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Summary

GENIC ANALYSIS ON CYTOPLASMIC MALE STERILITY IN MAIZE ;
NATURE OF CAUSAL GENES AND THEIR SIDE EFFECT ON
EXPRESSION OF SOME AGRONOMIC
CHARACTERS

Susumu TaTE

In the present studies the author has attempted to elucidate the genetical nature of
fertility restoring genes in Texas-type cytoplasmic male sterile maize under the culti-
vation in Hokkaido, which is the northern limit for growing maize in Japan. At the
same time the author has attempted to determine the influence of the male sterile cyto-
plasm and fertility restoring genes on yield and other agronomic characters.

(1). Genetical nature of fertility restoring genes.

1. There exists anintimate relationship between the outward appearance of the
anthers of T-cytoplasmic male sterile plant and the rate of pollen sterility. Generally
speaking, in the small size anther the rate of pollen sterility was 100 %, in middle size
and deformed anthers the rate was 80-20%, while in normal anthers the rate was
almost 0 %. A low powered magnifying glass was sufficient for the observation of out-
ward appearance of the anthers and such observations revealed the brief demarcation of
each grade in pollen sterility.

2. No definite trend was seen in the distribution of sterile anthers within partially
restored tassels. While in spikelets, a tendency for more sterile anthers to be located
in the secondary floret than the primary floret was seen.

3. The degree or type of male sterility were divided into 5 classes by the rate
of sterile anthers in tassels, morphological aspects of the anther, degrees of emergence
of anthers in tassels, morphological aspects of the anther, degrees of emergence of
anthers in spikelet, degrees of anthesis of anhers that emerged, etc. They were
completely sterile (S-type), incompletely (S’-type), partially restored (P-type), incom-
pletely restored (F’ type) and completely restored (F-type). ‘

4. In the anther and pollen grain development of completely restored type, which
derived from single cross of WF9T x Ia153F, no differences were seen in the cyto-
histological observation and in the size of anthers, when it was compared with anthers
and pollens of normal and T-cytoplasm plant,

5. In the course of pollen degeneration of completely sterile type (single cross of
WF9T x B8 ), it was noted that from the first contraction stage of pollen the tapetal cell
showed an abnormal hypertrophy, either forming periplasmodium or being accompanied
by the protoplasm spilling into the anther sac, showing a definite degeneration while
within the anther sac atrophied microspore or the carcass of plasmodium remain. It
was noted that the size of the anther showed a definite decrease in size.

6. The degree of fertility restoration of the anther in partially restored type,
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single cross of WF 9T x M14F, showed a highly complexity aspect. Even in four anther
sacs in the same anther, in some anther sacs good stained pollen grains are contained
separately in same sac and some are contained non-stained pollen grain only. Conse-
quently, in most cases, as for the morphological aspects of anthers shows the mixture of
mediun size or abnormal types, flat small type and normal type anthers. The tapetum
in which degeneration is seen in the whole and/or a part of the interior of the anther
sac, did not form plasmodium and the stainability showed a decrease while the tapetum
continued to maintain its enlarged shape. Vacuoles formed sporadically in the enlarged
tapetum and after adhering to the anther sac innerwalls degenerated and disappeared.
The main differences between the complete sterile anther lies herein.

7. From the result of various pollination tests with restored pollen of T-cytoplasm
and normal cytoplasmic pollen, interactions among seed parents, pollen parents, years
‘and crossing times were recognized; but no significant difference of fertilization ability
was seen between two types of pollens.

8. Similarly, no difference in fertilization rate was seen between restored and
partially restored pollen of the T-cytoplasm plant.

9. Likewise, no difference was seen in the frequency of appearance of sterile plant
in the various resiprocal crossings of T-cytoplasmic sterile strains and T-cytoplasmic
fertile single crosses which had fertility restoring genes in heterozygous condition.

From the results of 7, 8, 9 no difference was seen between the potential strength
of fertilization of pollen grains from normal cytoplasmic plants, T-cytoplasmic restored
and/or partially restored plant.

Based on the results mentioned in the items from 1-9, detailed analysis of the inheri-
tance on fertility restore genes was investigated by using T—cytoplasmic male sterile
lines including the 3 lines of WF 9T, B8T and wwT, and naturally restored lines consist-
ing of the 3 lines of Ia 153F, WI153F and T 6F together with M 14P as the partially re-
stored line.

10. Ina cross of WF 9T xIa 153F, F, and backcrossed progenies with recurrent parent
Ia153F (BC,) were completely fertile in all individuals. But when WF9 is back-
crossed with F, (BC.), the segregants of F type (this type includes completely fertile
individuals and an extremely limited number of partial fertility restored individuals) and
S-Type (completely sterile type) was given in a ratio of 1:3. In this cross combination
F. was segregated at a ratio of 9 : 7.

On the other hand, in combination of B8TxIa153F and wwTxIa153F, F,, BC,
were completely fertile in all cases and BC: showed a segragation mode of F:S=1:1.
Here F . showed a segregation ratio of 3 : 1.

11. In the case of W 153 F, its genetical behavior was identical to Ia 153F.

12. While in the case of T 6F, the frequency of appearance of partially restored
plants showed a somewhat higher tendency as compared with Ia 153F and W153F, how-
ever, when these partial restored types are considered to be F-type, the T ¢F shows an
identical behavior to Ia 153F,
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13. WFgT, B8T and wwT were crossed with hybrids of Ia 153F x W 153F and [al53F
x T 6F. The segregation mode in these “three way crosses™ are as follows. In the case
where Ia 153F x W 153F was applied as the pollinator, the progenies were F-type without
exception, while in the case of Ia 153F x T 6F a segregation of F: S =3 : 1 was observ-
ed. From this it was concluded that the restorers (Rf genes) in Ia153F and W153F
were of the same allele and that restorers in T 6F were of different allele from the
restorers of the above two lines.

14. Fourteen combinations of three way crosses with T-single-cross including ei-
ther inbred of Ia 153F, W 153F or T 6F and their sterile line not including single crosses
thereof showed a segregation rate of F : S=1 : 1.

15. While the present work was conducted over several years, no unexpected event
was seen in the segregation rate among years and progenies, and their heterogeneity chi
spuares test did not show a significant deviation from the expected ratio. .

16. Thus, regarding to the character expression of the complete fertility restora-
tion, the above segregation modes of 10-15 indicate presence of at least 3 pairs of domi-
nant genes. Out of which | pair showed a complementary relationship with either one
of the other 2 pairs and it was surmized that the relationship between the Ia 153F and
W 153F were of the same genotype having 2 dominant complementary genes in homozygous
condition, while T 6F has 2 pairs of genes homozygous conditioning of 1 pair of dominant
gene in common with the above lines and a third dominant gene which has a comple-
mentary relation with the former. Based on these, the inheritance in cross combina-
tions involving the above 3 lines may be explained satisfactorily.

17. Whereas, in the partially restored line M 14" in combination with T-type
sterile line, a variation is seen in the frequency of sterile anther by year and by genotype
of sterile lines used as T-type parents. But in F, population all plants were partially
fertile. In F., BC, and BC, generation in addition to complete fertile plants (F-type)
and complete sterile plant (S-type), partially fertile plants (P-type) are segregated at a
considerable frequency.

1S. In combination of WT 9T xM 147, F, showed partially fertility in all plants,
and when F, is back crossed with WT 9T segregation of F:P:8 =1:1:6 is seen
in BC,. The back cross of BC., viz. F,xM 14P, gives a rate of (:1:1, while in F;
generation the segregation ratio is 9 : 18 : 37. In the case of B8T x MI4F and wwT x
Mi14" combinations, and when they are crossed with B8 and wwT respectively the
segregavion ratios of F: P:S in BC, is 1:1:2. But when MI14" is used as recurrent
parent the rate in BC; is 0:1:1. In F. generation wwT xMI14P and B8TxMIl4P the
segregation ratio is 3 : 6 : 7.

19. In crosses where B8TxM 147 and wwT x M 14" are crosses with Ia153F x
W153F, their hybrids segregated as F:P =1 :1, giving no segregant of S-type. However,
it must be mentioned here, that, owing to the difficulty to discern F-type from F/-type
in field observations, a tendency showing more F-types than P-type was seen.

The next gereration coming from a crosses with Ia 153F x T 6F as its pollen parent,
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showed a segregation rate of 7 : 7: 2 in F : P : S while S type showed a definite 1/8
appearance of the entire number. :

20. The mechanism of fertility restoration of M 14" may be explained by assuming
2 pairs of dominant supplementary genes in the case of Ia153F and 1 pair of recessive
inhibitores by referring to the above 17-19 segregation mode the segregation mode of other
test crossings including M 14" and Ia 153F.

Based on the pattern of inheritance observed in a total of 72 combinations listed
above in 10-26 (recorded en massé, in Table 27), the genic constitutions of the 7 lines of
this experiment were postulated as follows :

WF9 rf, rf, rf, rf. rf; rf; Iec Le

Bs Rf, Rf, rf, rf, rf; rf; Irc Ire

ww Rf, Rf, rf, rf, rf, rf, Irc Iee

Ia 153F Rf, Rf, Rf; Rf; rf, rf; Ic I

W 153F R, Rf, Rf, Rf, rf, rf; L I

T 6F Rf, Rf, rf. rf, Rf; Rf; Irc Inc

M 14F Rf, Rf, Rf, Rf, rf; rfy irr ire
Rf,, Rf,, Rf; are dominant fertility restore genes.

Rf,-Rf., Rf,-Rf, are the complementary relations.

Rf.-Rf, are the duplicate genes which react in multiplicative.
ire is the simple recessive gene which inhibits the fertility restoration.

ire ire -almost perfectly inhibits the fertility restoration,

Irr i -has an imperfectly inhibiting effect.

Ire Irc -has no inhibiting effect.

(?). Side effect of the sterile plasma and the restorers.

21. A comparative studies on the influence of T-cytoplasm on some agronomic
characters (when not accompanied by heterosis; was made on by applying each 7 lines
from the normal inbreds and T-~cytoplasmic male steriles (B,F,-B,F,). Here, 23 characters
were examined for 3 years in experimental field. As regard the character of plant growth
the characters which showed significance in N-type> T-type are as follows : plant height
(96 %), stem height (95%), uppermost leaf height (96%), uppermost internode height (95%)
and ear height (92 %). There was no difference in tassel length and leaf number. Though
not so pronounced, N-type>T-type relation was seen in degree of tassel emergerce
(74 %), leaf density (97 %) and mean internode length (96 %).

992. As regard yvield, the mean ear weight per plant was 89 % while the grain
yield per acre was 88 % showing a significance in the N-type>> T-type relation. The
main components constituting the yield (ear length, ear diameter, cob-length, number
of rows, number of grain per row, number of grain per ear, 1,000 grain weight, grain
weight per liter) showed mean values of 92-88%. Thus, a N-type>> T-type relationship
was present, however, no significant difference was seen in most cases. As a whole,
the significant difference was seen in yield may be realized as a result of additive effect
of the low rate decrease of the respective components.
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23. As regards date of silking, date of tassel emergence, date of maturity no differ-
ence was seen between the T type and N type.

24. As to certain components which constitute yield, significant interactions were seen
in cytoplasm x line, cytoplasm x year and cytoplasm x line x year. But no significant differ-
ence was noticed in characters which show a definite weakness with the exception of
1-2 cases. In other words, the tendency for weakening of T-type cytoplasm is con-
sidered to be so-called “stable”.

25. In the process of successive backcrossing, where T-cytoplasm is used as fe-
male, the date of silking tends to coincide with the N-type recurrent pollinator around
B.F, generation. = With regard to the plant height, stem height and ear height are
almost weakened around the generation of B.F,-B,F,. In these generation heterosis effects
of some other characters still remained in N-type cytoplasm, and even after the B,F,
generation no restoration is seen.

26. A comparative studies was made on 10 characters in the B,F,and B,F, of T-cy-
toplasm together with the inbred line of normal cytoplasm which is the recurrent parent,
In the case of lines in which the fertility is not restored, it was noted that a T-B,F,>
N-inbred line> T-B; F, tendercy was present and in line which showed a restoration of
fertility a T-B,F, > T-B,F,> N-inbred line tendency was seen. And the degree of
weakening brought about by T-cytoplasm was different in non-restorer lines and restorer
lines.

27. A 3 year comparative study was made, on the influence of T-type cytoplasm
on hybrids (when accompanied by heterosis) in 26 combinations including inbred variety
cross, single cross and double cross as against T-type non-restorer combinations (S-T,r
type) and normal cytoplasm combinations (F-N.+ type). The character under the influence
of T-cytoplasm and the character which was not influenced by the same, generally
coincided with the case of inbred lines. And cases accompanied by heterosis the T-cy-
toplasm give a weakening influence on various characters including the yield.

28. The decrease of yield in T-type hybrids is brought about not only by the addi-
tive effect of the minute decrease of the majority of components which constitute the
yield, but are also brought about by the significant difference of particular individual
characters. Further, significant cases of interaction in cytoplasmxyear, cytoplasm x
combination are seen more frequently as compared with inbred lines.

29. A comparative study on some agronomic character expression was made by
employing fertility restored individuals (F-T,c type) and sterile individuals (S-T.r type)
segregated in the second generation of back crossing and/or the F, population in T-type
single crosses. The characters not influenced by the T-cytoplasm as mentioned above - ie,
date of tasselling, date of silking, tassel length, number of leaves etc.,, show such a
relationship as, F-Tir type=S-T:c type, whereas characters influenced by T-cytoplasm-ie,
plant height, dezres of tassel emergence, mean ear weight etc., show a relationship
of F-Tre type > S-Tr: type. In other words, in the above mentioned characters,
the individuals which do not restored fertility in T-cytoplasm indicate that, as compared
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with fertility restored individuals, a weakness is existent. These results indicate the
presence of side effect caused by Rf-genes.

30. Comparative studies were made between 3 types of individuals which are same
genotype except Rf genes. They are restored sterile plant (F-Tyr type, non restored sterile
plant (S-T:r type) segregating from T-cytoplasmic single cross x variety (or double cross
of which pollen parent possessed Rf-genes heterozygous condition) and normal cytoplas-
mic counterpart (mixed population of F-Ng, type and F-N,(). The relationship of (mixed
population of F-Ng¢ type and F-Nrc type )=F-Tuc type >S-T:¢ type was seen.

31. In order to determine the relationship between F-Ngir type and F-Tg¢ type
3 inbred lines WF9, B8, ww of T and N cytoplasm were crossed with the fertility
restorer lines, Ia153F, T 6F and M 14", Eighteen single crosses were made and each
8 characters were compared. When the mean values (taking the whole en massé) were
compared, in plant height, stem height and ear height, the relationship F-Ngc>F-Tg,
showed a significance, while in uppermost internode height, degree of tassel emergence
and ear weight the following relationship was seen : F-Ng¢=F-Tk.

32. It was clearly demonstrated that the relationship F-Ngs type>F-Tyr type in
the above mentioned 3 characters was due to the significant difference in single crosses
with M 14" as pollen parent. In other words, in the combinations with Ia153F, T¢6 as
parent, no difference was seen between the cytoplasm while in the combination with
M]4® as pollen parent the difference was remarkable.

33. From the results in 21-32, generally, the following relationship may be recognizable,
F-Ngr type=F-N,r type=F-Tys type>S-T, type. However, in the case of M14P in
part of the characters the following relationship was alsoseen : F-Ng, type=F-N,r type
>SF-Tgr type> S-T.¢ type.

From the above mentioned results presented in 21-23, following conclusions were
made ;

1). T-cytoplasm not only renders tassel sterile but also has an influence of short-
ening plant height and ear height. However no influence was seen in the tassel length
or leaf number per plant, and further some noticeable influence was given in the
degree of tassel emergence, leaf density and mean node length.

2). T-cytoplasm also showed a yield diminishing influence. This may be attri-
buted to the additive effect of the respective low rate decrease of various components
which constitute the important character, yield.

3). T-cytoplasm shows no influence on such physiological characters, as silking date,
tasseling date and date of maturity.

4). Rf-genes restore the sterility of T-cytoplasm and at the same time they have
a restoring effect on the various agronomic characters depressed or weakened by T-cyto-
plasm to a degree comparable to that of normal cytoplasm. This may be considered
as a kind of pleiotropic effect due to Rf-genes.

5). As to the restoring power by Rf-genes upon the weakening, difference was seen

to some extent among fertility restorer lines used.
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6). Therefore while it may be effective to use T-cytoplasm to the hybrid seed
production in Hokkaido (Japan), it is necessary to either utilize poilen parent lines which
naturally have “weakening” restorer potentiality or to intreduce Rf-genes to the pollen
parent line, in special consideration mentioned above.
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