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IsrropUCTION

SEtr-sTERILITY 18 widely distributed in the angiosperms, and there can
be no doubt that it has arisen independently in many different families.
There are many genera whose species are all self-fertile, but hardly any
whose species are uniformly self-sterile. It is of interest that cultivated
species are very often completely or partially self-fertile while their wild
relatives are self-sterile (Brieger, 1935).

The present study is an analysis of the occurrence and inheritance of
self-fertility in two cultivated plants, dntirrhinum and Petunia, whose
wild ancestozs are largely self-stexile.

Parr I, ANTIRREINUM

Many wild species of Antirrlimum are found in the Mediterranean,
notably in Spain, Porsugal and southern France. N early every individual
found wild is self-sterile (Gruber, 193 ). All the cultivated varlefies,
_I?ewever, are self-fertile. It is impossible to say how long dntirrhinum
hag been in cultivation, but it is supposed to have been widely distributed
by mediasval monasteries.

The plants of dntirrhinum studied were largely F, plants of crosses
between cultivated majus and several wild species, e.g. A. hispanicum
and A_. latifolium, (cf. Brieger, 1935). They were diploids, 21 =16.

‘ .aniger {1935} has shown that in dnéirrhinum self-sterility is due to
% single d_Ominaut factor. The inheritance of self-sterility has recently
E)le;;stquJed by Brieger (1930, 1935), Gruber (1930) aud Gruber & Kith?
flllbed}.m ht;;re 18 a large series o:_f multiple factors (S) C(')Iltl:()].ﬁllg pollen-
i theghst?‘/-t L Poﬂie.n tubes carrying an S gllelomorph which 18 a,lsg Present
g Thel%fma' Poﬂmabed aL:e 110.[; able to develop n.oz'n}avﬁ_y or fez:tlhze any
allei ertility fa'ctor of magus overcomes the inhibiting action of the
Omorphs of magus, Sy, bub not that of allelomorphs of wild species,
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S,. RSelfing an F, plant from the cross majus x wild type we should
expect the following behavionr:

£, plants: F Sy Gametes F Sq functioning after selfing.
i Sy F S not functioning after selfing,

i Sy functioning after selfing,
f Sy not functioning after selfing.

i, plantz: 6 plants F- —— Al self-fertile,
% plant ggmgmf Both sell-stevile.
23 welm

The genetic formula given shows that we should expect three-guarters
of the F, plants to he self-fertile and the remaining gnarter to be self-
sterile. This proportion had heen obtained by all previous workers. Tt is
true, as Brieger (1935} points out, that there is a shorfage of recessives,
but this is a phenomenon apparently common to all recessive factors
segregafing in the majus wild species crosses and is not necessarily
connected with self-sterility.

The self-sterile offspring in F, should always consist of two classes of
genotype, members of each class being cross-sterile with one another
while members of the different classes are inter-fertile. This point has
not yet been verified, and one of the original objects of this study was
to test it

If the self-steriles in &, fall info two classes we should confirm
Brieger’s assumption that self-sterile majus carries allelomorphs of 8
which are hypostatic to F. There is an alternative possibility, however,
that majus carries an indifferent allelomorph which has no effect on
pollen-tube development, whether the plants carry F or £f. The presence
of one or of two seli-sterile classes in #, would furnish a final proof of
ote or other genetic constitution. In fhe latter case the percentage of
self-sterile offspring in F, would be lowered to 12-5%,. Hewever, the
exact percentage of recessives obtained In thesse F,’s is not critical
evidence, there being always, as mentioned above, g significant deficiency
of recessives.

Another point arises in this connexion. As Brieger pointed out (1930)
the abnormal segregation of the factor for peloric flowers (Rad/rad) in
these crosses can best be explained by a very close or even complete
linkage between this gene and the geries of S allelomorphs. The data
compiled by Gruber & Kihl (1932) and Brieger (1935) support this
hypothesis. Unfortunately the factors always go into the cross in the
repulsion phase, the self-fertile peloric majus being crossed with self-
sterile normal-flowered plants. Cross-over plants were not available ab
the beginning of thess experiments.
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Below are the genetic formulae of #| and F, including F/f, Rad/rad
and the two allelomorphs Sp/Sy:

F Sprad | o

TS Rad Self-fer al fl .

I { 8 Rad Self-fertile witk normal lowers
. F Sy Rad . ) s Smrad
Fg 3 plzm‘ca m 3 pl&.uts = sz‘ad
I SyRad i Sprad
1 plant f & rad 1 plant §Eorad

The fact that the pelovic flowers are shared in equal proportions hetween
the self-fertile and the self-sterile plants has been ascertained by previous
authors. From this we may conclude that there is almost no cressing-over
between the S allelomorphs and the Rad/rad factor in the male. If no
crossing-over ocours in the female either, the data would be in complete
agreement, and the division of the self-steriles into two classes for
sterility and for fower-shape should be identical. On the other hand,
crossing-over in the female would produce, among the self-sterile
offspring, two additional types:

£ S, rad S, Rad

£S5, rad fSyrad
The analysis of the seif-sterile offspring in F, should therefore answer
both these guestions: (1) whether majus contains indifferent or active
allelomorphs in the 8 locus, and (2) whether there is an appreciable
amount of crossing-over between the Rad/rad genes and the $ allelo-
morphs in the female.

The experiment as a whole was handicapped by very bad attacks of
Antirrhinum rust (Pucoinia anterrhame) both in 1934 and 1935, and the
numbers obtained were very small. The first self-sterility test was easily
Gal_:ried out. Four flowers on every individual were selfed, the results
bém.g as a rule quite consistent, i.e. all fertile or all sterile. The test for
sterility groups had to be started afterwards and necessitated a large
number of tesgt pollinations between brothers and sisters. Before these
couid be completed and the results scored he plants showed strong signs
of the disease and all tended to become sterile. Thus several points could
;i’_t be fO’%lowecI up. It was, for instance, impossible to determine exactly

& erossing-over peroentage. It was also impossible to decide whether all

the magus plants contained the same allelomorph of S or several different
aHEIOmQIPhS_

and

usizf;t;};e -statfs?ical analysis the stam:la,rd error bas been dei_zermined}

for “S‘lﬁ foz_'rguia. For each family d/o has been determn_ﬂe(.i, and

= 8roups of families the x% sums have heen calculated by adding all
Jouzn, of Geneties xxxyr 9
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the {d/o}? of every family, since for monofactorial segregations giving
two classes only y iz equal to dfe. Values expectad with a frequency of
less than [ in 100 were considered statistically significant. This Hmit
carresponds closely to a deviation whiclh is 24 times ths standard ervor,

TABLE I
Segregation. for peloric
Family N No. of rad o dfm Pa
444 115 37 49.6 -0-08 0-006
448 118 52 45-6 -0-96 0-02
498 T4 32 43-2 -1-17 1-37
$99 107 62 580 +1-63 266
502 115 38 &8-7 —{-28 0-08
503 1i8 43 44-9 -1-11 1-23
504 112 50 454 -0-86 0-92
505 i15 58 504 +0-08 0-006
506 65 38 584 +1-37 1-88
Total 939 458 T=494 -0-01 9-072
TABLE 11

Segregation for self-fertility
o5 of rad 9 of rad
inself-  In self-

Tamily Ny 9% of — dfm x* fertiles  sterfles
Py 443 71 9-9 -1-2 I-44 —_ —
444 117 123 -G8 0-36 4£8-5 57-1
+45 35 20-0 +1-8 324 e —
448 112 9-8 ~1-6 2-56 455 434
502 115 24-3 +4-2 17-64 44-8 60-7
504 112 5-4 -34 11-56 £6-2 86-6
505 115 130 ~ (3 0-09 48-4 60-0
508 63 15-8 +08 0-36 574 66-6
Total 759 V=13-8
Back-cross 446 95 5053 +10 100
447 G8 399 —-0-9 0-81
Total 163 =452
Results

The percentage of self-steriles obtained in eight families is given in
Table II. All values are obviously smaller than the expected 25%,, and
the roajority are significantly different. With the exception of two values
the percentage varies round the common mean of 13-8% in a normal
way, as indicated by the y? total. The two exceptional families with
24-3 and 54%, give deviations which are very significant but which are
in opposite directions.

To six families the flower shape also segregated, and there were equal
numbers of pelorie and non-peloric plants as expected. :

One of the two baclecross families gave nearly 509, selfsterile
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plants, the other only 39%,. Neither diffeved significantly from the
common mean of 45-3%.

Tn nine F, families for F/E the segregation of the Rad/rad factor
pair has been studied as a back-cross. None of the families differed
significantly from the expected value of 509 peloric, and the gensral
mean amennted to 46-4%, with y*= 01 for 9 degrees of freedorm.

Thus the results agree with expectation on a basis of the results
previously obtained by others. The deficiency of recessives common to
these hybrids has, according $o Brieger, been found only in regard to
fhe F/f segregation and not the Rad/rad segregation.

TABLE III
The self-sterility groups on family 444
3
Il )
13 25 63 94
2 15 v 3 3— 2] Rad
25 I . 2 1- Bad]
3 2- 2 - 2. 2. Rad| .
81 2o 1- 3. 2~ Rad | 5 Bad ~
63 284 3-1+ 4- 4 rad { ° T
94 4 3- 6 & - rad
100 2- 2 3 - 9 Rad,
T 3+ 2+ 44 44 rad
9 3+1 - L &+ 4+ rad
47 3+ 2+ 3+ 3+ rad %;{acy_
56 241- 3+1- B+l 441 Rad ad+
114 3+ 4+ 3+ 3+1- rad

~We twrn now to the test for group sterility. Wach family which gave
‘f‘le]fégterﬂe offspring was subjected to such a test, bub owing to the rust
il%ferc_tionA only one, 444, gave definite results. The pollen of four indi-
Y{duéis, selected at random as test plants, wag used on ten others.
EMagcﬂated flowers were used exclusively, to avoid any complication
due o psendo-fertility,

» The plants clearly consist of two gro ups, atl four test plants belonging
t‘C‘-i’OJ.’ilf}‘group. Which is the SuSy and which the $,8, group cannot yet
be decideq (Table IIT).
iﬂai%le};s‘:;l Qtol%}z}l‘n of Tahle HI‘ udicates fﬁhe typel of ﬂowler of each
‘ﬂbWel-‘:s thu;enx}my_groups COD,’GEL‘JJ.I plants with peloric agd with normal
beﬁ\wﬁeeil S /Sl.flf- lczimng tlhat crossing-over has cocurrad in the females
# permit G; 8mm E‘;; I‘:{.aci/rad, but the nambers of plants are too sr:naﬂ
over Pttty v de ‘1-mbe statement, I:E_lmwever we caloulate the CTOssing-
R0 Wge mn Fhe 'g811a1 WAy, W.l{‘«h three CLO-OVers to nme non-

%, we obtain a 95 % recombination (standard error 12+5 8L
9-3
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Conclusions

1. Self-fertile lines of Andirrhinum majus contain, in addition o the
epistatic fertility factor F, self-sterility allelomorphs S, which cause
self-sterility and cross-sterility in the usual way n £ homozygotes.

2. While the linkage between the factor for peloric flower (Rad/rad)
and the self-sterility allelomorphs is very close if not complete in the male,
crossing-over cerfainly occurs in the female, The actual recombination .
value could not be determinad with accuracy; 25 +12-59%, was found,

Parr [I. Prrusiis B¥BRIDA

In Petunia hybride the present cultivated types are supposedly the
offspring of two wild species, P. viclaces and P, nyciaginifiora. The former
is completely self-sterile and the latter self-fertile, at least as far as the
types at present grown in botanical gardens are concerned (Brieger,
unpublished). The first seeds are known to have been imported about &
century ago. The plants I have used came from commercial seed obtained
from several sources; their genetics have been studied in part by Dr
Brieger. They were diploids, 2n=14,

Terao (1923) crossed a self-fertile and a self-sterile plant of Petunsa.
He coneluded from his results that the self-fertile plant was probably
heterozygous for & dominant fertility factor. The self-sterile offspring of
the cross segregated into two sterility groups. Later the same author
{Terao and U, 1929} met with more complicated behaviour which
he was not able fully to resolve. Wergin (1936) found that in one case
a dominant fertility factor was present, and believed this to be allelo-
morphic to the self-sterility genes. In addition he found a factor for
pseudo-fertility comparable with the gene P described by Brieger (1926,
1930). The nature of this pseado-fertiliby depended upon the particular
self-sterility genes presens.

The inheritance of cross-sterility of self-sterile plants is, according to
Terao and U(1929), Harland & Atteck (1933) and Wergin (1936), controlled
by a sexies of oppositional factors 8;, S,. These multiple allelomorphs
are supposed to control pollen-tube growth as originally posttiated by
Tast & Mangelsdorf (1926) for Nicotians Sonderne and by Filzer (1926)
for Veronica syriace. However, Brieger (unpublished) has recently found
that this factorial scheme is much too simple. While certain Petuntd
plants gave the simple behaviour expected on the S factor scheme
others gave complicated results which cannot be explained by it.
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Material

Dr Bzieger in 1934 selected one plant of the variety “ Briliant Rose”
and two plants of “Blue Bedder” {from Sutton of Reading) and four
plants of “Himmelsrdschen” (from Haage and Schmidt, Erfurs).
s prilliant Rose” was found to be [ully self-fertile, The other varisties
appeared more oOr less pseudo-fertile or even self-fertile; but this is not
certain, as the size of the capsules varied so much that a definite con-
clusion was impossible. These plants were all selfed in the hud and
several crosses made in addition. The experiments were then carried on
vj'ointly by Dr Brieger and myself. T shall deal here with the inheritance
of self-fertility and self-sterility: Dr Briegaer elsewhere reports upoun the
relations hetween self- and cross-sterility in the same material.

Two of the original plants proved to be dominant self-fertile
(“Brilliant Rese” and “ Himmelsroschen”, 12 p 22/1954) while the others
were either self-sterile or revessive self-fertile. These two types of plant will
be discussed separately. One family, the offspring of “ Himmelsrogchen ”,
4 p 22/1934, was found to be frue-breeding for self-sterility. Another
true-breeding self-sterile plant of the same variety, p 22/34, was not
used to any extent because even fertile crosses gave only small capsules
and the distinction Dbetween full fertility and pseudo-fertility was
impossible; sometimes even the difference between self-fertility and self-
sterility was uncertain. :

A very simple technique was employed. Several flowers, at least two
but offen four, were pollinated after they had been open for at least one
day and after the anthers had clearly hurst. Pollen was used from the
same flower or other flowers of the same plant. The result of the pollina-
tion could generally be seen after aboub a week or at the mosé ten days.
It was found unnecessary to count the number of sceds. By comparing
the capsules obtained after selfing with those from successful crosses it
Wwas always possible to classify a capsule as “sterile” or “fertile”. In
scoring, two degrees of fertility were distinguished, but these have not
been keg’e separate in our discussion.

In a few instances male-sserile plauts with no good polien were found.
The genetics of this character bave not been studied and Families containing
such plants were used as little as possible.

Domanant ferivhity
; Qlle individual of “Brilliant Rose” was selfed in 1934 and gave a
amily of sixty-five plants the following year, all being fully self-fertile
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with large and well-filled capsules. A plant was selfed again and the
twelve plants grown in 1935 were all fully fertile,

Fifty plants were obtamed from “ Himmelsrdschen ”, 12 p 22/34. Of
these nearly three-quavters (thirty-nine) were self-fertile and one-quarter
(eleven plants) were self-stexile. One of the seli-fertile plants 17 141/35
was selfed and s offepring, forty-five plants, were again fully self-fertile,

The plant @ p141/35 was crossed with a partially fertile plant
1% 135/35. All forty-five plants were fully fertile.

This seems to justify our conclusion that we ave here dealing with
a simple dominant gene ¥ for fertility. Whether its recessive allelomorph
for self-sterility is identical with any of the S allelomorphs, or whether
these occupy another locus cannot he discussed here.

Recessive fertality

T shall first give the results from selfing in the hud as far as concerns
plants which gave more or less fertile offspring. Some of the 1935 plants
were not scored in full detail, since the relations of self-fertility to pseudo-
fertility and self-sterility were not sufficiently clear. This point was
studied in more detall in 1936 and it was possible to draw a sharp line
between self-fertiles on the one hand and pgendo-fertiles and seH-steriles
on the other. Special care was taken to use only fully developed flowers
for the test pollinations, and never flowers which had just opened.

“Blug Bedder”, 3 BB}34, selfed gave 120 plants, of which one was
fully self-fertile. The self-sterile plants occagionally showed a slhght
tendency to pseudo-fertility. The self-fertile plant 1 p 133/34 was again
selfed in the bud and gave twenty-five self-fertile plants and two self-
gterile. Tive per cent more plants proved to be completely male-sterile.

“Blue Bedder”, 11 BB/34, selfed gave approximately three self-
fartiles to one self-sterile in addition. to a very large number of male-
steriles. A self-fertile plant selfed gave very weak offspring counsisting of
twenty self-fertiles and two self-steriles.

“ Himanelsroschen™, 10 p 2234, selfed gave two self-fertiles and eight
self-steriles, in addition to a number of weaklings and male-steri]s plants.
This family was used only in the initial crosses, and was discarded owing
to wealmess and male-sterility.

“ Himmelsroschen ™, % p 92/34, selfed gave approximately one self-fertile
plant to three self-steriles, but i was difficult fo distinguish hetween the
different grades of fertility. A. self-fertile plaut selfed hacl thirteen seli-
fertiles and nine self-steriles. The pollen was good iu all plants. -

“ Himmelsvoschen”, 4 p 22/34, has been mentioved. Tt was tested
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threugh three generations and no seif-fertile plants were found. The
_c'aISsules after crossing are quite large.

‘The most shriking results from these selfings ave:

A(I) Qelf fertiles segregate apparently as recesgives in small numbers,
sometimes about a quarter but m the case of 3 BB/34 less than 19.

4 ¢ 32/34 11 BB/34 2p23/34

(100 9% sterile) (258 sterile} {75 9%, sterile)
NS N S
2N, 3 )

p 137735, 37 sterile p 136/35, 31 fertile
36 aterile
Selfed

P 335/36, 21 sterils fertile selfed, » 331736

6 fertile all fertils
fertile x sterile, p 332/36
O fertile, 18 sterile
sterile selfed, » 334/36
13 fertile, 2 sterile
1p 130/35 X 1w 33/35
. fertile from fertile from
2 p 22/34 (75 %, sterile) 3 BB[34 (99 Y, sterile)

N

p 326/36
(34 fertile, 13 sterile)

3 BB34 % 10 p 22)34
(99 ° stertle} {75 %, sterile)
p 14035 12 fartile

25 sterile
from the sterile pIa,ni',s:
p337/36 7 fertile
21 sterile
P 338/36 1 sterile
2 338/36 9 fertile
i sterile

Iig. L.

The iﬁﬁﬁily from 11 BB/34 was the only exception, giving more self-
{ertiles than self-steriles.

- (2) The ex{sract.ed 1‘ec.essive hypostatic self-fertile plants when selfed

oW seli-steriles in addition o self-fertile individuals.
Dnes;{;];behaviour incicates: that self-fertility cannot be controlled by
the balmswefelle Dnly,. but must depend on several factors, and that
tho hep. Vcie of these sterility modifiers, as we may call them, determines
our of the plants after selfing.



136 Self-Sterility in Antirrhinum and Petunia

In all cases mentioned above the self-sterile offspring consisted of at
least bwo self-sterile gromps which were intra-sterile and inter-fertile,

I now proceed to the results obtained from crossing plants of the
five families mentioned. The types of cross and their results are swm-
marized in Fig. 1. Inthe case of each of the original plants the percentage
of self-fertile plants obtained after selfing has been added in parentheses.

The plant 11 BB/34, which gave 269, self-sterile offspring, when
crossed with the true-breeding self-steriles gave only self-steriles in #,
and segregated into self-steriles and self-fertiles in F,. Wheu crossed
with & plant which segregated, after selfing, only 25 %, self-fartiles it gave
a monohybrid back-cross ratio. The results of the I, can best be explained
by assuming that all the self-fertiles were homosygous while the self-
steriles were heterozygotes. Self-fertiles selfed thus gave ouly self-
fertiles. Self-steriles selfed gave three self-steriles to one self-fertile, while
the cross between the two gave a 1: 1 back-cross ratio.

The following factorial scheme would explain the resuits quite well:

& p 2234 11 BBf34 2 22/34
AA aa {+modif) Aa
% %
|
I Aa Aataa
| F o
F, 3A~+1za selfed: 3A~+ lsfa all fertile

xaa: lAa+laa

The plant 5 BB/34, which was almost completely true-breeding for
self-sterility, when crossed with a plant which segregated about 25%
self-fertiles after selfing, gave a ratio which may represent either a 1:1
or a 3: 1. The self-steriles when selfed or infercrossed segregated inbo
about three self-steriles to one self-fertile. The following formula would
explain these results:

3 BBj34 o 10 p 3234
Aa {+modif) Aa

R 18A:28a: laa
' - fertile
sterile
£y Fom self-sterile Aa selfed 3A-  :laa v

We have seen that all data from crosses can be explained by assuming
the existence of one recessive fertility factor a. But it must be remem-
bered that the numbers are small, and no atbempt has Heen wmade to
prove the correctness of the hypothesis by statistical means. While it
is possible that the data are in fair agreement even from the statistical
point of view, it is equally clear that they are not decisive.
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We have seen, however, that the results from selfing do not justify
such a simple hypothesis. There is one more cross to be discussed which
cannot be explained in & simple manner. The self-fertile extracted from
B‘BBB& was crossed to a self-fertile extracted from 3 p 22/34. Both
these plants had been extracted as “recessives” bub wpon selfing gave
again a small percentage of the presumed dominant seif-sterile type.
The two plants when crossed gave thirty-four self-fertile and thirteen
self:sterile plants. Their behaviour both on selfing and crossing may be
due to segregation for another recessive gene, which in its turn shifts the
“recessive” self-fertility to a ““double-recessive” self-sterility.

We may propose as & preliminary working hypothesis the following
factorial scheme. There is probably one main recessive fartility factor,
provisionally called a. Its action is, however, dependent on other
modifiers present. In the crosses these modifiers are randomized and
balanced against each other so that the factor pair A/a has a deciding
influence. The lines obtained from selfing, however, contain a selected
assortment of medifiers which are physiologically unbalanced. Thus the
Pair Afa has not its full weight and modifier assortments may ocour which
are stronger in their physiological determination than A or a.

- Conclusions

The experiment on the inheritance of self-fertility and self-sterility
carried oub in 1934-6 has given the following results.

Theze are three conditions in Petunia Bygbride

(1) Dominant self-fertslity, probably based upon one factor pair F/A.

(%) Recessive fertility, due o ab least one other factor pair {called
PE’_‘?WSiOnaﬂy Afa), The effect of Alfa is dependent upon the assortment
ot modifiers present.

3y Self-sterility. Self-sterile plants must be #, bust may be AA, Aa
Oreven aa, according to the particular combination of modifiers present.
N 'It ca,nmit-be-decided Whether F and a are allelomorphs of the S series
0L Self;sterzh’ay present in at least part of the self-sterile families.
o tiﬂ fselfjslterﬂe plalmts segregatin.g. oub in addition to self-fertile plants

® tamilies described above tall into two or more sterility classes.

HumMMaRY
An 5 ; : ‘ . ‘ e
A 72.&11&1}7315 of the genetics of selffertility and self-sterility in
ALY fi . - ; .. . . 0 -
the 1 %;m'm and Petunio has given results similar to those obkained in
RAlVEIs . Of coptain Wie s : : )
alyms-of certain Nicotiana species. In all three species theve is
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one dominant self-fertility factor; in MNicobigne this 15 known to be
allelomorphic with the sterility factors of the S series. In dntirrhimem
it is definitely not allelomorphic, while i Petwnsu the question cannot be
settled on the present evidence.

In addition there are one or more modifiers which may change self-
sterility into self-fertility, and this recessive type of self-fertility may be
shifted again to a deubly recessive self-sterility. Brieger found a modifier
of this kind in Nicotiono Sanderae, Gruber in Anfrrrhinwm, and dats
referring to Pefunia ave given above. The action of this modifier depends
upon the general physiological action of additional modifiers, which are
responsible for the appearance of the so-called double-recessive self-
sterility.

REFERENCES

Brrzarr, F. G (1926). “Mendelian factors producing selective fertilisation.”” dmer.
Not, 60, 181-01.

—— (1930). “Untersuchungen an der Bastarden der Arten Nicotiana Sunderae,
N. Longsdorfii und N. longiflora.’” 2. indukt. dbstamm.- w. VererbLehre, 5&,
235-9.

~— (1035). “The cross between Nicotiane Langsdorffii and N. Sanderae.” J. Genel.
30, 79-100.

Easr, B, M. & Mawessporry, 4. J, (19268). “Studies on self-sterility. VII. Heredity
and selective poillen tube growth.” Genetics, 11, 466-81.

Frzer, P. (1926). “Die Sterilitit von Veronica syricce.” Z. induki. Abstumm.- .
VererbLehre, 41, 137-97.

tpveER, F. ¢1930). “Uber Selbststerilitat und Selbstfertilitat bei Antirrhinum.”
Diss. Landw. Hochsch. Berlin.

Grupng, F. & Kfan, 0.(1932). “Untersuchungen iber Selbstaterilitit bei Antirrhinum
and iiher Koppelung der Sterilititsallels vait dew Faltor far radiire Blitenform.
Z. indukt. Abstamon.- w. VererbLehre, 62, 463-503.

Harrawn, 8. O & Arreecg, O. M. (1933). “Breeding experiments with biojogical
races of Trichogramma minuiem in the West Indies.” Z. induki. Absiamm.- &
VererbLehye, 6%, 54-70.

Terao, H. (1923). “On the inheritance of self-stertlity.” Jap. J. Genet. 2, 144-5b.

Terao, H. & U, N. (1929). “A vegetative mutation and mateinal inheritance It
Peunia.” Jap. J. Genel, 4, 36-9.

Worals, W. {1936). *“Cytogenetische Untersuchungen an Pefundn hybrids hort.”
Z. wndukt. dbstarm.- w. VererbLelre, 71, 120-53.



