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An Unstable Locus in Soybeans®

PETER A. PETERSON? and C. R. WEBER 3

Iowa State University Ames, Iowa

Summary. Investigation of a variegated condition in the soybean variety Lincoln indicates instability at the Y
locus. Leaf sectors of chlorophyll-less yellow tissue occur in distinct heritable patterns; some leaves have small flecks
of yellow tissue (late occurring mutations) and others possess large areas or whole leaflets (early occurring mutations).

There is evidence that this allele, Y7, mutates to the wild type, Y, which is green and stable and to the recessive,
¥, which is yellow and lethal in the seedling condition. (With an increase in the amount of yellow tissue there is an
increase in the frequency of lethals.) However, changes from one type to the other are observed, and patterns of
variegation representing different states of the instability are described. These depend upon the time and frequency

of mutation events.

Evidence is presented to support the hypothesis that this instability is controlled by a factor that resides at the
locus. Such a factor governs the timing of the mutation events and is related to similar elements in maize, which are
part of specific mutable systems. Control of variegation of the Y locus is compared with the models proposed for

the cases of instability in maize.

Introduction

Varjegation in plants has long elicited interest
among biologists because of its universal relevance
to spontaneous gene mutation. A case of leaf varie-
gation in soybeans, originating spontaneously in the
Lincoln variety, possesses distinctive features that
resemble cases of variegation in a wide variety of
other plants (DEMEREC, 1935). Direction, frequency,
and timing of the mutation event are similar; timing
suggests the states of mutation that have been so
extensively studied in maize (McCLINTOCK, 1951,
1956a, 1956b; BrINK and Niraw, 1952 and PETER-
SON, 1960, 1961, 1968a) and also in Awntirrhinum
{Harr1isoN and FINCHAM, 1964).

In this report, an analysis will be made of the un-
stable allele Y, which controls chlorophyll produc-
tion, its direction of mutation, and the various deri-
vative patterns. It has been established that the in-
stability resides at the Y locus (PETERSON and WEBER
1964) and the unstable allele has been designated Y7,
Further, a hypothetical depiction of the locus involv-
ed will be presented.

Materials and Methods and Description
of the Mutant

This case of variegation arose spontaneously in a single
plant in the soybean, Glycine max L. Merrill, variety
Lincoln in 1951. Instability is expressed in the leaflets
as yellow areas within green tissue and the size of the
mutant tissue ranges from small (Figure 1B—1D) to
large sectors (Figure 1E—1G), some of which involve
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an entire leaflet (Figure 1H) or a whole trifoliate leaf
(Figure 2B). Usually a given plant exhibits a uniform
variegation pattern. When the yellow area includes a
large part of the leaf, mutation has occurred early
(Figure 1E—1H). On the other hand, small patches of
yellow tissueindicate late occurring events (Figure 1B-1D).

Some progeny of variegated plants are completely
devoid of green tissue; these seedlings succumb after the
food reserves of the seed have been exhausted and are,
therefore, scored as lethals. Plants possessing even
a small amount of green tissue are able to survive.

All progenies studied arose from selfing.

(Within this report, Y refers to the Y7} allele).

Results
Description of the variegation

In variegated plants yellow sectors appear within
green tissue. As stated before, the size of these sec-
tors varies from that of a pinhead to that of an entire
leaf and depends upon the timing of the mutation
event; larger sectors result from a mutation that
occurs early in the ontogeny of the leaf tissue (Fi-
gure 1E—1M); small sectors are a consequence of
late-occurring mutations (Figure 1B—1D). Changes
from one pattern type to another occur infrequently
as exceptional sectors in an otherwise uniformly
variegated area (Figure 3B). These particular pat-
terns of expression will be referred to as states, and
these are designated early-mutating, Y”—*, and late-
mutating, Y%

Light or pale green sectors also occur (Figure 4).
These appear pale rather than colorless because of
differences in the genotypes of the layered leaf cells.
If phenotypically the palisade tissue is green and the
spongy tissue is yellow, the combination produces
a pale-green coloration.

The unstable allele — Y™

Plants with the unstable allele are phenotypically
green until a mutation occurs. The allele is designated
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I'ig. 1. Normal (A), variegated (B—G) and non green (H)

leaflets. — B, C, D — late mutations; E, F, G — carly and

late mutations; N — all mutant. — Alternatively, B, Cand D

could represent homozygous plants Y?/Y” and E, F, and G,
heterozygotes, Ym/y

Fig. 2. A type of pattern variegation, — B. Mutant (yellow)
seedling leaflets that arose from 2 A type

Y™, dominant and unstable (Figures 1, 2, 3). The
sectors showing a change are always yellow; in a back-
ground of green tissue this indicates that the direc-
tion of mutation is from Y™ to y. If the allele were
recessive and unstable, one would expect to find
green sectors (Y) in a yellow background. These are
never found.

The mutation to y

The frequency and size of yellow sectors vary.
Within a progeny row appearance of seedlings with
excess yellow tissue is correlated with an increased
frequency of non green seedlings, which are lethal
subsequent to early seedling development in the
field. The frequency of yellow seedlings (lethals)
arising from the selfs of plants possessing diverse geno-
types is shown in Table 1.

The newly arisen y allele is stable. As indicated
previously, reversions of y¥ to Y have not been ob-
served. In view of this, the y allele is designated
47 (nonreverting) as opposed to a y that could
revert. It resembles the non-reverting types in maize

Fig. 3. Leaves from an original late variegation type. —
A. Late mutations in all leaflets — parent pattern; B. One
leaflet (right) is like those in A (original pattern); other two
leaflets have some early mutations and their occurrence
indicates a change from late to early-variegation typc

Fig. 4. Notice paie green mutant sectors (arrow) and

yellow sectors; the pale green sector is due to diffe-

rences in the genotype of the layered cells which result

from phenotypically green palisade tissue and non-
green spongy tissue

that arise from unstable alleles such as 4" and a7
of the En system (PETERSON, 1961, 1968a) and non-
responding bz of the Ac¢-Ds system (McCLINTOCK,
1956). Other stable, nonreverting types have been
described, g of a mutable flower color gene in china
aster (HONDELMANN, 1958) and unspotted white in
Antirrhinum (HARRISON and FINCHAM, 1964).

In general, the large sectoring types give a higher
frequency of yellow seedlings (Table 1, items 6, 9, 12)
than the small (low) sectoring types (Table 1, items
7 and 8). The presumed genotypes of each of the
parent cultures (S, plants) of each of the progenies
listed were confirmed by determining the distribu-
tion of homozygous (Y™/Y™) versus heterozygous
(Y™/y) genotypes among the unstable S; plants.
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Table 1. The frequency of yellow seedlings (lethals) avising from the selfs of planis and theiv presumed genotypes

Progeny test (S,) plants
Homo Hetero***

* Plant Percent Ym/Ym 41: ¢ Presumed genotype
Culture Sy plants phenotype lethal Y/ysor Ymjys 1: 2 original culgture"‘}:“P
(1) 263-2-3 normal 27 13 :17 Y/ys
(2) 264-21-1 light 4 16 : 7 YmY
(3) 264-10-2 heavy 33 26 : 11 Ym[ys
(4) 264-11-2 heavy 59 1: 8 Ym/ys
(5) 264-54-2 heavy 32 10 : 13 Ym/ys
(6) 264-61-1 heavy 37 11 : 13 ymfym
(7) 264-10-2-1 light 7 11: 8 Ym/ym
(8) 264-10-2-7 light 10 11 : 15 ym[Ym
(9) 264-10-2-14 heavy 33 §: 4 ym/ym
(10) 264-10-2-28 heavy 28 1:10 Yym|ym
(11) 264-11-2-6 heavy 43 0:12 Ym/ys
(12) 264-11-2-8 heavy 27 4: 8 Ym/ym

* S, plants = single plant selections.

** Based on 3 observations: plant phenotype, % lethality, and distribution of homozygotes-heterozygotes in the progeny

tests of the S, plants.

*** The designation of the homozygote or heterozygote is based on the percent of yellow seedlings among the S, progeny.
A value of less than 25% yellow seedlings would designate a homozygote and greater than 259%,, a heterozygote.

Table 2. Frequency of progeny types from plants with diffevent phenotypes, each devived from the initial 263-2

variegated plant

Progeny
Plant -
Item phenotype Non- Lothal Total Varie- Green Prestzmed ;
arent etha sur- non: genotype o
( ) lethal vived gated variegated parent
1 263-2-1 light 43 15 43 29 12 Ym[ym
2 263-2-2 heavy 23 27 18 13 4 Ym/[ys
3 263-2-3 normal 37 18 38% 1 37 Ym/ys

* Excess survivors over non-lethal probably due to error in counting.

Among S, plants (table 1) the homozygous Y™/Y™
types would be expected to give rise only to homo-
zygous types. Of course, the continual mutation of
Y™ to y results in a low frequency of y gametes re-
placing the original Y™. These would give rise to
heterozygotes (Y™/y). The frequency of y gametes
cannot be predicted because of the erratic nature of
the mutating event. In any case, the frequency of
the class designated as heterozygotes would be less
than the frequency expected among the progeny of
an original heterozygote Y™/y. Without mutation
of Y™ to y the expected distribution of homozygous
(Y™/Y™ to heterozygous (Y™/y) plants among the
progeny of a homozygous type would be 1:0, but
with heterozygous plants the ratio would be 1:2.
However, the occurrence of y-containing gametes
following Y™ to y mutation adds some heterozygotes
to the progeny of the original homozygote and in-
creases the frequency of heterozygotes among pro-
geny of original heterozygous plants. Because of the
highly unpredictable frequency of v containing game-
tes, it is not possible to absolutely define the pheno-
typic ratio designating the progeny of a heterozygote.
Since the self of a Y™/y* plant should result in at
least 25%, yellow seedlings, a frequency of 259, or

greater might indicate a heterozygous condition, and
a frequency of less than 259, non-green seedlings
would suggest a homozygotic one. A bias is possible
here since some homozygotes with a very high fre-
quency of sectoring would yield an abnormally high
frequency of non green seedlings (example, Table 1,
items 6, 9, and 12). But otherwise, this manner of
defining genotypes leads to a fair approximation of
the classes.

The green allele, Y, expresses the stable dominant
green phenotype in the heterozygote, Y™/Y. This
is confirmed by examining the progeny of numerous
normal plants. Two were from heterozygous Y™/Y
plants (Table 3, Part C).

Y™ mutates to Y

Three different types of plants were selected from
the progeny of an original variegated plant, 263-2
(Table 2). It is evident from the distribution of the
progeny of these three that the original plant, 263-2,
was Y™/Y™ or Y™/y. Among the progeny of two
of the plants (Table 2, items 1 and 2} green, non
variegated plants segregated. Further, one of the
three original progenies of 263-2 (Table 2, item 3) was
green, nonvariegated. The seedling ratio of non
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variegated to lethal suggests that the genotype is
Y/y® and indicates that Y (green) is dominant to y*
(vellow). This was confirmed by testing 30 of the
surviving 37 green, nonvariegated plants. If the
original plant (Table 2, item 3) was Y/y* 1/3 of the
resulting progeny would be expected to be Y/Y,
and 2/3 would be expected to be Y/y*. The genotype,
Y/Y, is established by the complete absence of yellow
seedlings and Y/y® is indicated by the segregation of
yellow seedlings. Though 25Y%, yellow seedlings would
be expected, there was a wide range in their occur-
rence because of the small size of the progeny. How-
ever, the occurrence of any nongreen seedlings would
confirm the heterozygous nature of the plant, ir-
respective of their frequency. The predicted geno-

An Unstable Locus in Soybeans

159

type, Y/y* of the original plant (Table 2, item 3) is
confirmed (see chi square analysis, Table 3). These
results indicate that the Y™ allele mutates to Y.
Further, Y is dominant to y. The high frequency of
nongreen seedlings in the heavily variegated plant,
263-2-2 (Table 2, item 2), suggests that the excess
numbers of yellow seedlings arose from the mutation
of Y™ to y. Additional proof will be presented later.

1t should also be pointed out that this Y allele
arose from an original Y™ allele by mutation of Y™
to Y. Among the progeny of the original normal
plant (Table 3, part B) only one questionable varie-
gated seedling appeared among the 432 seedlings,
which attests to the stability of the newly originated
Y alleles derived from Y™,

Table 3. Distribution of progeny phenotypes of designated plants

Progeny
Plant Type o — - e Genotype
rent Non , Varie-
(parent) lethal  L-ethal** Total gated Normal parent
A. Initial heterozygote Y /y$-263-2-3
263-2-3 green stable 37 18 38* 1 37 Y/vs
B. Progeny test of green plants from 263-2-3
263-2-3- 1 green stable 14 7 12 0 12 Y/ys
- 2 green stable 24 0 23 0 23 Y/Y
- 3 green stable 13 0 12 0 12 Y/Y
- 4 green stable 27 3 25 1 24 Y/ys
- 5 green stable 25 3 21 0 21 Y/ys
- 6 green stable 31 0 28 0 28 Y/Y
- 7 green stable 33 0 33 0 33 Y|Y
- 8 green stable 12 2 12 0 12 Y /ys
- 9 greenstable 41 4 40 0 40 Y/ye
-10 green stable 25 4 23 0 23 Y/ys
-11 green stable 13 4 11 0 11 Y/ys
-12 green stable 16 0 13 O 13 Y/Y
-13 green stable 35 0 30 0 30 Y/Y
-14 green stable 15 10 15 4] 15 Y/ys
-15 green stable 11 3 9 0 9 Y/ys
-16 green stable 12 4 11 0 11 Y/ys
-17 green stable 5 0 5 0 5 Y/Y
-18 green stable 13 4] 15 0 15 Y|Y
-19 green stable 22 6 18 0 18 Y/y2
-20 green stable 5 2 5 0 5 Y/ys
-21 green stable 13 3 12 0 12 Y/ys
-22 green stable 9 1 9 0 9 Y/ys
-23 green stable 3 0 3 0 3 Y/Y
-24 green stable 9 0 8 0 8 Y)Y
-25 green stable 8 0 8 0 8 Y'Y
-26 green stable 11 1 9 0 9 Y/iys
-27 green stable 5 0 5 0 5 Y/ys
-28 green stable 7 o 7 0 7 Y/Y
-2g green stable 4 1 3 0 3 Yiys
-3¢ green stable 7 2 7 0 7 Y/ys
C. Progeny test of two green stable types
265-2-3 green stable 66 1 66 7 59 Y/Ym
265-10-3 green stable 54 0 53 19 34 Y/Ym
D. Chi square analysis of the distribution of genotypes among the progeny of 263-2-3
263-2-3 1-30 Yy Y/ys
observed 13 17
expected 10 20
b 1.35

* Excess survivors over non lethal due to original miscount.
** The low frequency probably due to differential survival.
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A B

Fig. 5. A graphic represcntation of the expression of mutation

in leaves of plants with the designated genotypes. In B, the

broken dash outline in the Y™m/Ym leaf indicates the size of

sectors of the original mutation event that is not expressed

until the second Y™ allele mutates — In A, each mutation
of Y7 to y is expressed

The states of Y™

Different patterns of variegation distinguish Y™.
Two explanations are possible, light versus dense
types may be due to heterozygosity versus homo-
zygosity or to late versus early timing of the muta-
tion event. For example, early Y”—¢ mutation leads
to heavy sectoring in the leaves (Figures 1, E-—H)
and probable inclusion in gametic tissue. As indi-
cated in a previous section, the early mutation of Y™
to y results in a high frequency of lethal types (Table1,
items 6, 9, 12). A late state (Y™~!) is distinguished
by small sectors (Figures 1, B—D, 3A). The lateness
of the event in Y7 reduces the possibility of the
inclusion of the newly originated sector in gamete-
forming tissue and consequently the production of
y gametes in plants containing the Y~/ allele.

The timing of the mutation event is critical and
affects the frequency of appearance of mutant sec-
tors. States that control early mutations produce
fewer individual mutations than late states.

Proof for heritability of states is confounded by the
difficulty in determining genotypes from the pheno-
typic appearance of individual plants. In a hetero-
zygous plant, Y™/y*, any mutation in the leaf would
be immediately expressed {graphically illustrated in
Figure 5A). This gives the appearance of heavy sec-
toring. In the homozygote, (Y™/Y™), however, two
simultaneous mutations are necessary for the expres-
sion of a yellow sector. This is due to the dominance
of the non-mutated, Y, which masks the expression
of the mutated allele until the second Y™ allele also
mutates (dash lines in Figure 5B). Thus, it is evident
that homozygosity can mask the true state of the
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allele. A heterozygote possessing a late-state allele,
Y#—t/y*, would mimic the homozygote of an early
state, Y™ . An attempt can be made to distinguish
between the possibilities by examining the progeny
of plants originating from a single isolated allele,
Among a group of mutant plants characterized by
medium to heavy variegation, light variegated plants
were selected. After two generations of further selec-
tion to analyze the particular light type, the pro-
geny of one plant, light variegated, was tested. Seed-
ling counts (i.e., green vs. non green) were made of the
progeny of 32 individual plants to determine the
distribution of genotypes. From the analysis of the
distribution of genotypes it is evident that the select-
ed plant originally considered to be light variegated
was green and therefore the Y allele arose from Y
to Y mutation. Nine of the 32 S, plants were Y/Y.
The remaining 23 Y/Y™ or Y™/Y™. In Figure 6A,
the distribution of lethals in these segregating plants
{1/3 of those in 6A are expected to be Y™/Y™) is
presented. The distribution of this light type can
be compared with another selection characterized by
a medium variegation. As with the previous light
type, this medium type was isolated to analyze the
heritability pattern, and seedling counts were made
of the progenies of individual S, plants. The progeny
of the medium type (similar to the leaf in Figure 1B)
arose from an S, plant that produced 18.1%, lethals.
Since this is less than 259%, (expected if the genotype
is Y™/y) and the mutation is characterized by a me-
dium level of variegation, one would hypothesize
that the original S; plant was Y™/Y™. The distri-
bution of lethal frequencies among the 41 5, plants
(Figure 0B) supports this supposition. There were
26 S; plants with more than 459, lethals. This re-
presents a y gamete frequency of approximately
.7 among these plants. Fifteen of the S; plants had
lethal frequencies of less than 459,. The first group
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Frequency of yellow seedlings

Fig. 6. Distribution of frequencies of yellow seedlings among

the progeny of plants with the designated genotypes. —

A. Ym[Y — phenotypically green; B. Y™y — phenotypically
variegated
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{above 459,) probably includes heterozygotes, Y™/y,
with a base value of 259, lethals; the additional
lethals would originate from Y” to y mutation. The
group below 459, probably includes Y™/Y™ plants
and the high frequency of lethals arises from a high
rate of Y™ changes to v.

If it is assumed that the S, plant containing the
medium variegated Y™ allele in this series was a he-
terozygote, approximately 26 of the §; plants would
be expected to be heterozygotes. The remaining 45
plants would then be homozygotes. It is evident that
some of the homozygous plants have a high irequency
of lethals. A comparison of the distribution of the
two types (Figure 6A and B) shows that there is a dif-
ference in the frequency of lethals arising from varie-
gated plants of light versus medium states.

In addition to the above differentiated states,
changes from one pattern to another are observed
within individual leaves. Further, initial S, plants
of a specific pattern type give rise to distinctly dif-
ferent patterns among the progeny. For example,
late types have been isolated from an original early
pattern type. In addition, a wide variety of pattern
types have been isolated from an original variegated
plant containing only one variegated allele. Though
the presence of particular selected types does not
exclude genetic modifiers (highly unlikely since the
whole population is nearly isogenic having descended
from a single plant of a relatively uniform variety,
Lincoln) as a basis for the distinctiveness of the phe-
notypic patterns of variegation, the changes in pat-
tern type within an individual leaf support the con-
cept of early and late states of the allele.

More conclusive proof could be obtained by out-
crossing a series of putatively designated states. An
analysis of the subsequent progenies with their ac-
companying patterns would aid in further distinguish-
ing between these alternatives.

Discussion

Model for variegation of the Y™ allele

Observation of the phenotypic pattern, yellow
sectors within green areas and the absence of green
sectors within non-green tissue, supports the hypo-
thesis that the unstable allele Y™ is a dominant green
allele that mutates to stable green and recessive yel-
Jlow. The rate of occurrence of y from a particular
Y™ allele is very high (Table 1: some Y®/Y™ plants
have a 60%, frequency of y gametes). Less frequently
the change is to the stable green allele, Y. The direc-
tion of change and the accompanying phenotypes of
each of the alleles are shown in Figure 7.

This case, therefore, where a dominant allele fre-
quently reverts to a recessive form, is in contrast
to those cases of instability extensively investigated
in maize, where generally the direction of change is
from the recessive to the dominant form.
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Y Normal and green

|

Variegated Y™ T Y™ Voriegoted

y*  Sellow and lefhal

Fig. 7. Direction of change and plant types associated with
the unstable Y™ complex; Y7’ and Y™ — medium and light
variegated, respectively

The maize cases of instability are ascribed to a sup-
pression of the dominant allele that results in the
recessive phenotype. It has been demonstrated in
several systems (McCLINTOCK, 1951, 1956a, 1956b);
BrINK and NiLaN 1952; PETERSON, 1960, 1901,
1968b) that change from recessive to dominant is
accompanied by the removal of a suppressing ele-
ment from the locus involved. This leads to full
expression of the dominant allele.

With the Y™ allele mutating in the reverse direc-
tion, it is difficult to hypothesize element insertion
which would result in suppression of Y since one
would expect an occasional loss of the element within
a yellow sector. This would lead to the appearance
of green sectors within yellow tissue. As was pointed
out in the results, none were found. Proof for the
presence of suppressing elements requires an extensive
crossing program and the availability of a tester
allele (such as 4® in the En system — PETERSON
1961) ; it has not been possible in this material.

One of the clues for the presence of elements caus-
ing variegation is the appearance of instability at
other loci. As has been demonstrated in the case of
instability in maize, elements of a system such as
Ac—Ds or En—1I are transposed from one locus to
another causing instability at the new sites (McCLIN-
TOCK, 1953; PETERSON, 1963, 1968a). Further, the
insertion of an element at a locus can result in the
origin of novel variation, a type that is not apparent
in natural populations (PETERSON, 1966Ga). Such
variation might be useful in a breeding program.

The different patterns that have been considered
as states of the allele represent a universal feature
characteristic of unstable genes. States of high and
low instability observed in Amntirrhinum (HARRISON
and FincHAM, 1964) are examples of extreme differ-
ences. A series representing a continuous spectrum is
found in maize (McCrLiNTOCK 1951, 1956b; PETER-
SON, 1960, 1961, 1966b), in Pharbitis (Imar and Ta-
BUCHI, 1938) and in many other plants (reviewed
by DEMEREC, 1935). Since indications are that timing
of the mutation event is critical, the mechanism of
timing control should be investigated further.
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Zusammenfassung

Die Untersuchung eines variegaten Zustandes bei
der Sojabohnensorte ‘Lincoln’ fithrte zum Nachweis
einer Instabilitit des Y-Locus. Blattsektoren mit
chlorophyllfreiem gelbem Gewebe traten in bestimm-
ten erblichen Mustern auf. FEinige Blitter wiesen
kleine Flecken gelben Gewebes auf (spit eingetretene
Mutationen), wihrend andere groBe Flichen oder
vollstindig gelbe Bldttchen besaBen (friih eingetretene
Mutationen).

Es gibt Beweise dafiir, daB das entsprechende
Allel Y7 sowohl zum stabilen Wildtypallel Y, mit
grinem Phidnotyp, als auch zum rezessiv gelben ¥,
das im Sdmlingsstadium letal wirkt, mutiert. (Eine
Zunahme der Menge gelben Gewebes ist mit einer Zu-
nahme der Letalfrequenz verbunden.) Umwandlun-
gen eines Typs zu einem anderen werden beobachtet
und Variegationsmuster beschrieben, die unterschied-
liche Stadien der Instabilitdt verkdrpern. Diese hédn-
gen von dem Zeitpunkt und der Frequenz der Muta-
tionsereignisse ab.

Es werden Beweise vorgelegt, die die Hypothese
stiitzen, daB diese Instabilitit durch einen Faktor
kontrolliert wird, der sich am Locus befindet. Ein
Faktor dieser Art kontrolliert das zeitliche Auftreten
der Mutationsereignisse. Er ist mit dhnlichen Ele-
menten des Maises verwandt, die Teile eines spezi-
fisch mutablen Systems sind. Die Kontrolle der
Variegation durch den Y7i-Locus wird mit den Mo-
dellen verglichen, die fiir die Fille der Instabilitit
beim Mais vorgeschlagen wurden.

Received December 11, 1968

Communicated by W. SEYFFERT

: An Unstable Locus in Soybeans

Theoret. Appl. Genetics

References

1. BriNk, R. A,, and R. A. NiLan: The relation be-
tween light variegated and medium variegated pericarp
in maize. Genetics 37, 519544 (1952). — 2. DEMEREC,
M.: Unstable genes. The Botanical Review 1, 233—248
(1935). — 3. HarrisoN, B. J., and J.R.S. FINCHAM:
Instability at the Pal locus in Antirrhinum majus.
Heredity 19, 237—258 (1964). — 4. HONDELMANN,
WALTER: Untersuchungen an einem mutablen Bliiten-
farbgen von Callistephus chinensis Nees. Z. Vererbungs-
lehre 90, 159--181 (1958). — 5. Imal, YosHI Taka, and
Kivoo TasucHi: Recurrent mutation in the flaked
alleles of Pharbitis purpurea. Jour. of Genetics 385,
433—446 (1938). — 6. McCriNnTOCK, BARBARA: Chromo-
some organization and genic expression. Cold Spring
Harbor Symposia Quant. Biol. 16, 13—47 (1951). -
7. McCriNTock, B.: Induction of instability at selected
loci in maize. Genetics 38, 579—7599 (1953). — 8.
McCrinToCK, B.: Controlling elements and the gene.
Cold Spring Harbor Symposia Quant. Biol. 21, 197 —216
(1956a). — 9. McCriNTOCK, B.: Intranuclear systems
controlling gene action and mutation. Brookhaven
Symposia in Biology 8, 58— 74 (1956b). — 10. PETERSON,
PeTeErR A.: The pale green mutable system in maize.
Genetics 45, 115—133 (1960). — 11. PETERSON, PETER A.:
Mutable a; of the Exn system in maize. Genetics 46,
759—771 (1961). — 12. PETERSON, PETER A.: Influence
of mutable genes on induction of instability in maize.
Proc. Towa Acad. Science 70, 129—134 (1963). — 13.
PeTERSON, PETER A.: Novel variation resulting from the
effect of a regulatory-controller system on a locus in
maize. Genetics 54, 354 (1966a). -~ 14. PETERSON,
PETER A.: Phase variation of regulatory elements in
maize. Genetics 54, 249—266 (1966b). — 15. PETERSON,
PeTER A.: The origin of an unstable locus in maize.
Genetics 59, 391 —398 (1968a). — 16. PETERSON, PETER
A.: Mutations coincident with transposition of elements
in maize. Proc. XII. International Congress of Genetics,
Tokyo 1, 253 (1968b). — 15. PETERsON, PETER A,,
and C. R. WEBER: Control of variegation of the Y7 allele
in soybeans. Agron. Abstract page 76 (1964).

Professor PETER A. PETERSON,
Department of Microbial Genetics,
Karolinska Institute,

Stockholm 60 (Schweden)

Professor C. R. WEBER, Research Director,
Peterson Seed Company,
Ames, Iowa (USA)



