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of centromere and interchange breakpoints in the pachytene chromosome of rice. Jpn. J. Breed.
30: 387-398.

Sate, S., K. Muraocka and Y. Sano, 1982, Reconstruction of a linkage group corresponding to
Nishimura's second chromosome in rice, Oryza sativa L. Jpn. J. Breed. 32: 232-238.

Yoshimura, A., N. Iwata and T. Omura, 1982. Linkage analysis by reciprocal translocation
method in rice (Oryza sativa L.), III. Marker genes located on chromosomes 2, 3, 4 and 7. Jpn. J.
Breed. 32: 323-332.

31. Cytological identificaiton of extra chromosome in trisomics and location of the
brittle-culm (bc) gene

Hsin-Kan Wu, Hsio-Chi Liou, and Mei-Chu Chung Institute of Botany, Academia Sinica,
Nankang, Taipei, Taiwan 115, ROC

There trisomic lines, R78-14-8, R77-16-3 and R77-24-2, made available through the courtesy of
the International Rice Reseach Institute, were investigated by using the new technique for root-tip
chromosomes developed by Kurata and Omura (1978). The extra chromosomes embodied in the
trisomic lines were chromosomes X, VII, and IV, respectively; the chromosomes were numbered
according to their length in descending order. R77-16-3 had two pairs of nucleolar chromosomes.
This confirmed Liou’s analysis of pachytene chromosomes.

Each of the three trisomic lines were crossed to six marker stocks carrying d-1 (Daikoku
dwarf), Dn (dense panicle), lg (liguleless), g/ (glabrousness), g (long empty glume), and bc (brittle
culm), respectively. Since the Fplants had a low fertility due to the effect of an extra chromosme
and Indica (trisomic) X Japonica (marker) crosses, only 6 cross-combinations yielded F> populations
large enough for studying segregation ratios. One of them, R77-16-3 X bc, gave a ratio significantly
deviating from 3:1 and fitting the trisomic ratio. This indicated that bc was located on chromosome
VII

References

Kurata, N. and T. Omura, 1978. Karyotype analysis in rice, 1. A new method for identifying
all chromosome pairs. Jpn. J. Genet. 5: 251-255.

Liou, H.C., 1983. Cytogenetics of rice trisomics. MS thesis submitted to National Taiwan Univer-
sity, Taipei.

32. Use of primary trisomics of rice for associating linkage groups with respective
chromosomes

Gurdev S. KHUSH, R.J. SINGH, S.C. SUR and A.L. LIBROJO  International Rice Research
Institute, P.O. Box 933, Manila, Philippines

Twelve linkage groups corresponding to the haploid chromosome number of rice were
suggested by Nagao and Takahashi (1963). However, these linkage groups have not been associated
with the cytologically identifiable chromosomes and their independence has not been tested. We
established all the twelve possible primary trisomics in the background of a disease and insect
resistanct and widely grown indica variety, IR36. The extra chromosome of each of the trisomics
was identified at pachytene stage of meiosis following the numbering system of Shastry, Ranga
Rao and Misra (1960). Accoridng to this system the longest pachytene chromosome was numbered
as 1 and shortest as 12. We studied the segregation of 22 marker genes in the trisomic progenies.
In all we tested 120 out of 264 possible combinations involving 22 genes and 12 trisomics. On the
basis of modified trisomic ratio technique we were able to identify marker genes for all the 12
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chromosomes. Three linkage groups (VI, IX, and XII) were associated with chromosome 5 and
linkage groups VII and V were associated with chromosome 9. New linkage groups for
chromosomes 6, 8 and 10 were established. The relationships between the chromosome numbering
systems of Shastry, Ranga Rao and Misra (1960), Nishimura (1961), Kurata and Omura (1978) and
the linkage groups of Nagao and Takahashi (1963) are shown in Table 1. The table also shows the
relationships between our trisomics and those of Iwata and Omura (1975). Detailed paper on these
investigations will appear in volume 106 of Genetics.

Table 1. Relationships between various systems of numbering chromosomes,
trisomics, linkage groups, and marker genes of rice

Chromosomes Trisomics Linkage
groups
Shastry, Kurata Iwata Nagao Maker
Ranga Rao  Nishimura, and This and and genes
and Misra (1961) Omura study Omura Takahashi
(1960) (1978) (1975) (1963)
1 3 K1* 1 o* 1 eg. lax
2 8 K2* 2 N* X tri
3 6 K6 3 B 1 wx, Ws
4 5 K3* 4 M* XI bey, chy, di
5 2 K9 5 L VI, IX, XTI ghy, nh, gl
6 4 K5 6 A o Splx, 7’[1
7 10 K11 7 F v g
8 12 K7 8 D —— vy, SU
9 1 K10 9 H VILL V dp-, drp,, I-Bf
10 7 Ki2 10 C — gl fl
11 9 K8 11 G VII la, z
12 11 K4 12 E I lg, Pl

* added by editor as per Iwata, Satoh and Omura (No. 34)
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33. Establishment of a complete trisomic series from a Japonica rice variety
Nobuo IWATA and Takeshi OMURA Faculty of Agriculture, Kyushu University, Hako-
zaki, Fukuoka, 812 Japan

A series of 12 different types of trisomics had been isolated earlier from a Japonica variety,
Nipponbare (Watanabe and Koga 1975). However, the investigation of karyotypes of extra
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chromosomes by Kurata et al. (1981) revealed that four of the trisomics had the same extra
chromosome (K10). Thus, these four were reclassified to be identical and the trisomics for the
three longest chromosomes (K1, K2 and K3) were not present in our series. The extra
chromosomes of the 9 types were identified by crossing them with marker stocks (Iwata and
Omura 1975, 1976; Iwata et al. 1984). The relationships between Nagao and Takahashi’s (1963)
linkage groups and chromosomes numbered for designation of interchanged segments by
Nishimura (1961) were established by using the trisomics and reciprocal translocation lines (Iwata
and Omura 1971a, b, 1975, 1976; Iwata et al. 1984; Kinoshita et al. 1975; Sato 1976; Sato et al.
1973, 1975, 1982; Yoshimura et al. 1982).

The trisomics having chromosomes K1, K2 and K3 (chromosomes 3, 8 and 5, respectively, of
Nishimura's designation), which were lacking in our series, were discovered recently, as types O,
N and M, from the progeny of triploid plants of Nipponbare. The results from crossing
experiments with these new trisomics are summarized in Table 1. In crosses with type M, marker
genes dl, ch-2 and v-2 located on chromosome 5 (K3) showed trisomic ratios either in BF, or in F».
Similarly, the N and O types were found to have chromosome 8 (K2) and 3 (K1) as extras,
respectively. The respective correspondence of chromosomes 3, 8 and 5 to K1, K2 and K3 was thus
established.

Table 1. Segregation for some marker genes located on chromosomes 3, 5 and 8 in BF,
or F, of crosses with M, N and O types of trisomics

Cross combination Segregation mode x?

Trisomic F, marker Dominant  Recessive  Total 1:1 2:1 3:1
(M type x d1) x d1 17 6 23 5.26% 0.54 —

(M type x ch-2) x ch-2 19 9 28 3.57 0.02 -

(M type x v-2) x v-2 34 10 44 13.09%#* 2.23 —

(N type x gh-2) x gh-2 132 41 173 47 86+ 7.22%%

(N type x gh-2) selfed 136 9 145 — - 27.31%%*
(N type x di gh-2) x gh-2 209 60 269 82.53%** 14.72%%% —

(N type x dI gh-2) = dI 349 335 684 0.25 65.72%%* —

(N type x ch-2) x ch-2 220 180 400 4.00* 24 50%* —

(N type x v-1) x p-1 70 61 131 0.68 10.32%%* —

(O type x lax v-6) * v-6 66 21 87 23.28%%* 3.31 —

(0 type x lax v-6) selfed 549 34 583" — — 114.24%%*
(0 type x lax v-6) selfed 113 3 116" — — 31.08%%*
(0 type x d-18) x d-18 96 30 126 34.57%k* 5.14* —

a) Segregation for v-6. b) Segregation for lax.
In this cross, only #-6" plants were used to observe the segregation for lax.
* ¥ and ***: Significant at 5%, 1% and 0.5% levels, respectively.

The morphological features of the trisomic series are summarized in Table 2. The M type is
completely self-sterile, but it set some seeds when pollinated by fertile disomic plants. The
relationships among the trisomics, chromosomes and linkage gropus are given in the note by
Iwata, Satoh and Omura that follows.



Table 2.

Morphological features of 12 primary trisomics derived from a japonica
cultivar, Nipponbare

[A]

-3

Type Short name

Morphological features

CZE-IOTNmTOW e

Pale

Awned

Small grain
Erectoides
Spreading
Rolled leaf
Pseudo-normal
Large grain
Short panicle
Sterile
Smooth glume
Grassy

Pale green leaves at heading stage, fertile

Somewhat rough and lax panicles, awned spikelets

Fine stature, bushy, small grain

Dark green leaves, erect panicles, short grain

Open tiller, more or less narrow grain

Semi-rolled leaves, imperfect panicle emergence

Nearly the same morphological features as disomics

Dark green leaves, large grain, excess of nucleolar chromosomes
Short in height, short panicles, small grain

Dark green leaves, short in height, perfectly sterile

Dark green leaves, small and smooth glume, highly sterile

Pale green and droopy leaves, bushy, small and narrow grain, highly sterile

(References — See the next note, No. 34)



34. The relationships between chromosomes identified cytologically and linkage
groups

Nobuo IWATA, Hikaru SATOH and Takeshi OMURA Faculty of Agriculture, Kyushu
University, Hakozaki, Fukuoka, 812 Japan

Since the establishment of 12 linkage groups corresponding to the haploid chromosome
number of rice by Nagao and Takahashi (1963), we have been investigating the relationships
between the linkage groups and chromosomes mainly by using trisomics and reciprocal
translocations (Iwata and Omura 1971a, b, 1975, 1976, 1984; Iwata et al. 1984; Kurata et al. 1981:
Sato 1976; Sato et al. 1982; Yoshimura 1982). Recently we have established the relationships
between all the chromosomes and linkage groups. The results from different series of studies are
summarized in Table 1.

Table 1. Relationships among chromosomes, trisomics and linkage groups in rice

Chromosome Trisomics Linkage

; Marker genes
RT Karyotype Japonica Indica  group gen

1 K10 H Triplo 9 VII Bp*, Dn, dp=2*%, drp-2*
v I-Bf
2 K9 L Triplo 5 VI bgl*, d-1, nl-2*, ops*, v-10(t)*
X nl-1, ri, spl-7%, spl-8*
X1I gl
3 K1 0 Triplo 1 I1I A, ch-5%, ch-6%*, d-10*%, d-18, eg*, fs-2,
lax, Pn, Rd, rl-2*, spl-6*, v-6%*, shr-1%
4 K5 A Triplo 6 - d-B*, pal-2%, rl-1, spl-1%
K3 M Triplo 4 XI bec-1, ch-1%*, ch-2%, ch-3*, ch-7*, d-K-2%,

di*, drp-3%*, drp-4*, fc*, op*, rl-3*, spl-3*,

stl*, v-1, v=2%, v-5*%, y-7%*, z-3*

o K6 B Triplo 3 I C, ch-4*, C1, dp-1*, spl-4*, v-3*%, ws*, wx

7 K12 C Triplo 10 - du*, £1%, pgl*, Rf-1, rk-2

3 K2 N Triplo 2 X bl-1, bc-3*, d-K-1*, d-K-4*, d-W*, gh-2%,
gh=3%*, spl-2%, tri

9 K8 G Triplo 11 VIII d-C*, D-K-3%, d-t*, la, sfg, v-4%, z-1%, z-2%,
v-9(t)*

10 K11 F Triplo 7 v d-6, g, ge*, Rc, rfs*, spl-5%, v-11(t)*

11 K4 £ Triplo 12 11 d-2, d-11*, lg, nal-1*, Ph*, P1, rk-1*, ylm*

12 K7 D Triplo 8 - d-51%, su*, ur-2(t)*, v-8%, z-4*

RT — Arbitrarily numbered on the basis of studies of reciprocal translocations by Nishimura (1961).
Karyotype — Numbered according to the length of somatic prometaphase chromosomes in descending order by
Kurata and Omura (1978).

Trisomics, Japonica — Derived from Nipponbare, classified morphologically (Iwata ef l.1970, 1984).
Trisoics, Indica — Estblished by Khush ef al. (1984).

Marker genes — Shown by symbols used at Kyushu University, Dept. of Plant Breed.

Underline indicates genes whose location was determined by trisomic analysis. * indicates genes described by
the staff of Kyushu University.
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In the table (Ist column), the chromosomes are numbered 1—12 tentatively according to
Nishimura's (1961) system which is based on studies of reciprocal translocations. They are also
numbered K1—K12 (2nd column) according to the length of somatic prometapohase chromosomes
in descending order on the basis of karyotype analysis by Kurata and Omura (1978). The trisomics
derived from triploid plants of Nipponbare (Japonica) are classified into types A—O by
morphological features (Iwata ef al. 1984). Those derived from an Indica strain, made available
through the courtesy of Dr. G. S. Khush (Triplo lines; Khush et al. 1984), are numbered according
to the length of extra chromosomes at pachytene in descending order. The linkage groups, [—XII,
are those of Nagao and Takahashi (1963). The relationships among these different series were
determined by segregation patterns for marker genes as listed in the table, particularly by trisomic
analysis.

Linkage groups VII and V were associated with chromosome 1 which is the extra chromosome
of the H-type trisomics. Genes Bp, Dn and dp-2 (linkage group VII) and /-Bf (V) showed trisomic
ratios in crosses with the H-type trisomics (Iwata and Omura 1975). Similarly, linkage groups VI,
IX and XII were found to be associated with chromosome 2 which is the extra chromosome of the
L-type trisomics (Iwata and Omura 1976). The linkage relations between I-Bf and genes belonging
to linkage group VII still remain unknown. Linkage relations among genes of linkage groups VI, IX
and XII were confirmed by both conventional and reciprocal translocation methods (Yoshimura et
al. 1982; Sato et al. 1982).

None of the Nagao and Takahashi’s linkage groups could be assigned to chromosomes 4, 7 and
12. However, several genes were located on them through trisomic analysis (Iwata and Omura
1975; Iwata et al. 1984; Yoshimura et al. 1982; Sato and Shinjyo 1978). Their linkage relations still
remain unknown. The linkage groups assigned to respective chromosomes are shown in Fig. 1.

Many of the mutant genes listed in Table 1 were induced by irradiation or application of
chemical mutagenes, but additional marker genes are necessary for preparing detailed linkage
maps. The numbering system of rice chromosomes is not standardized as yet. It may be based on
the length of chromosomes, but there is no complete agreement between the order of length of
chromosomes at pachytene stage and that at somatic prometaphase. The adoption of an acceptable
system would depend upon discussions among rice geneticists in the future.

References

Iwata, N. and T. Omura, 1971a. Linkage analysis by reciprocal translocation method in rice
plants (Oryza sativa L.), I. Linkage groups corresponding to the chromosome 1, 2, 3 and 4. Jpn.
J. Breed. 21: 19-28 (Jap./Eng.).

and , 1971b. Ditto, I1. Linkage groups corresponding to the chromosomes 5,
6, 8, 9, 10 and 11. Sci. Bull. Fac. Agr., Kyushu Univ. 25: 137-153 (Jap./Eng.).

and , 1975, Studies on the trisomics in rice plants (Oryza sativa L.), 111
Relation between trisomics and genetic linkage groups. Jpn. J. Breed. 25: 363-368.

and , 1976. Ditto, IV. On the possibility of association of three linkage groups
with one chromosome. Jpn. J. Genet. 51: 135-137.

and , 1984. Ditto, VI. An accomplishemnt of a trisomic series in japonica
rice plants. Jpn. J. Genet. 59: (in press).

Iwata, N., T. Omura and H. Satoh, 1984. Ditto, V. Relationship between the twelve chromosomes
and the linkage groups. Jpn. J. Breed. 34: 314-321.

Khush, G. S., R. J. Singh, S. C. Sur and A. L. Librojo, 1984. Primary trisomics of rice: Origin,



130

morphology, cytology, and use in linkage mapping. Genetics 107: 141-163.

Kinoshita, T., M. Takahashi and S. Sato, 1975. Linkage analysis by reciprocal translocation
method, with special reference to the first linkage group. Genetical studies on rice plants, 64.
Memoir Fac. Agr., Hokkaido Univ. 9: 259-263 (Jap./Eng.).

Kurata, N. and T. Omura, 1978. Karyotype analysis in rice, I. A new method for identifying
all chromosome pairs. Jpn. J. Genet. 53: 251-255.

, N. Iwata and T. Omura, 1981. Ditfo, II. Identification of extra chromosomes in trisomic
plants and banding structure on some chromosomes. Jpn. J. Genet. 56: 41-50.

Nagao, S. and M. Takahashi, 1963. Trial construction of twelve linkage groups in Japanese
rice. Genetical studies on rice plant, 27. J. Fac. Agr., Hokkaido Univ. 53: 72-130.

Nishimura, Y., 1961. Studies on the reciprocal translocations in rice and barley. Bull. Natl
Inst. Agr. Sci., Japan D9: 171-235 (Jap./Eng.).

Sato, S., 1976. Linkage analysis of rice plant by the use of reciprocal translocation lines. Bull.
Coll. Agr., Univ. Ryukyus 23: 73-104 (Jap./Eng.).

—, T. Kinoshita and M. Takahashi, 1973. Linkage analysis of rice plant, by the use of
Nishimura’s reciprocal translocation lines. Genetical studies on rice plant, 54. Memoir Fac.
Agr., Hokkaido Univ. 8: 367-376 (Jap./Eng.).

, and , 1975. Linkage analysis of rice plant by the use of reciprocal
translocation lines induced from linkage testers. Genetical studies on rice plant, 62. Memoir
Fac. Agr. Hokkaido Univ. 9: 193-199 (Jap./Eng.).

, K. Muraoka and Y. Sano, 1982. Reconstruction of a linkage group corresponding to
the Nishimura’s second chromosome in rice, Oryza sativa L. Jpn. J. Breed. 32: 232-238.

C. Shinjyo, 1978. Linkage analysis in rice by the use of reciprocal translocation lines,
with special reference to the seventh chromosome. Jpn. J. Breed. 28 (Suppl. 1): 168-169 (in
Jap.).

Watanabe, Y. and Y. Koga, 1975. Cytogenetic studies on rice and its wild relatives, II. Genetic
and cytogenetic studies on the trisomic plants of rice, Oryza sativa L. Bull. natl. Inst. Agr.
Sci., Japan D26: 91-138 (Jap./Eng.).

Yoshimura, A., N. Iwata and T. Omura, 1982. Linkage analysis by reciprocal translocation
method in rice plants (Oryza sativa L.), III. Marker genes located on chromosomes 2, 3, 4 and 7.
Jpn. J. Breed. 32: 323-332.



Chromosome 1

131

14,1 —
144 ——f-5. 2
e
D drp-2 dp-2
Chromosome 2
' 44.0 |
" 40.1 {
| 34.6 {
b 32.3 ! } 31.3 {
34.7 4
| 30.7 ;;J
37.5 d
26.8 1
11.8 i 30.7 i
! 33.4 13.5 ;01-—14.7*—' 13.1
I 22.3 ! 20.2 | k—-A17.6«~::1 16,5———10.4~1.1
¥ ; T ¥ T : !I : ; ; :
nl-2 a-1 al-K-3 wv-10{(t) bgl (ri} spl-7 nl-1al-K-2
spl~8 {ops)
Chromosome 3
t 46.8 -
p—15.5 i 38.6 1
[ 28.6 y
—8.5 — 33.1 ]
8.7————-{
| —8.3 4.9+ -15.3 | 39.6 ! 19.5 }
f == { ! ! ! i
eg  spl-6 lax  ch-5  d-10 A (r1-2) Pn
Chromosome 5
| 35.2 |
t 49.4 1 27.8 {
| 49.1 | 43.3 i
i 50.9 ! 43.4 i
: 41.0 } 43,7 |
b 42.8 {
tz.o{ [ 28.2 13.5~J
28.5 | 37.0 1 29.7 } 26.0 17.0 |
[——18.9 } 21.3 | 17.9 | 17.9 | 33.4 l~=o! 25.9 ;0.5—~~18.5—+%01
=== : 5 i | f fe==t f =
ch=1 (v=-5) ch-3 fc v-1 be-1 v=2 (op) dl z-3 spl-3
(ch-2) (d-K-2)
Chromosome 6
} 31.6 i
! 41.3 {
33.8 i 30.6 i
9.5 " 42.7 {
b—2.2—1 21.3 1 35.3 |
2.3f2~5l'6.3-f—-'14.3 l 20.1 | 17.2 t 27.5 1
=== } } i f f
WX dp~1 v-3 C ws ch~4 cl

(spl-4)



Chromosome 8

37.5 {
I 18.1 i
18.6 i
18.9 t 28.1
P50t 15.7 | 50— 17.6 i
H : T Ll T
d-K-1 tri bl-1 bc-3 gh-3
b 47.8 1
b 40.5
f—16.8 t 31.2 t 19.8
N .
1 1 i
spl-2 gh-2 d-w d-K-4
Chromosome 9
} 36.2 i
! 34.7 |
t 35.9
t 35.7
} 22.9
t 41 t 13.9 ——i
} 46.6
| 21.1 29.2
t 24.7 | 19.6 1 38,1 i
L5.9: 26.9 }—10.8 —+—-15.1 -8.0 26.6 } 28.7
O p— $oren et it i 4 +
T T 1 T Ll Ll 1 T T
(z-2) d-t la v-4 d-¢ sp v=9(t) z~1 K
Chromosome 10
+ 550 {
k 37.3 i
' 33,6 {
t 31.6
b 24.3
b 14,1 ——
| 25.8 27.4 |
-5.74 23,0 13.5 {
\ . N N
T Ll T T T T
d-6 g spl-5 v-11(t) Rc rfs
Chromosome 11
I 37.0 i
f 27.7— + 33.7 i

t 31.6
k-——214———~—L9-3ﬂ

I
Pl

l 1 1
lg Ph pr

Fig. 1. Linkage maps for 9 chromosomes.

Gene symbols

follow those traditionally used at Kyushu University.



VIII. Technical notes

35. Embryo rescue of interspecific hybrids and its scope in rice improvement

K.K. JENA and G.S. KHUSH International Rice Reseach Institute, P.O.Box 933, Manila,
Philippines

Wide hybridization in cereals is a significant plant breeding tool for the incorporation of
desirable characters from wild into the cultivated species. Several accessions of three diploid wild
species of rice, e.g., O. australiensis (Domin), O. officinalis (Wall), and O. brachyantha (Chev. et
Roehr) are resistant to all biotypes of brown planthopper (BPH). In order to transfer genes for BPH
resistance from these wild species we crossed them with three improved plant-type BPH
susceptible lines of Oryza sativa L., e.g., IR1529-680-3-2, IR25587-109-3-3-3-3 and IR31917-45-3-2.

We used 3 accessions of O. australiensis, 5 accessions of O. officinalis and 1 accession of O.
brachyantha as male parents in crosses with three breeding lines of cultivated rice. Due to cross
incompatibility between the parents we obtained very low seed set and few hybrid seeds we
obtained, were poorly developed. Most of the hybrid embryos started degenerating two weeks after
pollination because of the incompatibility between the genomes.

To overcome the problem of degeneration of interspecific hybrid embryos we resorted to
embryo rescue work. Spikelets, after 14 days of pollination, were taken and surface sterilized in
sodium hypochlorite solution (35%) supplemented with 2 drops of Twin-20. After washing them in

Table 1. Embryo rescue of interspecific hydrids

Percentage

Hydric combination Embryos Emt?ryos of ger-

cultured germinated Lo

mination

IR1529-680-3-2 x O. australiensis (1) 27 31 77.8
IR1529-680-3-2 x O. australiensis (2) 34 13 38.2
IR1529-680-3-2 x O. australiensis (3) 36 27 75.0
IR1529-680-3-2 x O. officinalis (1) 148 83 56.1
IR1529-680-3-2 x O. officinalis (2) 174 78 44.8
IR1529-680-3-2 x O. officinalis (3) 98 72 73.5
IR1529-680-3-2 x O. officinalis (4) 6 3 50.0
IR1529-680-3-2 x O. officinalis (5) 8 5 62.5
1R1529-680-3-2 x O. brachyantha 37 29 73.5
1R25587-109-3-3-3-3 x O. australiensis (1) 8 4 50.0
IR25587-109-3-3-3-3 x O. australiensis (2) 5 4 80.0
1R25587-109-3-3-3-3 x O. australiensis (3) 7 5 71.4
[R25587-109-3-3-3-3 x O. officinalis (1) 41 21 51.2
IR25587-109-3-3-3-3 x O. officinalis (2) 19 12 63.2
1R25587-109-3-3-3-3 x O. officinalis (3) 45 28 62.2
IR25587-109-3-3-3-3 x O. officinalis (4) 13 6 46.2
IR25587-109-3-3-3-3 x O. officinalis (5) 15 12 80.0
IR31917-45-3-2 x O. australiensis (1) 16 8 50.0
IR31917-45-3-2 x O. australiensis (2) 14 6 42.9
IR31917-45-3-2 x O. australiensis (3) 9 5 55.6
IR31917-45-3-2 x O. officinalis (1) 59 39 66.1
IR31917-45-3-2 x O. officinalis (2) 71 49 69.0
IR31917-45-3-2 x O. officinalis (3) 7 3 42.9
IR31917-45-3-2 x O. officinalis (4) 22 14 63.6
IR31917-45-3-2 x O. officinalis (5) 13 4 30.8

IR31917-45-3-2 x O. brchyantha 5 4 80.0
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sterilized water, the delicate young embryos were excised and isolated under a stereomicroscope in
an asceptic condition on a laminar flow bench. The isolated embryos were cultured asceptically on
1/4 MS medium and were incubated in the dark (25+1°C) until germination. The seedlings were
kept in light incubation room up to three leaf stage and transferred to soil after growing in liquid
culture medium for 10 days. The germination of hybrid embryos ranged from 38%—77%, 46%—80%
and 31%—80% in the interspecific hybrids of three varieties, respectively (Table 1).

The hybrid plants of the three interspecific crosses are now growing. We shall examine their
cytological behavior and pollen and seen fertility and study the possibility of gene transfer from
these wild species to the cultivated rice.

36. A rapid method for identifying different dwarfing genes in rice

Ish KUMAR' and T.H. SINGH Department of Plant Breeding, Punjab Agricultural
University, Ludhiana, Punjab, 141004 India

A breakthrough in rice production has been attained through the development of semi-dwarf
varieties. The semi-dwarf varieties in addition to having lodging resistance, have high nitrogen
responsiveness. TN1 from Taiwan and IR8 from IRRI, Philippines, inherited their common
recessive dwarfing gene from Dee-geo-woo-gen (DGWG). After the success of IR8 the breeders
depended heavily on this source of short stature. This has resulted in narrow germplasm base of
the world’s rice crop, as far as dwarfing gene is concerned. Studies are underway for identifying
new dwarfing genes. Allele tests between the new genes and the DGWG gene require 3-4 growing
seasons as crosses must be made and F, and F, populations must be examined for plant stature. In
this study a new approach to identify a dwarfing gene different from DGWG 1is reported.

Variety IR8, PR106, TN1, Basmati 370 and IR127—80-10—1 were planted in a single row in
rice experimental area, Punjab Agricultural University, Ludhiana (India) in the later part of the
rice planting season, i.e., on 15th July, 1982 in two replication. The row to row and plant to plant
distance was 30 X 20 cm, respectively. Freshly prepared 100 ppm, solution of GA; was sprayed on
five plants of each variety, in each replication, at the booting stage. Final observations on culm
elongation after GA, spray were taken at full maturity of all the varieties. The results with respect
to control and sprayed plants are given in Table. 1.

The data show that three varieties, e.g., IR8, TN1 and PR106, which have the same dwarfing
gene from DGWG, responded similarly to the exogenous supply of GA;. All these varieties showed
a response of about 30 percent increase in culm elongation over their respective controls. Even the
traditional tall variety Basmati 370 indicated a response of 14 percent increase in plant height. On
the other hand plant height of IR127-80-10-1 at maturity showed no increase after the exogenous
GA, spray (Table 1). This lack of response to GA; clearly shows that the dwarfing gene in IR127-
80-10-1 is different from the DGWG gene present in other three dwarf varieties.

The dwarfing gene of IR127-80-10-1 ws found to be different from DGWG dwarfing gene by
genetic analysis. The height of F, plants of the cross between TN1 and IR127-80-10-1 was 135 cm
and compared to 83 cm and 94 c¢cm for TN1 and 1127-80-10-1, respectively. The F, of this cross
showed transgressive segregation, the range being 60 cm to 165 cm. IRRI (1967) also reported that
the dwarfing gene in CP-SLO (one of the parents of IR127) was different from the DGWG gene.

1. Present address: Post Doc. Fellow, Department of Plant Breeding, International Rice Research Institute,
P.0O. Box 933, Manila, Philippines.



Table 1. Plant height of different varieties before and after GA® application

Plant height (cm)

Variety Percent increase in
Treated Control height over control

IR8 86 65 32

TN1 88 70 26

PR106 88 68 30

Basmati 370 190 166 14

IR127-80-10-1 76 75 1

These results indicate that GA; responsive and non-responsive dwarf plants can be identified
easily in the segregating populations of the crosses between varieties having CP-SLO gene and the
DGWG gene. All the plants having least response to GA; would be having a dwarfing gene from
CP-SLO and the ones having DGWG would respond to GA; application. Such an approach in
rapidly identifying the different dwarfing genes can be extended to other dwarfing sources in rice
also.
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37. High recovery of useful hybrid mutants in a lowland variety of rice

R.C. CHAUDHARY, D.P. MISHRA and V.N. SAHAI Rajendra Agricultural University,
Agric. Research Institute, Bihar, Mithapur, Patna, Bihar, 800001 India

A well adapted lowland rainfed variety of rice called Janki was treated with 0.4% EMS during
rabi 1979—80. In M, generation 28 mature plants were obtained from a total of 1000 treated seeds.
In M. generation very high spikelet sterility was observed and 1212 plants were harvested in bulk.
In M; & M, the population was promoted by bulk method except that the plants looking like Janki
were rejected. In the My population, observations were recorded on 3120 plants. Tremendous
genetic variability was observed with unusual combination of the mutant characters (Table 1).

Table 1. Hybrid-mutants of Janki with red and white rice in various plant
height classes in M, generation

No. with
Plant height class
(cm) Red kernel White kernel

1. upto90 75 10
2. 91—106 155 14
3. 107—122 456 26
4. 123—138 439 22
5. 139—154 87 5
Total No. of plants 1212 77

In this method of breeding, it was expected that the sterility in M, would promote high rate of
outcrossing. Mutants and the normal plants were expected to cross pollinate each other. This
situation has led to the recovery of very high number of hybrid-mutants. It may be noted that
Janki is a released and adopted variety for a water regime of about 1 metre depth in the state of
Bihar in India. It has also done exceedingly well in several Eastern States of India and countries
like Vietnam. The variety has excellent submergence tolerance, kneeing ability and resistance to
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rice tungro virus and problem soils, but has coarse grains and red kernels. Several mutants have
white kernel and fine grains in the background of semi-dwarf to semi-tall plant height and varying
degrees of photoperiod sensitivity. These mutants are of great practical value. The breeding
method followed is cost efficient and involves very little time and funds.

38. An improved technique for staining rice pachytene chromosomes

Hsin-Kan WU Institute of Botany, Academia Sinica, Nankang, Taipei, Taiwan 115, ROC

Microscopic analysis of the pachytene chromosomes of rice was first carried out by Shastry et
al. (1960), and this technique was further used by Sen (1963), Wu (1967), Khan (1975) and others
with some modifications. These workers found that rice pachytene chromosomes were not easily
stained by 1% aceto-carmine after the plain acetic alcohol fixation, and some of them added a trace
of ferric chloride to there fixatives (Shastry et al. 1960; Das and Shastry 1963; Misra and Shastry
1967; Ranganadhacharyulu and Yesoda Rai 1974; Khan 1975; Reddi and Reddi 1977; Dolores et al.
1979; Sato et al. 1980). This treatment gave a deeper staining than the use of fixatives without
iron (Yao et al. 1958; Bouharmont 1962; katayama 1966). In many cases, fixed materials were soon
moved to 70% alcohol, but Khan (1975) kept his materials in the fixative with iron for two months
or even longer and obtained improved staining of pachytene chromosomes.

Another difficulty has been insufficient spreading of the pachytene chromosomes. Good
spreading seemed to depend on the choice of an appropriate stage of cell division and sufficient
swelling of the cell. Pollen mother cells fixed in a fixative with iron do not swell well upon heating.

Wu (1967) developed a double mordant technique, by which these difficulties were
circumvented. In this technique, a trace of ferric hydroxide is added to 1% aceto-carmine and to the
fixative to which a trace of ferric chloride 1s also added. Not only chromosomes but cytoplasm also
are overstained, especially when the slide is gently heated, and the residual stain can be removed
by adding several drops of 45% acetic acid to one side of cover slip and blotting the excess fluid
from the other side. Swelling of the cell and differential staining of chromosomes are then carried
out simultaneously by heating the slide again evenly and gently up to a point just before boiling.
No intended pressure needs to be applied directly to the cover slip except turning the slide upside
down over a piece of blotting paper as soon as the heating is completed.

The pachytene chromosomes prepared in this way are well spread and reasonably
differentiated (Chen et al. 1982). Among those who had studied rice pachytene chromosomes,
Ranganadhacharyulu et al. (1974) was the only ones who used 45% acetic acid to remove excess
stain.

The technique developed by Kurata et al. (1981) is quite different from the ones mentioned
above. By their technique, anthers of proper size are treated with 75 mM KC1 or 0.5 mM uridine
and macerated in a mixture of pectinase and cellulase. After being rinsed with distilled water, the
anthers are smashed in a drop of fixative (3 parts methanol + 1 part acetic acid), flame-dried and
Giemsa stained. Their micrographs have shown well differentiated configurations of chromosomes
with prominence of centromeres. This technique may also be highly recommended for analysis of
rice pachytene chromosomes.
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39. Utilization of microspore-derived plants for genetic analysis in rice

Chi-Chang CHEN Department of Botany, National Taiwan University, Roosevelt Road,
Taipei, Taiwan 107, ROC

This communication summarizes our results on genetic analysis of rice plants produced from
anther culture (Chen et al. 1982, 1983). Four traits each controlled by a recessvie gene, glutinous
endosperm (wx), narrow leaf (nal), ligulelessness (lg), and long glume (g), were selected as markers
for the analysis. Previous studies showed that na/ and /g were in linkage group II and their
distance was approximately 19 map units (Yen et al. 1968); wx is in linkage group I and g in linkage
group IV (Takahashi 1964). The anthers of hybrids heterozygous for two unlinked (wx and lg; Ig
and g) and linked (nal and lg) genes were cultured according to the method described by Chen
(1977, 1978). Chromosome numbers of the plants obtained from anther culture were determined
and the haploid and diploid plants were subjected to genetic analysis.

Progeny tests showed that all diploids but one were homozygous for both loci. The
homozygous diploids were likely of microspore origin, where the haploid chromosome complement
of microspores was doubled spontaneously during i vitro development. The exceptional plant was
homozygous for lg" but was heterozygous for the waxy locus. Indirect evidence suggested that a
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mutation at the wx locus in a spontneously doubled haploid cell during culture might have resulted
in this exceptional plant.

Chi-square tests of the haploids and homozygous diploid plants further revealed the following
facts: 1) In plants produced from all hybrids, the ratio of the dominant to recessive states of each
character fitted the expected 1:1 gametic ratio, indicating that there has been no competition
among the microspores with different genotypes during in vitro development. 2) In plants derived
from heterozygotes for two unlinked genes, the frequency distribution of the four genotypic classes
fitted a 1:1:1:1 ratio. 3) In plants derived from heterozygotes for two linked genes (na/ and /g), the
ratio of the four genotypic classes departed significantly from the 1:1:1:1 ratio, and the pooled data
for haploids and diploids yielded a recombination value of 9.3 + 1.47 percent between nal and Ig.
This value was quite close to that estimated from the F, data by the author (8.5 + 1.33%) although
it differed from a 19% value reported by Yen et al. (1968).

These results indicate that meiotic events, such as segregation, independent assortment, and
recombination of linked genes, occurring in the donor plants can all be detected in the microspore-
derived progeny. The significance of this work would be that it provides a theoretical basis for the
utilizatin of another culture for rice breeding and demonstrates the feasibility of using the gameto-
phyte derivatives of higher plants for gene mapping. Because fertilization is bypassed in the
procedure, this new method of gene mapping may have some special advantages.
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40. Flavonoids as biochemical markers in the genus Oryza

Ch. BOYET', M. JAY' and G. SECOND* 1) Laboratoire de Phytochimie, U.E.R. Claude
Bernard Lyon I, 43 Boulevard du II Novembre 1918, 69622 Villeurbanne-cedex, and 2) Biologie
des Populations et des Peuplements, C.N.R.S. BP 5051, 34033 Montpellier-cedex, France

Our aim is to describe a new biochemical and molecular approach for studying polymorphism
in Oryza. Flavonoid compounds are particulaly convenient for this purpose as they are widely
distributed among plants and are chemically stable. They show a structural diversity due to
differences in oxygenation, methylation and glycosylation processes. Most of the plant samples
studied are those analyzed earlier for enzymatic diversity (Second 1982, 1983).

The leaf material to be sampled is immersed in an alcoholic mixture and after a fast
purification step, the extract is analysed by two dimensional thin layer chromatography (flavonoid
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patterns fixed by U.V. photographic process; Gonet 1973), or by high performance liquid
chromatography (profiles integrated for the peak heights; Jay et al. 1983). In both cases, the
phytochemical data were treated by multivariate analysis.

Two large groups of forms or species were recognized. One of them included the
representatives of O. sativae complex, and the other was composed of O. latifolia complex. In the
former, different flavonoid patterns could be corresponded to geographical origins or species. In the
latter, it was possible to characterize the different genomes reported in this group. Moreover, O.
ridleyi and O. meyeriana were distinguishable, and in the latter species the Chinese and South
Asiatic forms could be separated.

The flavonoid patterns can be easily obtained from dry samples. The reports by the
Phytochemical, Group of Lyon on various plants demonstrate the cogency of the biochemical
markers in appreciating plant variability and its phylogenetic significance at species or
infraspecific level (Jay et Gorenflot 1980; Jay et al. 1983; Reynaud et al. 1982).
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41. Callus induction and growth from different Oryza species

Koh-ichi MORI Plant Breeding Institute, Faculty of Agriculture, Hokkaido University,
Sapporo, 060 Japan

The problems involved in the successful use of the protoplast culture method in rice breeding,
namely, stable isolation of protoplasts, protoplast culture, and selection of fused cells, remain
unsolved. The anther culture of rice was pioneered by Niizeki and Oono (1968) who obtained
haploid and diploid plants from microspores. This technique was used to obtain promising true-
breeding lines from F, plants at Hokuriku National Agricultural Experiment Station and Kami-
kawa Agricultural Experiment Station of Hokkaido, in Japan. Niizeki nand Kita (1981) succeeded
in obtataining fusion of rice and soybean protoplasts by using polyethylene glycol (PEG)-high pH-
high Ca™ techniques, but the culture of fused protoplasts and regeneration of plants were
unsuccessful.

I attempted to induce callus formation from seeds of 40 strains belonging to 9 Oryza species
and studied the proliferation of the calli. The seeds were surface-sterilized by immersion in 10%
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bleach and were rinsed three times in sterile water. Then, Chu’s medium containing 2 X 107 M
2,4-D was used for seed callus initiation. The callus growth was maintained by subculturing
repeated every 10 days. Callus induction and proliferation were observed 40 days after plating.

All species except O. lafifolia produced seed calli, but they clearly differed in callus induction
and proliferation ability (Table 1). The seed calli from O. sativa and O. glaberrima showed better
proliferation than those from other species. In O. sativa, subspecies japonica showed better prolife-
ration than indica. A wide range of variation in callus growth or proliferation was also observed
among japonica strains, suggesting that callus proliferation is under genetic control. The wild
species generally showed a poor callus growth, the diameter of calli being nearly 0 to 3 mm after 40
days of incubation.

The techniques for protoplast fusion and culture of hybrid protoplasts are being studied. It
seems necessary to screen the genotypes for a highly prolific callus growth and to obtain suitable
media containing optimum levels of growth regulating substances for successful cell breeding.

Table 1. Comparison of callus growth among Oryza species

Diameter of callus (mm)

Species name No. of Mean
strains 0o 1 2 3 4 5 6 7 8 9 10
sativa 18 1 3 6 1 3 2 2 6.9
subsp. japonica 14 2 4 1 3 2 2 6.6
subsp. indica 4 1 1 2 5.1
glaberrima 5 1 1 2 1 5.7
punctata 4 1 2 1 1.9
minuta 1 1 1.2
officinatis 6 3 3 1.2
australiensis 2 2 3.2
latifolia 1 1 0.0
grandiglumis 1 1 2.8
brachyantha 2 2 0.1

Note: Callus diameter after 40 days from plating
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