phenomena as any sort of simple chi-
mera consequent upon somatic origin of an altered genotype was
strongly opposed by the complexity and random pattern of shift-
distribution and the variety of levels displayed. Equal prevalence of
Low upon normal and normal upon low, and occasional super-
imposition on a shift of another to a third mutability level within
one flower, would necessitate an unlikely frequency and flexi-

bility of genetic change during development. Such frequent shift-
ing was not apparent in the parent mutable plants of Line a, not
in the F, but in the F, and subsequent generations, both selfed
and backcrossed to Line b, it was frequent in all types of mutable
plant.

This enhanced shifting was not always reliably recognisable
in an individual plant. Parental and enhanced frequencies of
shifting are adjacent sections of a continuum as opposed to
forming clearly separate frequencies. Assessed on a family basis,
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Table 2. Offspring of F2 Low plants from Line a X Line b crosses
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(i) F3i.e. selfed 343- 6 11 2 18
progeny 342723 11 1 9
337- 9 14 3 21

33721 14 2 14

339-15 47 4 9

502- 4 10 8 80

(ii) Progeny of back- 343- 6 11 0 < 9
cross to Line b 343-23 8 0 <13
337-9 12 3 25

337-21 31 3 10

502- 4 14 6 43

however, enhanced shifting was clearly present in nearly all post-
F, families, both selfed and backcrossed to Line b. In fact, the
backcrossed families displayed more shifting on average than the
selfed offspring.

Plants of Line a had displayed on average only two
shifts per inflorescence, an infloresence being defined as
a branch bearing more than 8 flowers. Such uniformity of
mutability level was rarely approached in descendants of
the Line a x Line b cross, and was surpassed only once, in
a selfed family consisting nevertheless entirely of Low
plants so as to leave no doubt regarding the alteration of
the expression of its pal-rec. Thus enhanced shifting was
recognisable in all except one of the families termed ‘Low
families’ descended from the first 11 Low plants which
were part of the F, of the Lines a and b cross.

The extremely infrequent mutability of Low plants
among the descendants of the a X b cross, and the preva-
lence of somatic shifting among them and their normally
mutable sibs, clearly distinguished them from mutable
families in either Leeds or John Innes stocks.

Since a single modifier cannot explain the above results, it is
hypothesized that two factors are necessary for the observed al-
teration of the behaviour of pal-rec, one factor carried by each of
the Leeds and John Innes stocks. It is proposed that the effect is
caused by a combined action of a dominant factor J carried in
the John Innes stock, Lines a and c, and a recessive factor k car-
ried by the Leeds stocks, Lines b and d. This concept is outlined
in Table 3. The hypothesis allows for expression of enhanced shift-
ing at the observed prevalence as well as appearance of Low plants
among backcrossed families. The effective genotype,J — k k, pro-
duces an enhancement of shifting frequency relative to that in
the parent mutable line which in a proportion of plants is accom-
panied by a predominant mutability level classified as Low. It is
these Low plants which first identified the phenomenon and which
are most clearly diagnostic of the effect by operation. But it must
be emphasised that they are not a necessary, nor the most frequent,
result of the J — k k genotype.
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Further crosses were made in which the combination
of factors from each of the parental genomes gave rise to
altered behaviour of pal-rec. Line ¢ (eos eos Pal Pal) was
crossed and backcrossed twice to Line b and then selfed,
to minimise segregation among offspring at loci other than
eosinea and pallida. Segregants that carried pal-tub pal-tub
and were eos eos or Eos Eos were crossed to the inbred,
uniformly mutable Line d (Eos Eos pal-rec pal-rec). Of
the 125 mutable plants in the twelve F, families two
plants were Low, both occurring in one family where the
non-mutable parent was eos eos.

For the twelve families as a whole shifting was mod-
erately enhanced. An F, of 173 mutable plants in nine
families was raised from F, families where the non-mu-
table parent was Eos Eos. All were normally mutable but
showed enhanced shifting.

It is evident that the pal-rec allele maintained in Leeds
stock is as susceptible to alteration of its behaviour as is
the pal-rec allele in the John Innes Line a which first
demonstrated the effect. It is equally clear that Line ¢
bears an effective component with which that in the Leeds
stock co-operates, as did Line a in the first outcross (a X
b). In contrast to the first outcross, the (¢ x d) cross
yielded two Low plants in the F, , which may be accounted
for in terms of the hypothesis outlined in Table 3 since
the initial crossing of (¢ X b) and the two backcrosses
would have eliminated most of the K as well as J alleles
derived from Line c, hence occasional J j k k plants in the
F,.

For further comparison with the cross (a X b) two mu-
table lines, Line d (Eos Eos pal-rec pal-rec) and Line a
(eos eos pal-rec pal-rec) were crossed. Thirty families re-
sulted from this cross, representing F, — F4 and one F
family.

They included 53 Low plants of which two appeared
in the F; and shifting was frequent throughout. The two
Low plants in the F, demonstrated simultaneous altera-
tion of behaviour of pal-rec alleles from both stocks
since Low mutability is not detectable in the presence of
normal pal-rec mutability. Their appearance weakens the
hypothesis of Table 3 since it cannot account for their
apparent lack of Line a-derived, dominant allele XK. Di-
rect demonstration is nevertheless furnished that the ef-
fect is due to two differing components since this out-
cross (d x a)isanimmediate combination of two genomes
both of which were at the time of crossing permitting
only normal mutability of their respective pal-rec alleles.

It is reasonable to suppose, the two pal-rec alleles in
question being from a common origin, that they are not
themselves a component of influence each upon the other,
but that two other genetic entities (J/ and k) must be com-
bined in the same genome to produce an effect to which
either pal-rec is susceptible.
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Table 3. Hypothesis offering simple Mendelian interpretation of the observed inci-
dence of altered mutability at pal-rec as recognised by enhanced shifting and/or Low
mutability. Two factors are proposed, J and %, the genetic constitution which gives
rise to the effect on pal-rec beingJ — k k
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Generation Genotypes Appearance of effect
Outcross Line a X Line b
Predicted Observed
JIKK X jjkk
F1 JiKk Normal, uniform Normal, uniform
mutability mutability
F2 3/16 J -k k Enhanced shifting Low plantsin §
1/3 of these and Low plants in out of 14 families.
JJIkk a minority of Precise measure of
families shifting available for
only 6 families. Of these:
4 lacked Low plants of
which 1 showed enhanced
shifting. 2 included Low
plants of which both
showed enhanced shifting
F3 from F2 1/3 families Enhanced shifting 8 out of 9 families
Low plants entirely JJk k  and Low plants in contained Low plants.

2/3 families

have J/f

segregating

F2 Low plants
backcrossed
to Line b

J—kk Xjjkk

more than 75%
families

At least 50%
families should
show enhanced
shifting and/or
Low plants

All 9 displayed enhanced
shifting

4 out of 6 families con-
tained Low plants §
displayed clear shifting.
One family (lacking Low
plants) displayed margin-
ally enhanced shifting

3.3 Transmission of Low Mutability by Non-mutable
Segregants

If the Low mutability and associated shifting of the pal-rec gene
described in the previous sections was caused by two factors J
and k as suggested in Table 3, then most or all of the non-mutable
pal-tub pal-tub segregants in the Low families should be J — & k.
To test this assumption 11 pal-tudb pal-tub plants from the F|
Low families (Table 4) were crossed with members of Line d.

Mutability was affected in all 11 families as shown by enhanced
shifting. In addition, four plants in two crosses displayed Low pre-
dominant mutability. F, progeny were raised from 18 normally
mutable but shifting plants and 6 of the resultant progeny — families
included Low plants as well as enhanced shifting. In contrast to
these instances of altered mutability many crosses between Line d
and Line b made over a period of 10 years have produced neither
enhanced shifting nor Low plants. All 11 pal-tub pal-tub segregants
were therefore able to transmit altered mutability to the highly
mutable uniform Line d. The cause of Low mutability can thus
exist in a genome unable to express its effect, and following its
introduction by crossing can then exert that effect on a susceptible
pal-rec allele. In the terminology of Table 3 the 11 pal-fub pal-tub
J — k k segregants in the F, of the (a X b) cross obtained their
pal-tub pal-tub from Line b but their J from Line a. J is therefore
separable from the pallida locus at such a frequency as to rule out
close linkage.

3.4 Relationship Between Shifting and Low Mutability

A more detailed investigation was made of the characteristics of
altered mutability as revealed by descendants of the first type of
cross (a X b).

Table 4. Proportion of Low plants in successive generations of
Low families

N g . g
‘S © > B ] =
E 5z S22 £ %
EE ET ¢z 3
(&) z 8 z E = R
F1 7 72 0 0
F2 14 193 11 5
F3 9 110 34 24
F4 16 116 80 43
F5 12 39 113 74
Feé 1 5 5 50
F 2 backcross® 6 65 19 23
F 3 backcross 6 47 11 19
F 4 backcross 8 80 18 18

2 Backcrossed to Line b, Eos Eos pal-tub pal-tub
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A total of 77 families were raised following the Line a X Line
b crosses representing generations F, — F, and backcrosses of
members of the F,, F, and F, to Line b. Of the post — F, fa-
milies all had a low-mutable parent except three families which
were selfed offspring of normally mutable sibs of Low plants.

The proportion of Low plants tended to rise with successive
generations of selfed families, remaining at a moderate level in
backcrossed families (Table 4).

For each of the 77 families the following five characteristics,
A — H, were recorded and quantified, and correlations were
sought between pairs of characteristics.

A: Proportion in a family of mutable plants with a Low-mutable
inflorescence.

G: The measurement of A for the family to which the Low
parent of the family under consideration belonged. A and G are
arranged in classes 1 — 6, which in practice covered the percent-
ages:

class: 1 2 3 4 5 6

%: 0-10 12-23 25-34 38-62 68-82 100
Families containing more than 9 plants were allotted to classes
1 — 6, but those with fewer than 9 plants to classes 2 — 5, incor-
porating 1in 2 and 6 in 5.

E: Amount of shifting in a single parent plant was recorded as
number of shifts per inflorescence of eight or more flowers, and
allotted empirically to classes 1 — 6 where class 1 represented al-
most completely uniform mutability (i.e. no shifts) whereas class
6 was a patchwork of different mutability levels. Line a plants fell
into class 1.

D: This is a measurement of shifting in a whole family, using the
same data as for E, adjusted empirically to cover a numerical range
of —2 to +2, almost completely uniform families falling near
—2 and very frequently shifting families approaching +2. The
value of D for the parent mutable Line a was about —1.5. Only
one of the Low families had a D value less than —1.5, and most
exceeded + 1.0.

H: The measurement of D for the family to which the Low par-
ent of the family in question belonged.

Characteristics A and G describe the proportion of Low plants in
a family; characteristics E, D and H describe the amount of shift-
ing. These two aspects of the altered behaviour of pal-rec were
found to vary inversely in the extent to which they were expressed,
and to display inheritance of that extent in succeeding generations.
Lineages characterised by a very high proportion of Low plants and
relatively infrequent shifting are said to display ‘Strong’ expression
of the effect, and the converse extreme has been termed ‘Weak’

Table 5. Correlation between pairs of characteristics in Low families
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expression, the bulk of families forming a continuous range be-
tween the two.

Families which were backcrossed to Line b tended to show a
Weaker effect than the majority of families under examination,
which were selfed offspring of Low plants, ‘Backcrossed’ families
did not, however, actually depart from the trends observed for the
total families, and were included in the statistical examination.

Significant correlations found between pairs of the character-
istics A, G, E, D and H are set out in Table 5.

Further investigations threw light on the relationship
of constitution at the eosinea locus to the effect on pal-
rec. Of 31 Eos — Low plants examined, nine proved to be
Eos Eos establishing that the alteration of mutability is not
dependent on the presence of recessive eos.

However, comparison of constitution at eosinea with
two of the characteristics defined above suggested associa-
tion of heterozygosity at eos with a Strong mode of ex-
pression of the effect on pal-rec.

(i) Comparison of the proportion of Low plants in
each family (Characteristic A) with the number of genera-
tions for which that family’s lineage had carried recessive
eos gave a significant positive correlation (r = + 0.58,
P <0.001).

(ii) Comparison was made of the amount of shifting
in each family (Characteristic D) and the family’s consti-
tution at eosinea. The distribution is summarized in Ta-
ble 6. The numbers of families falling into each category,
though too small for a meaningful statistical analysis,
suggest that families with relatively little shifting tend to
be confined to the segregating families, Eos Eos families
being nearly all very highly shifting.

From the above comparisons, it is apparent that the
two aspects of altered behaviour of pal-rec, though separ-
able from eos, appear to bear some relationship to it.
Prolonged experience of eos in the same genome corre-
lates positively with the proportion of Low plants, and cur-
rent heterozygosity appears to permit relatively uniform
mutability within the range of enhancement of shifting
provoked at pal-rec. The relationships suggest promotion

Pair of Correlation Significance Indicates

characteristics® coefficient

AG +0.62 P 0.001 Inheritance of pro-
portion of Low plants

DH + 0.46 0.001 < P < 0.01 Inheritance of
amount of shifting

DE +0.34 0.001<P<0.01

EH + 0.66 P < 0.001

AE -0.28 0.02 <P<0.05 Inverse relationship

AD -0.31 0.01 <P<0.02 between them

% See Section 3.4 for definition
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Table 6. Comparison of amount of shifting with family’s constitution at eosinea

Uniform® Extremely
frequent
shifting

D value: — —2to -1 —1to-0.5 -0.5to+0.5 +0.5to+1 +1to+2
Segregating

families: — 5 3 7 4 20
EosEos

families: — 0 0 1 0 14

a

Section 3.4 for detailed definition

by recessive eos of a Strong rather than a Weak mode of
expression of the effect on mutability of pal-rec.

4 Discussion

Operation of the mutable allele pal-rec accords with the defini-
tion of an ‘autonomous’ or ‘one element system’, in which both
the function blocking normal Pal activity and that which releases
this activity in some cell lineages, reside at or near to the pallida
locus (Fincham 1973). There has, however, been no demonstra-
tion as yet of transposition of a controlling element accompanying
release of Pal activity as is frequent in the maize systems for which
the definition was originally devised (Fincham and Sastry 1974).
Suggestive of such transposition was the appearance de novo of un-
stable delila and eluta alleles in stocks carrying pal-rec (Harrison
1965).

From its first appearance the strikingly infrequent mu-
tability of the ‘Low’ plants described here was accompanied
by the more widespread phenomenon of frequent shifting
of mutability level. These two aspects of the effect on the
behaviour of pal-rec were jointly investigated.

Observed segregation of the effect ruled out a single
Mendelian modifier as its cause, whether dominant or re-
cessive. The entity responsible for the effect consists of
two factors, suggested to be a dominant allele J carried by
the John Innes lines and homozygous recessive alleles k &
of a second gene carried by Leeds stock (Table 3). This
hypothesis accords with observations except for the F,
Low plants from the cross Line a X Line d. The dominant
J is demonstrated to be recombinationally separable from
the pal locus.

A number of mutable systems have been reported where separate
loci affect mutability of an unstable allele. The speckled allele of
Pharbitis nil mutates less frequently and at a later stage of flower
development in the presence of the speckled-reduced (Imai 1931).
The p* allele of Delphinium ajacis is dependent for full mutability
on the ‘activator’ gene (Dawson 1955). For the pal-rec allele itself
the semi-dominant unlinked modifier Stabiliser has been well
characterised. It reduces the mutation frequency, and has been
associated with enhanced shifting which was, however, ascribed
to a proposed mutability of St itself (Harrison and Fincham 1968,
Fincham 1970, Harrison and Carpenter 1973).

Scale of shifting frequency on which the parental Line a gave a value of —1.5. See

The complex and well-documented controlling element
systems of maize yield two instances. Modifier of the con-
trolling element Spm is an unlinked transposable dominant
entity which enhances mutability of ‘weak’ isolates of
Spm having no effect on a fully active Spm (McClintock
1965).

Ms?) a linked transposable modifier of RS?, raises the
‘stippled’ mutability from alevel termed ‘Light RS’ to the
‘Standard RS? frequency, while not affecting paramuta-
genicity of RS? (Ashman 1960).

An unlinked modifier, Fleck-timer, FIt-3, in Nicotiana
hybrids delays the mutation of unstable v alleles, but pro-
motes their germinal mutation to the dominant solidly
coloured V concurrently with its own loss, which suggests
transposition as well as constituting a uniquely qualita-
tive effect on mutability, since ¥ does not arise germinaily
in the absence of Fit-3 (Sand 1976). The origin of the un-
stable v alleles themselves is unique in that they arise so-
matically de novo in a small proportion of hybrid plants
following interspecific crosses (Sand 1969). Contributions
from two different parental lines are evidently necessary,
but after its isolation v behaves as a single ordinary re-
cessive Mendelian unit irrespective of genetic background.

Frequent changes in mutability level of unstable genes
can be envisaged as shifts between different modes of in-
sertion of the controlling element, consequent upon intra-
locus transpositions (Fincham and Sastry 1974). The shift-
ing of mutability level of pal-rec central to the current ob-
servations can then be suggested to illustrate a series of in-
sertion positions, giving equal repression of Pal activity but
individual frequencies of release of activity by long-range
transposition of the element away from the pallida locus.
Promotion of shifting by the two factors under investiga-
tion can be envisaged possibly as an influence on the topo-
logy of the pallida region of the chromosome. The ‘Weak’
and ‘Strong’ modes of expression of this effect confer
emphasis respectively on the frequent shifting of insertion
position by the controlling element of palrec, and its
achievement early in development of a position giving an
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infrequency of mutability unprecedented in the stocks
used. The latter aspect of the effect, seen as Low plants, is
proposed to be merely a special case of the former and the
Weak-Strong range as suggestive of a range of forms or
configurations available to the J — k k partnership. This
would hint at the possibility of these alleles themselves
constituting a two-part controlling system, as is more posi-
tively suggested in maize for Mod-Spm and M by their
transposability. Besides its similarities to other modified
mutable systems, the one under consideration displays a
unique mutability of mutability, as opposed to its altera-
tion in a particular, predictable way.

This influence on pal-rec having been demonstrated,
economy requires that the new and relatively uncharac-
terised factors be held responsible only for those occur-
rences necessary to account for observations which can-
not be allotted elsewhere. Thus the modifying entity is
envisaged as having the capability of a range of modes of
expression from ‘Strong’ to ‘Weak’, the mode tending to
remain constant after adoption within lineages. The many
different frequencies of mutation pal-rec to Pal exhibited
during shifting is thought most probably under the con-
trol of the autonomous controlling element resident at
pallida. The relationship between the short-range trans-
positions postulated as the cause of shifting and the long-
range transpositions of the controlling element away from
pal-rec so that Pal expression is restored, may not be one
of simple proportion, since predominantly highly mutable
inflorescences have not on average shown the most fre-
quent shifting. Developmental stage clearly influences fre-
quency of intra-locus transpositions since timing of shifts
is uneven, a predominant background mutability level
being clear in nearly all inflorescences, and the areas cov-
ered by tissue of contrasting shifted mutability level being
usually smaller than one flower.

The system becomes even more complex upon consideration
of the role of recessive eos, which is unlinked to pal-rec whose mu-
tability it depresses when homozygous. Its influence when hetero-
zygous though evident from its progressive reinforcement of the
‘Strong’” mode of influence of J and k¥ k£ on pal-rec, does not ex-
tend to its presence being necessary for any aspect of the altera-
tion in mutability of pal-rec to occur.

Thus the influence of eos partially imitates a modifier like
M5t (Ashman 1960) of a classic mutable system R5? (Kermicle
1973) where mutability of a locus is influenced only via its con-
trolling element: and partially resembles paramutation as eluci-
dated by Brink in maize (Brink 1973) and by Hagemann in tomato
(Hagemann and Berg 1978) where continuation in the same genome
of both perpetrator and recipient progressively promotes the ef-
fect. It differs from the latter in that eos is a locus independent of
the two factors J and & as well as being unlinked to pallida, where-
as paramutation classically requires perpetrator and effector to
be alleles. It differs from the former in that besides causing the
familiar effect of pal-rec mutability depression, eos has a function
that bears on the normal function of pallida, the locus by which
these effects are detected.

This raises the possibility that the situation represents an inter-
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mediate condition between the two classical phenomena, whereby
mutability level in general is affected, and existence in the same
genome allows a progressive influence of one function upon another
without necessity for an allelic relationship between the two.

The system as here described reveals that there are four
sources of influence on mutability of pal-rec: the known
simple mutability depressors Stabilizer and eos, and the
newly proposed J and k. These four sources constitute
three tiers of control, with eos acting at a basal level as
does St, but also as the third tier superimposed on the mid-
dle-tier influence of J plus k. The intermediate-level con-
trol constituted by the partnership of J plus & is unique
in causing instead of a single predictable alteration in be-
haviour of pal-rec, a mutability of its mutability.

Acknowledgement

V.E.J. was supported by a studentship provided by the Brother-
ton Fund administered by the University of Leeds. During the ini-
tial stages of the work G.R.K.S. was supported by the Beit Memo-
rial Trust fellowship. He is also thankful to the authorities of Leeds
University for study leave during which the manuscript was finalised.
We are specially grateful to Professor J.R.S. Fincham for discus-
sions during various stages of the work. We especially thank Mr.
D.H. Wilson who so capably raised and maintained the plants, and
we are indebted to Dr. Anthony Owen for advice and assistance
with statistics.

Literature

Ashman, R.B. (1960): Stippled aleurone in maize. Genetics 45,
19-34

Aslam, K.M. (1979): studies on genetic elements, affecting insta-
bility of the Pal locus in Antirrhinum majus. Ph. D. thesis, Uni-
versity of Leeds, Leeds (England)

Brink, R.A. (1973): Paramutation. Ann, Rev. Genet. 7, 129-152

Dawson, G.W.P, (1955): The inheritance of variegated flower
colour in Delphinium ajacis. Heredity 9, 409-412

Fincham, J.R.S. (1970): The regulation of gene mutation in plants.
Proc. Roy. Soc. (Lond.) B176, 295-302

Fincham, J.R.S. (1973): Localised instabilities in plants — A re-
view and some speculations. Genetics 73 (suppl.), 195-205

Fincham, J.R.S.; Sastry, G.R.K. (1974): controlling elements in
maize. Ann. Rev. Genet. 8, 15-50

Hagemann, R.; Berg, W. (1978): Paramutation at the sulfurea
locus of Lycopersicon esculentum Mill. VII Determination of
the time of occurrence of paramutation by the quantitative
evaluation of the variegation. Theor. Appl. Genet. 53, 113-123

Harrison, B.J. (1965): Mutability in Antirrhinum majus. Ann. Rep.
John Innes Inst., Norwich, England 56, 15-18

Harrison, B.J.; Carpenter, R. (1973): A comparison of the insta-
bilities at the Nivea and Pallida loci in Antirrhinum majus.
Heredity 31, 309-323

Harrison, B.J.; Fincham, J.R.S. (1963): Mutability in Antirrhi-
num majus. Ann. Rep. John Innes Inst., Norwich, England.
54,15-17

Harrison, B.J.; Fincham, J.R.S. (1968): Instability at the Pal locus
in Antirrhinum majus: A gene controlling mutation frequency.
Heredity 23,67-72



V.E. Jeffries and G.R K. Sastry: Regulation of Mutability in Antirrhinum majus 311

Imai, Y. (1931): Analysis of flower colour in Pharbitis nil. J. Ge-
net. 24, 203-224

Kermicle, J.L. (1973): Organization of paramutational compo-
nents of the R locus in maize. Brookhaven Symp. Biol. 25,
262-280

McClintock, B. (1965): The control of gene action in maize. Brook-
haven Symp. Biol. 18, 162-184

Sand, S.A. (1969): Origin of the V variegated allele in Nicotiana:
Basic genetics and frequency. Genetics 61, 443-452

Sand, S.A. (1976): Genetic control of gene expression: Indepen-
dent location of Flt {3) and its interactions with the mutable
V locus in Nicotigna. Genetics 83, 719-736

Sastry, G.R.K. (1976): Evocation of instability at the Pal locus in
Antirrhinum majus., Heredity 36, 315-329

Sastry, G.R.K.; Aslam, K.M.; Jeffries, V.E. (1980): Role of con-
trolling elements in the instability for flower color in Antirrhi-
num majus and Impatiens balsamina. Cold Spring Harbor
Symp. Quant. Biol. 45 (in press)

Received May 1, 1981
Communicated by R. Hagemann

Dr. G.R K. Sastry
Department of Genetics
The University of Leeds
Leeds, LS2 9JT (England)

Dr. V.E. Jeffries

42E, Station Road
Whitstable

Kent, CT5 1LG (England)

Book Reviews

Steele, E.J.: Somatic Selection and Adaptive Evolution on the in-
heritance of acquired characters, London: Croom Helm 1980. 91
pag., 6 figs., 3 tabs. Hard bound £ 8.95.

In this interesting and provocative book the author has reopen-
ed the discussion about the mechanisms of the evolutionary process.
After a consideration of contemporary ideas in immunology, virol-
ogy and molecular biology he wants to revive Lamarck’s much dis-
credited theory on the inheritance of acquired characters. In his
opinion some essential paradoxes in immunology and virology can
only be satisfactorily resolved by the rejection of Weismann’s doc-
trine of the isolation of the soma from the germline. This leads to
the acceptance of a Neo-Lamarckian view of inheritance, i.e. the
somatic selection hypothesis, which is experimentally testable by
endogenous mammalian RNA viruses carrying somatic genes to the
germline.

The biochemical details of this theory are necessarily technical
and much attention is given to many specific facts from immunol-
ogy, virology and molecular biology. But all these numerous facts
will be omitted from the following discussion, because the review
of this book will concentrate on the basic concepts and principles
and the theory and consequences developed from these assump-
tions.

First, we will give some references to the classification and con-
tent of the book, which has been divided into six chapters and an
appendix. Chapter 1, ‘The problem and the purpose’, contains an
introduction and some general considerations on the author’s thesis
that in many multicellular sexually reproducing organisms Lamarck-
ian modes of inheritance exist, which provide an element of ‘direc-
tional’ progress in the evolution of biological complexity.

Chapter 2, ‘Lamarck in perspective’, gives an historical account
of Lamarckism, followed in chapter 3, entitled ‘The central para-
dox of immunology’, by a discussion of some topics from modern
immunology, virology and molecular biology. Here the author puts
aside the usual consideration of natural selection acting on popula-
tions of organisms and the discussion has been focussed on natural
selection operating on cell populations within the body of an indi-
vidual. Chapter 4, ‘The somatic selection hypothesis’, contains the
most essential part of the book, namely a Neo-Lamarckian model
of a possible mechanism for the transmission of acquired characters,
in the sense that somatic gene mutations can be genetically inher-
ited. In chapter 5, ‘Implications and conclusions’, it is shown how
the somatic selection hypothesis provides solutions and predictions
to the theory and practice in many areas of modern biology. The
final chapter 6, ‘Speculations on man, mind and matter’, deals with

the philosophical implications of this theory; for example, contri-
butions to the perennial nature-nurture debate, and an approach
to the mind-body problem. It concludes with a speculation on how
man may shape his own evolution. An appendix ‘On the relevance
of the RNA tumor viruses to the somatic selection hypothesis’ des-
cribes some further biochemical and virological details. Addition-
ally, all chapters are followed by extensive Notes, which include
supplementary comments, literature and explanations.

The author’s main ideas can be summarized as follows. One dif-
ficulty with Darwinism arises from the fact that it provides no sat-
isfactory explanation for the intuitive belief of ‘directional’ progress
in the evolution of biological complexity. The reasons lie not in
Darwin’s concept of selective survival but in the two assumptions
that 1) the locus of all meaningful phylogenetic changes (in multi-
cellular organisms) occurs only in the germline genes of the gonads
and 2) that the genes in the gonads are resistant to most direct in-
fluences of the contemporary environment. One problem of the
hereditary phylogenetic adaption process is that one important
change can be expressed usefully in the organism only if additional
harmonious adjustments are also made in other parts of the orga-
nism. Conventional Darwinian theory requires no concept of simul-
taneity by assuming that a sufficient time interval exists for all
these evolutionary changes. The author’s rejection of this concept
is based upon a discussion of spontaneous mutation rates.

All these difficulties can be simply solved by altering our views
on where the Darwinian process of chance mutation and natural
selection first takes place. The author’s hypothesis stresses that
this locus is not so much the genes in the germ cells but rather
those genes carried in that large, constantly changing differentiated
cell population of the soma. If these new somatic gene mutations
can be incorporated into the hereditary DNA of the gonads this
mechanism makes it possible that adaptive solutions to contempo-
rary environmental pressures achieved by the parental generation
can be passed on to their offspring via the hereditary genes of the
gonads.

The author’s argument makes use of the properties of the im-
mune system, which responds to the unexpected, because a given
organism can produce antibodies specific for almost any chosen
antigen, naturally occuring or artificially made by man. In the au-
thor’s view it would be most improbable and most unbiological to
expect all these possible organism adaptions to their antigenic en-
vironment to be codified by the hereditary DNA of the gonads,
because it would be difficult to see how such an enormous gene
array can be maintained in the face of random genetic drift.



