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Studies on the crossing experiments between diploid and
auto-tetraploid rice plants, Oryza sativa L., with special
reference to the development of hybrid seeds

Tsutsumi Nagamatsu, Takeshi Omura and Yoshiaki Koga.
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Table 1. Resuits of crossing during three years 1959, “60 and ’61.
Cross fﬁg;re?-fs Perfect seeds - Imperfect seeds* I Triploids
combination pollinated No. % No. ‘ % obtained
2X X4X 6500 53 ' os2 469 21.84 )
4X x2X 2422 24 059 478 36.18 i 2

*Sum of two years during 1960 and ’61 is shown, because the number of imperfect grains

was not counted in 1959.
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Table 2. Comparison of seed set between reciprocal crosses,
No. of Perfect seeds | Imperfect seeds
Cross combination Year | flowers =
pollinated  No. % No. ! %
|

Hayashlnrikl 2X % (Henpeito x Koto) 4X| 1960 ! 365 4 L1 13 3.6
Shinriki 2X » Shima-ine 4X ” 150 0 0.0 39 25.7
e 0. sativa spontanea 2X ¥ 4X ” 102 | 6] 0.0 46 45.1
;*'< »/ 1961 287 3 1.1 125 43.2
| Isshaku-ine 2X ¥ 4X ” 205 1 0.5 20 9.8
ﬁ | Omachi-senshutsu 2X x 4X ” 99 3 3.0 23 23.2
| Shima-ine 2X x 4X » 198 1 0.5 91 46,1
| Total 1406 12 0.9 357 25.4
(Henpeito x Koto) 4X * Haya-shmrlki 2X| 1960 ‘ 158 4 25 33 209
Shima-ine 4X > Shinriki 2X w 111 0 0.0 77 9.4
w | 0. sativa spontanea +X * 2X s | 121 5 43 14 | 116
! ‘ ” 1961 139 3 2.2 18 | 130
“ | TIsshaku-ine 4X ¥ 2X P 140 0 00 57 40.7
? ' Omachi-senshutsu 4X % 2X P 127 0 0.0 67 52.8
Shima-ine 4X ¥ 2X P ‘ 290 0 00 159 54.1
Total 1086 12 1.1 425 39.1
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Table 3. Weight of imperfect hybrid seeds and normal selfed
seeds. (1960)

Materials | Mean weight (mg) i No. of seeds weighed
2X X 4X imperfect hybrid seed 1.06 i 175
4X ¥ 2X P 205 ,‘ 177
2X (Shima- me) 20.59 20
14X ( ” 31.95 20
Table 4. Result of germination test of Bl T, AR 2T & Tom i
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Cross_ Seeds \ Germination HATES G LA ht, FOBENIE L .
combination sown No. : % AR T AR T D 5 A ki S 1B O (hBLA AT 1
- = =t i = e 1 fEn -7, 5T 4 fede o MR T
23X W 4X 175 I 4 23 WAoo b, BoUic 4o HiliFHT
ALEARTE MR FAC MU, L Ao A TR S 7 DT, JJJ
4X X 2X 177 ‘
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Table 5. Seed set on the flowers without pollination after
emasculation {1960 and ‘61).
No. of Perfect seeds Imperfect seeds
Materials flowers
emasculated No. | % No. %
2X varieties 325 3 02 [+ 00
4X varieties 471 16 34 5 11
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‘Table &, Growth of embryos,
Days after Cross . No, of embryos
pollination combination Length (mm) Thickness (mm) observed
2X x 2X 0,07 40019 l 0.04-+0011 10
3 2X x 4X 007 +£0.025 0040016 4
4X x 2X 0,14 0044 0060015 22
) 4X » 4X 00710013 0.05£0.007 2
2X »x 2X . 0.50+0.158 0.22+0.065 9
5 oX X 4X 0.10:+£0038 0060017 2
4X = 2X 0550277 0.25+0.101 25
4X x 4X 0.31:+£0.283 0.16+0.131 3
2X w 2X 1180078 0.52+0.055 &
v 2X x 4X 0.24+0.143 0120073 11
4X X 2X 1.98:1;0.572 0.6814-0.302 18
4X x 4X - - —
2X x 2X 1.39+0086 Q.51 0,044 9
9 2X ¥ 4X 0.404+0.151 0.23+0.062 13
4X x 2X 1.89+0.666 1.07 £0.365 1%
4X x 4X 1.52+0.180 0.704+0.013 2
- Matured 2X x 4X 0410020 0.29+0.010 8
embryo 4X x 2X 3.42+0.286 212+0.269 10
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Table 7. Development of embrvos,
Cross = Stage No. of embryos
combination | 8% | 1 i} 11 v v VI observed
3 1000 10
5 222 333 445 9
2X x z2X 7 1000 5
9 250 75.0 a8
3 1000 &
5 1000 2
2X X 4X 7 72.7 7.3 tt
o 588 41.2 17
M. E.t 87.5 12,5 8
3 1000 22
5 124 160 56.0 160 25
4X ¥ 2X 7 111 389 500 18
k 47.8 £3.5 8.7 23
M. E. % 200 700 100 10
3 100.0 2
£X X 4X ? 3.3 33.3 333 _3
9 100.0 2

Nate: Table is shown in %. ¥ Days after pollination.
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Fig. 2. Matured embryo of 2X xX4X
hybrid seed (ca <160).
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Fig. 3. Matured embryo of 4X x2X hybrid
seed (ca X 16). c: Coleoptyle, g: Grow-
ing point, I;: Ist foliage leaf, /z: 2nd
foliage leaf, r: Radicle, v: Vascular
tissue of hypocotyle.
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Table 8. Development of embryos belonging to the Stage III
. Observed embryos
com%grc;gii on Age* Radicle Hypocotyle Coleoptyle G;E!.“i:i: g i —%
0.
2X X 2X 5 4 + + + 83—~ 1000
+ + + + 3 - -215
+ - + + 1
5 T T hl b :
T I n - ! 785
- - + + 1
— + —_ - 5
4X 22X + + + + 4 — 57.1
X 7 + - + - 1 }
- _ + + 1 429
+ — — - 1
+ T + + 7-— . _ 63.6
9 I T : * !
. + — — 1
4X x 4X 5 -+ + +- + 1 1000
Note: + ; Differentiation, — ; Non differentiation. *; Days after potlination,
Table 9. Accumulations of polysaccharides in embryo.
Embryo
Vascular
Cross before A : Leaf
Age* N : _ Placenta tissue of  Radicle Scutellum
combination d‘tgg:g hypocotyle organ
2X x 2X — +
3 2X X 4X — +
4 X x 2X - +
4X X 14X - +
2X x zX + - + - —
5 2X X 4X — +
14X » 2zX + — + — +
4 X X 4X + — + — —
2X % 2X + — 4 — 1.
7 2X x 44X — —
4X X zX + — +#+ — +
4 X X 4X
2X w 22X + - +H + —+
9 2X X 4X — —
+X X 2X + - + + +
4X x 4X + - L + +

Naote; Accumulations of polysaccharides are observed in the most developed embryos,
+ or 4F; Granular type, — ; Non granular type, *; Days after pollination.
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Summary

‘The senior author has long been engaged to establish the chromosome map of rice plant by
the usual Fg analysis method. The results were rather fruitless notwithstanding the enormous
Fs combinations were analvzed. Recently the present authors tried to introduce another methods
to promate this study, namely teisomic and translocation analysis using the Iines which were
obtained in the progenies of atomic bombed rice plants in Nagasaki. However, these marterials
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were not desirable for trisomic analysis, the authors decided furthermore to propuce 12 kinds of
primary trisomic lines from rriploid plants artificially. This attempt was supported by the fact
that 12 kinds of primary trisomic lines are theoretically well known as the haploid chromosome
number of the rice plant is 12.

In the first step, in order to obtain tripleid rice plants, the authors attempted to crossbeiween
diploid and auto-tetraploid, During three vears from 1959 to 1961, 9822 fAowers were crossed
reciprocally after usual hot water emasculation method. From these crossings, 77 normal fully
developed grains and 947 wrinkled imperfect grains were obtained, although seed setting was
better when the tetrapleid plant was used as matermal plant than reciprocal crosses. Normal
grains germinated well and grew to maturity, but only two of them, that is 0.022 45 of pollinated
flowers, were true triploids and the others were maternal ones, Germination of imperfect grains
were bad, representing 16 % of 177 seeds sown, and no viable seedlings were obtained. Weight
and germination rate of imperfect grains were also better in 4X>8X crosses than reciprocals,

To make clear what is the cause of difficulty for getting triploid rice plants by ecrossing
between diploid and tetraploid plants, embryological studies were carried on and the results were
as follows.

In the selfed seeds, both diploid and tetraploid, normal growth and development were observ-
ed and the 1st, 2nd and 3rd foliage leaves were differentiated on 5, 7 and 9 days after pollination
respectively, Accumulation of polysaccharides in young primordia of embryonal organs pro-
ceeded quite normally and development of endosperm was also normal,

In the hyhrid seeds of 2XX4X, growth and diferentiation were very poor and abnormal, that
is, in the most advanced cases pro-embryoe or sign of differentiation were only observed and no
progress of differentiation were found. On the other sides endosperm developed pretty normally
during 8 days after pellination, but soon afterwards it began to degenerate and entirely collapsed
at the end.

In the hybrid seeds of 4Xx2X, development of embryo was better than that of 2X<4X, and
the gifferentiation of 1st and Znd foliage leaves were observed in the materials of 5 days and 7
or 9 days after pollination respectively. As compared with the seifed samples, differentiational
feature was nearly equal to selfed 4X embryos and a little inferior to selfed 2X embryos
and very malformed types were observed. In spite of such abnormal differentiation mentioned
above, the growth was very vigorous and final size of the matured embryo was rather larger
than the selfed ones. Development of hybrid embryo was thought to finish at 9 days after pollina-
tion, The development of endosperm was normal in earlier stage and exceeded the selfed one till
3 days after pollination but soon afterwards it rushed in degeneration process and most of the
matured endosperm was collapsed.

From the above experiment, the authors concluded that the difficulty of obtaining the triploid
rice plants by crossing between diploid and auto-tetraploid plants was not due to the failure of
fertilization but to the poor development of embryc and endosperm and unbalanced development
of these organs.

In addition, the authors discussed ithe introduction of the embryo-culture method and the
improvement of crossing technique to facilitate the efficiency for getting triploid rice plants from
the literature.
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Explanation of Plate 1

Figs, 1-6. Development of selfed 2X embryos,
Embrye on 3 days after pollination ; Egg-shaped pro-embrye (Stage I), ca 320,
Embrys an 5 days after pollination ; Initiation of plumule and radicle are seen
(Stage 11D, ca <370,

Embryo on b days after pollination ; Primordia of growing point, coleoptyle, radicle
and vascular tissue of hypocotyle are seen (Stage I1I}, cax100.

Embryo on 5 days after pollination ; Primordium of 1st foliage leaf is seen (Stage
IV), cax100,

Embryo on 7 days after pollination ; Primordium of 2nd foliage leaf is seen {Stage
V), cax80.

Embryo on 9 days after pollination; Embrycnal organs are almost completed,
primordium of 3 rd foliage leaf is seen (Stage VI), cax200.

Figs, 7-9. Development of 2Xx4X hybrid embryos.
Embryo on 3 days after pollination ; Egg-shaped pro-embryo (Stage I), ca}320.
Embryo on 5 days after pollination ; Egg-shaped pro-embryo (Stage I), ca 320,

Embryo on 7 days after pollination ; Initiation of plumule is seen {Stage II), caX
199,
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14.

15.

16.
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Explanation of Plate 2

Figs. 10-11. Development of 2X4X hybrid embryos,
and 11. Embryo on 7 and 9 days after pollination respectively; In the central
region where primordia must be initiated, the cells are arranged compactly and in
the outer region the cells are collapsed (Stage 11}, Fig. 10cax160, Fig. 11-ca)
100,

Figs, 12-17. Development of 4X xX2X hybrid embryos.
Embryo on 3 days after pollination ; Egg-shaped pro-embryo (Stage ), cax320.
Embryo on 5 days after pollination ; Primordia of growing peint, coleoptyle and
radicle are seen {Stage I}, caX100,
Embryo on 5 days after pollination ; Primordia of 1st foliage leaf is seen (Stage
1V}, cax100,
Embryo on 5 days after pollination ; Embryc has only a primordinm of radicle
(Stage III), ca X100,
Embryo on 5 days after pollination ; Embryo has only a primordium of plumule
(Stage 1IT), cax100,
Embryonal organs of 8 day’s embryo; Primordium of 2nd foliage leaf is seen
(Stage V), ca 240,
Embryos on 7 and 9 days after pollination are shown in Plate 4, Fig. 11 and 14
respectively,
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Fig. 1,
Fig. 2.
Fig, 3.
Fig, 4.
Eig. 5.
Fig. 6.
Fig. 7.
Fig. 8.
Fig. 9.

Explanation of Plate 3 (cax16)

Selfed seed of 2X>2X on 3 days after pollination.
Hybrid seed of 2XX4X on 3 days after pollination,
Hybrid seed of 4XX2X on 3 days after pollination.
Selfed seed of 4X x4X on 3 days after pollination.
Selfed seed of 2Xx2X on 5 days after pollination.
Hybrid seed of 2X<4X on 5 days after pollination.
Hybrid seed of 4Xx2X on 5 days after pollination.
Selfed seed of 4X:<4X on 5 days after pollination.
Selfed seed of 2XX2X on 7 days after pollination,
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Explanation of Plate 4 {cax16)

Fig. 10. Hybrid seed of 2XxX4X on 7 days after pollinatian.
Fig. 11. {a. b, c¢), Hybrid seed of 4XX2X on 7 days after pollination.
Fig. 12. Selfed seed of 2X2X on 9 days after pollination,
Fig. 13. Hybrid seed of 2Xx4X on 9 days after pollination.
Fig. 14. (a, b, ¢), Hybrid seed of 4Xx2X on § days after pollination.
Fig. 15. Selfed seed of 4X<4X on 9 days after pollination.

Abbreviation in the Plates 1-4

¢ : Primordiom of coleoptyle,
em : Embryo.
en ; Endosperm.
¢ : Growing point.
ip : Initiation of plumule.
ir : Initiation of radicle.
ipt : Initiation of primordia.
1; ¢ Primordium of 1lst foliage leaf,
1z : Primordium of 2nd foliage leaf.
Iy : Primordium of 3rd foliage leaf.
¢ Primordium of radicle.
v : Vascular tissue of hypocotyl.
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Explanation of Plate 5
Accumulation of polysaccharides and starch grains in endosperm,

Left to right : Days after pollination, 3, 5, 7 and 9 days respectively.
Up to down: Cross combinations, 2Xx2X, 2X x4¥X, 4Xx2X and 4Xx4X
respectively,
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