NOTES ON THE D-CHROMOSOME OF THE
SWEET PEA

By R. C. FUNNETT
With an Appendix by (. D, Daruneron
(With Two Text-figures)

TINRAGE DATA

sSoms data involving four pairs of characters in the D-chromosome of
the sweet pea were given in an eariier number of this Journal (Punnett,
1932). In all cases the percentage of cross-overs was so high, ranging |
between 35 and 509, that it was not possible on the evidence collected
to assign definite loci to the four genes concerned. At that time, however,
a fifth factor had been discovered which was also located in this chromo-
some. This was the so-called “fake modifier” of which an aceount has
already been given {Punnett, 1936). During the past few years experi-
ments have been in progress relating this factor to the four earlier ones,
and we are now in a position to provide a reasonably consistent wap of

- this chromosome for further study. The five pairs of characters concerned
are:

D.—d, ... Tendril-acacia leaves
D~d, ... Bright-dull flower colour
D,-d; ... Presence and absence of flake mod1ﬁe1
D4, ... Hairy-glabrous {=smooth)
D4, ... Full-picotee Hower pattern.
Tapie I
Coupling series Cross- Repulsion series Cross;
% - aver - over

xr Xy  a¥ xy value XY Xy a¥ Ty value

o
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DD, 1580 ¢ 482 421 148 0480 1844 592 603 171 0482
DD, 1438 - 443 434 162 . (469 1337 465 415 128 0483
D,D, 200 82 44 35 G350 — — — —

DD, 373 112 105 42§47 — — — —

DD, 1076 298 283 188 (0887 2637 1003 993 181 0-349

So far as possible F, families of hoth the coupling and repulsion types
have been raised for each combination of these five genes. The condensed
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resulls are given in Table I and may be left to speak for themselves.
From them has been constructed the map of the chromosome shown in
Fig. 1. The cross-over values in the table have been caloulated by
Immer’s method (1930), and where these differ on the coupling and
repulsion sides the approximate mean between the two values has been
made use of in constructing the map. The cytological hearing of these
data is discussed by Dr (. D. Dazlington in an+Appendix to these notes.
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MUTABILITY IN FLAKES

In connexion with this work there are a few points which call for
special notice. The first of these concerns the constancy of the flaked
form. Recent work by Imal and linuma (1938) showed that the red
flaked variety “America” throws off an appreciable proportion of self-
coloured and dark-flaked individuals, viz. about 3-5 %% of the former and
about 3% of the latter. Their analysis further indicates that in the
allelomorphic series Gy, G/, g, {viz. self, flaked, white) &, 1may mubate
to Gy: also that d, may mutate to D,. The ocourrence of such mutational
changes obviously introduces a disturbing element into the numerical
ratios upon which depend the values of linkage determinations. Never-
theless I do not consider that these results of Imai & linuma affect my
own data; for a notable difference in the material with which the
Japanese observers worked and my own was that theirs consisted of
reds and my own entirely of purples. And as Beale {1939) and his co-
workers have recently shown these two colour classes are characterized
by different anthocyaning, i.e. the veds by cyanidiz and the purples by
delphinidin. Certainly I have grown great numbers of flaked purples
without encountering a single indubitable mutation.® 5 is posgible that -

* T gave & fow cases of salfs and dark Hakes urising in familiss of normal fakes in an
sarlier paper {1932} and T still regard these as more probably due to roguing by M egachile
bhan to matation; for T have had mainy long rows of purple flakes showing ne dasker form.
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there may be a connexion between the nabure of the anthocyanin
involved and the cceurrence of mutability. Tt would be interesting to
tegh the point in other species where both flaking and different kinds of -
pigment are found. '

Murarion AT THE Gy LOCUS

In their paper of 1938 Imal & Iinuma suggest the addition of a
farther a.llélomorph to the series Gy, Gy, gy This is expressed as a very
pale form, practically a white tinged with pink at the periphery of the
petal. It oceurred very rarely in their experiments and bred true. The
authors denote it as g,’, regarding it as a member of the above series
coming between G’ and g, ; but since no genetical work was carried out
with 1t the attribution so assigned must at present remain doubtful.

During the course of wy own work, however, I have come across a
form which must clearly be regarded as due to an additional allelomorph
of the G, locus. The circumstances under which it appeared were as
follows.. In 1936 I found myself short of the biue-flaked acacia type
which I needed for certain combinations. At my request Dr Brieger,
then at Merton, kindly sent me a few seeds of this form. When sown in
1936 I noticed that some of them were decidedly lighter than what I
had come to vegard as the normal blue fake. Others, however, wers near
the normal type and one of these crossed with a self-coloured purple
(DD,G,'Gy") gave five F, plants of which one was a dark flake (as
expected) and the other four were of the light flake type, though rather
darker than normal. The dark flake gave the expected F, result in 1938,
there being only regular selfs, dark flakes and Light Hakes in the expected
proportions. One of the lighter flakes was also grown on to F, and gave a
quite different result (cf. Table II). Seif-coleured plants were fewer than
would have been expected, while the flalkes ranged from a very pale up
to a very dark form. : .

In 1938 one of the palest flakes received from Dr BI‘leD‘ﬂ was hack-
crossed extensivelyswith plants of an ¥, purple dark flake tendsil carrying
blue and acacia, 1.e. D@, D,d;D.dy in composttion. In 1937 ninety-eight
plants were raised from this series of crosses. They were all flakes ranging
from a dark-flake type, rather lighter thar the normal dark flake, down
to very light flakes. In 1938 families were raised from thiree plants of
the darker type, which in appearance weré very like the lghter type of
F, mentioned above. The results were very similar in all four families
and are given in Table II. The plants were graded inte six different
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classes, though the distinction hetween the darks and very darks on the one
hand, and between the dark-lights and the lights was not always casy.
To explain these results I assume the existence of another allelo-
morph of the G, locus, viz. Gy, of which the action brings about less
production of pigment than does Gy’, the gene for normal flaking. With
D, the flake modifier, Gy’ cannot give rise to the self-colonred form even
though the plant he homozygous for D,. Also, plants of the constitution

Tapre 11
Hix back-cross -
Flower Bx I : \
grade Fam. 28 Fam. 32 Fam. 35 Fom. 36 Total Expectation

Self 1o 10 i 4 31 20-7
Very dark 18 9 ] T 42" 41-4
Dark 11 16 13 4 43 4621
Dark-light 20 23 17 15 73 8§2-8
Light 27 48 31 12 118 1035
" Very light 8 10 5 3 24 20-7

DD, GG, are very dark flake instead of being self-coloured. The
plant of the constitution D,d,G,'G,” must be regarded as a “*dark-
Light” similar to the F, parent of Fam. 28 and the back-cross parents of
Fams. 32, 35 and 36. On this hypothesis such “dark-lights” should
produce the four types of gamete DG/, D,G,", G, dyG,” and give
rise to families with six different grades ranging from self to very light
fiakes, and in the proportions shown in Fig. 2. Having regard to the fact

DG’ ! p,g/ | DGy DGy’
DGy [ D, G~ Gy’ dyGy”
Seif V. dexk Dark D1k,
D, G, ’ DG DG D, 6"
DGy [ D, G, - d, Gy A
V. dark Daric D1t Lt.
d, Gy’ [ 4, Gy’ A&y &Gy’
D, Gy [ D, Gy d, Gy’ 4,G,"
Dark i Dle.—i. Lt. L.
4G, 2, G d; G 4, G
D, Gy’ D,G,” Ay Gy’ GG
{ Dilb. | Lt. f Lt V. It

that some of the classes tend to run together, and are not easy to classify
when only-very few flowers are available, the hypothesis accords reason-
ably well with the data, and may be taken as rendering highly prohable
the existence of a fourth member in the allelomorphic series at the locus
of Gy,
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DerraieNcy or RECESSTVES _

In & brief discussion of this question in 1932 I suggested that the
general deficiency of recéssives was more Likely to be due to some
inherent weakness than to specific semi-lethals, The following piece of
evidence hears upon this point. In 1933 T had three large families from
sisber plants carrying smooth (d,} and also white (g,) as recessives,
and from them were obtained in all 887 plants. From considerations of
space they were sown rather closer than usual and germination was good,
Due probably to their crowded condition they started to bloom rather
late, and by 3 July barely oue-quarter were in flower. The whites were
pulled up and recorded as soon as they showed a fiower, the remainder
being left until 13 July by which time about one-half of the plants Lad
flowered. Since the majority of those which had not flowered seemed
unlikely to do 0, most being very small and stunted, the rows were pulled
and recorded. Those which had not flowered were determined without
difficulty in respect of the hairy-glabrous pair (D,~d,). The distribution
of hairy and glabrous plants in the flowered and unflowered plants re-
spectively ig shown in Table ITT,

TasLe 111
Earlier Later . Total
s e ™1 A Ty ) s R
Fam. Hairy Smooth Hairy Smooth Hairy Smooth

21 51 . 24 52 20 133 435
22 06 22 Td 41 170 83
23 185 43 175 68 360 116

362 93 301 120 683 224
Ratio 3-87:1 2331 2:86; 1

There is an evident deficiency of zecessive smooths among the earlier
plants which flowered, but this is compensated for by a redundancy
among the later ones whick failed to do so, so that the ratio for the total
number of plants is almost exactly the expected 3:1. Evidently the
smooths germinate as well as the hairy but are rather slower in growth and
consequently more affected by crowded conditions.

I have mentioned that the white-fowered plants were pulled up and
recorded as soon as they came into flower. Table TV shows the distribu-
tion of hairy and smooth on the whites up to the date of record in each
case.

TaeLe IV

C & July 5 July 7 Jduly 15 July
Hairy 31 55 76 169
Smoocth 2 8 18 26



306 Notes on the D-Chromosome of the Sweet Pea

It will be noticed that the earliest flowered plants are almost all hairy,
and that the proportion of smooths that come into Sower gradually rises,
until by 15 July it is not far short of the expected proportion of recessives.

SUMMARY

Linkage data sre recorded for five pairs of characters in the D-
chromosome of the sweet pea, and a provisional map of this chromosome
is given.

Evidence is given for a fourth allelomorph in the series G,...G,"... g,.

Data are given for the hairy-glabrous pair (D,~d,) which bear upon
the question of the deficiency of recessives so often noticeable in the
sweet pea.
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Appendiz

CHIASMATA AND CROSSING-OVER IN THE
D-CHROMOSME OF THE SWEET PEA

By C. D. DarrineTon

THE present data show that the greatest mapped length in the chromo-
somes of the sweet pea covers an uncorrected crossing-over distance of
119 wnits. Corrected for double crossing-over, shis distance would be
increased by 20 or 309, according to the strength of interference. ft
thus approaches the greatest length previously mapped in a plant, that
in the first chromosome of Zea Mays (128 units) where T have predicted
(1934) a total length of 185 units from observed chiasma-frequencies.

It is therefore worth knowing how the breeding results compare with
chiasma-frequencies in Lathyrus. On my theory of crossing-over, every
«chiasma results from a single act of crossing-over and every ach of
crogsing-over gives rige to a single chiasma. The one is therefore indi-
vidually or statistically predictable from. the other. A mean chiasma-
frequency of z for a given hivalent implies that thiz bivalent has
corrected or absolute total linkage map length of 50z crossing-over units.
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In using this caleulation to predict the Emits of a linkage map we have
to remember that the constancy of crossing-over for any given bivalent is
subject to three conditions: (i) constant or indifferent genotbypic control
of chiasma frequency in the stocks used: (i) constant or indifferent
environwmental conditions such as age and temperature; (i) constant
structural conditions in the particular chromosome, whether structurally
homozygous or not. This last proviso is more important than might he
expected. Chiasma-frequencies can usually be obtained on structurally
homozygous material. Crossing-over frequencies cannot be obtained on
such material where a position effect is the operative difference. The
first two conditions, however, are likely to be the important ones in the
present case,

Bearing in mind these reservations we can compare the chiasma and
linkage data in Lathyrus. Stone’s observations on the chromogomes,
reported by Upcott {1937) can be used for predicting separate values for
each chromosome in the following way. Stone recorded the chiasma-

* frequencies of the seven bivalents together, since they are not constantly
- distinguishable ab meiosis, but he recorded their different lengths at
mitosis. We may therefore assume that the total chinsma-frequency per
nucleus (16-67) is, 2s usual, distributed among the seven chromosomesin
proportion to their several lengths, thus:

Mitotie Proportionate Units of
Chromosomes length Xma frequency CTOSSINg-0ver
Tand IT Spx2 06 x3 143
I, IV, ¥, VI Bpxd 292 x4 111 -
VII Buxl 185 x 1 93
Totals 45, 16-67 833

It will be seen that a wide range in the mean chiasma-frequency of the
Individual hivalents is required. The possibility of such a Tange may be
estimated by comparing the observed variance (0-8) with the value of the
mean for all the bivalents in the nucleus (2-38). Data that T have recently
collected show that this proportion of one-third would be high for homo-
geneous.pivalents with low means in a non-kybrid diploid (of. Haldane,
1931). A range in means of the different bivalents, such as T am assuming,
is therefore to be expected from the meiotic as well as from the mitotic
ohservations.

In a word, the linkage data show a minimum uncorrected map length
of 118 units in one chromosome of the sweet pea and the chiasma data
show a maximum absolute map length of 148 units in its longest chromo-
some. 1conclude that, unless conditions or genotypes used at Cambridge
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favour higher crossing-over than

ab Merbon, the D-chromosome linkage
must cover nearly the whole len gth

of one of the two longest chwmosomes.
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