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ABSTRACT _

Cytological and biochemical variations were studied to de-
tect the variations between cytoplasmic male sterile (CMS) lines,
their maintainer lines and two local cultivars of rice (Oryza sativa).
The cytological behavior of the maintainer lines and local cultivars
was normal and showed 12 bivalents. CMS lines were found to ex-
hibit tetravalent (metaphase I), lagging chromosomes (anaphase 1),
and micronuclei (quartet). The presence of micronuclei in the CMS
lines may be due to irregularity in the chromosomal behavior. The
maintainer lines and the local cultivars revealed lower percentages
of abortive pollen grains than that of the CMS lines, which showed
percentages of sterility that ranged from 98.8% to 100%. This
highly degree of sterility was due to the high percentage of chro-
mosomal irregularities of the CMS lines, which, in tumn, could re-
flect the role of the cytoplasm. The esterase and peroxidase analy-
sis showed that there were differences between the CMS lines and
maintainer lines in band number and band activity as well. The lo-
cal cultivar Gizal81 possessed the same number of bands as the
CMS lines and maintainer lines. This result may be due to the fact
that Gizal81 is related to the Indica subspecies as the case of the
CMS lines and their maintainer lines.

Key words:Oryza sanva—CMS-cytogenetlcal variation-biochemical
variations,
INTRODICTION )

Rice is one of the most important crops in the world, prov:d-
ing food for more than half the world’s population. Compared to
- other cereal crops, rice has the smallest genome, 4.3x10* bp (Aru-
' muganathan and Earle, 1991) and is relatively easy 1o transform.
The genetic syntony and microcolinearity between the rice gehome
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and other grass genomes has been well demonstrated (Ahn and
Tanksley, 1993 and Park ef al., 2004).

' The wild rice species offer a virtually untapped resource of
agriculturally important genes that have the potential to solve many
of the problems in rice production that we face today such as yield,
drought tolerance, salt tolerance and disease and insect resistance
(Vaughan ef al., 2003 and Kim er al., 2005).

The rice genome has been one of the most intensively stud-
ied plant genomes during the last decade (Goff, 1999). The restric-
tion fragment length polymorphism (RFLP) of rice was used exten-
sively to acquire the construction of restriction fragment map (Ha-
rushima er al., 1998 and Megeed et al., 2004). In contrast to the
rapid progress of molecular analyses of the rice genome, only lim-
ited success has been achieved toward a cytological characteriza-
tion of the rice genome. Several laboratories have used fluores-
cence in situ hybridization (FISH) to map DNA sequences on rice
chromosomes (Fukui ef al., 1994; Jiang et al., 1995; Ohmido et al.
1998 and Cheng et al., 2001). However, the majority of these re-
ports involved mapping DNA sequences on mitotic metaphase
chromosomes. Meiotic pachytene chromosome-based karyotypes
have been previously reported, but none of these karyotypes are
fully integrated with the currently available genetic linkage maps. .

Hybrid rice seed production technology utilizes three dif-
ferent lines, namely a cytoplasmic male sterile line, CMS, (A line),
a maintainer (B line), and a restorer (R line) (Virmani et al., 2001).
One of the conflicts of raising CMS lines is the failure to produce
or release pollen grains due to the incompatibility between nuclear
and mitochondrial genes. Rice hybrid must inherit a nuclear-based
restoration of fertility system from the male parent so that the
planted seeds are fully fertile.

This study aimed at understanding the cytogenetical and
biochemical genetic variations among the CMS lines, their main-
tainer lines, and the Egyptian local cultivars.

MATERIALS AND METHODS
I-Plant Samples:

~Ten different lines of rice (four CMS lines, four maintainer
lings and two Egyptian cultivars) were used in this investigation
(Table 1). '
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Table (1). Origin and salient features of the four CMS lines, their
maintainers, and the two Egyptian cultivars used in this

study.
Genotypes |  Origin (parentage) | Salient features
CMS lines
IR67701A | IRR] Acces.. No Indica type, early maturing, medium tall,
CMS 14977 short grain,
IR68276A { IRRI Acces.. No Indica type, very early maturing, medium
CMS 15027 tall, short grain.
IR68277A | IRRI Acces.. No Indica type, very early maturing, medium
CMS 14987 tall, short grain.
IR68884A  IRRI Acces.. No Indica type, medium maturing, medium
CMS 15019 tall, medium grain.
Maintainer lines '
IR67701B | IRRI Acces.. No Indica type, medium maturing, medium
CMS 14978 tall, short grain.
IR68276B | IRR1 Acces. No CMS | Indica type, early maturing, medium tall,
15028 short grain.
IR68277B | IRRI Acces. No CMS | Indica type, early maturing, medium tall,
14688 short grain. ) ‘
IR68884B | IRRI Acces. No CMS | Indica type, medium maturing, medium
15020 tall, medium grain,
Egyptian Cultivars
Gizal77 Egypt (Gizal71/ Japonica type, very early maturing, short
Yamji No.1 //pi. No 4 | grain, resistant to blast and high yielder.
Gizal8] IRRI-Egypt (1R24 Indica type, medium maturing, excellent
xIR 22) long grain and high yielder.

2- Cytological Studies:

Panicles before maturation were collected and kept in fixing
and killing solutions which consists of three parts of absolute etha-
nol and one part of glacial acetic acid. Ferric chloride crystals
(0.1% concentration) had been dissolved to give the fixed materials
-a fairly straw color. The materials were fixed at least 48h to as long
as 20 days. Afier that, materials were hardened in. 70% ethanol,
washed three times in 70% ethanol and kept in 70% ethanol for .
immediately used or storing for as long as 30 days. For smear
preparation, a single anther was squeezed in 1% acetocarmine
stain. The slides were then pressed with several layers of filter pa-
pers and the clear-cut stages were tested for chromosomal counts
and photographed using Reichert microscope.
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3-Electrophoresis and isozyme techniques:

Two isozymes i.e., esterase and peroxidase were investi-
gated in leaf extract obtained from 25 days old seedling. Both
isozymes were determined employing the polyacrylamide gel slab
of 7.5 % acrylamide for separation gel and 2.5 % acrylamide for
stacking gel. These methods were outlined by Davis (1964). Two-
tenth gram leaves tissues were homogenized in ! mM of an ice-
cold 50 mM tris-HC! buffer (pH 6.8) containing 20 % (w/v) su-
crose and 3 mM dithiothritol (DTT). The extracts were then centri-
fuged at 15000 rpm at 4 °C for 5min. and supernatants were pipet-
ted (Aly, 1986). .

Esterase bands were detected as described by Scandalios
(1969), by using alpha naphthyl acetate as substrate and subsequent
color development with fast blue RR salts. Peroxidase bands were
detected according to Tu et al. (1986) by using binzidine dihydro-
chloride as a substrate and subsequent color was developed with
H>0:.

‘ RESULTS AND DISCUSSION
1-Cytological Studies:
1.1-Chromosome associations at diakinesis and metaphase 1
stages: .

Twelve bivalents were observed in each of the two Egyp-
tian cultivars as well as in the four maintainer lines at diakinesis
and metaphase I stages. Furthermore, no chromosomal aberrations
in these six entities were detected at all phases. While, irregular
chromosomal associations in the four CMS lines were found.

Data in Table (2) shows that at diakinesis stage, the CMS
line IR68276A was found to possess the highest average number of
quadrivalents and percentage of cells having either the form of
eight-shaped quadrivalents or ring shaped quadrivalents plus ten
bivalents, followed by the CMS line IR67701 A. However, the other
two CMS lines; IR68277A, and IR68884A showed the lowest es-
timates for such configurations (Figure 1a, b, and c¢). The number
of the quadrivalents observed in the CMS lines, IR68276A,
IR67701A, IR68884A and IR68277A ranged from zero to one,
whereas the average numbers of quadrivalents for such CMS lines
were found to be 0.25, 0.23, 0.21 and 0.20, respectively. Percent-
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ages of meiocytes showing one quadrivalent plus ten bivalents in

such CMS lines were recorded to be 25, 23, 21 and 20, respec-

tively. |

Table (2). The chromosome associations of the four CMS lines at
diakinesis and metaphase 1 stages.

Diakinesis Metaphase 1
Genotype | \g. of | Chromosome association No. of } Chromosome association
cells - cells
I m I v ] 1| m v
IR67701 77 - 12 - - 90 - 12 - -
23 - 10 - 1 10 - 10 - 1
Total 160 - 1154 - 23 100 1180 - 10
Average 1.00 - | 1154 - 02 1.00 - 11.80 - 0.1
IR68276 75 - 12 - - 88 - 12 - -
25 - 16 - 1 12 -1 10 - 1
Total 100 -] 11%0 - 25 100 - 1176 - 12
Aversge | 100 | - |11s0| - {02 too | - | 1176 | - | 61
1R68277 80 - 12 - - 91 - 12 - -
20 - 10 - 1 9 - 10 - 1
Total 100 - 1160 - 20 100 - 1182 - 19
Average 10O - 1 11.60 - 0.2 1.00 - 11.82 - 0.0
IR6B884 7% - 12 - - 89 - 12 - -
21 - 10 - 1 1§ - 10 - ]
Total 100 - 1158 - 2] 100 - 1178 - 11
Average | 1.00 1158 02 | 100 | - | 17 o1

*Total number of each umt of chromosome assocxatlon—the ob-
served number X no. of cells (those carrying that unit).

At metaphase 1 stage, the CMS line IR68276A exhibited
the highest number of meiocytes having one quadrivalent plus ten
bivalents with an average of 0.12 followed by IR68884A with an
average of 0.11, while the two CMS lines; IR67701A and
IR68277Awere found to have the lowest values; 0.10 and 0.09, re-
spectively. Such obtained data revealed that the four CMS lines
under study exhibited approximately similar frequencies of meio-
cytes having one tetravalents plus ten bivalents only as presented in
Figure (1d, e and f). On the other hand, the percentages of meio-
cytes having one quadrivalents plus ten bivalents were recorded to
be 12, 11, 10 and 9, respectively, for the CMS lines; IR68276A,
IR68884A, IR67701A and IR68277A as shown in Table (2).
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1-2- Number of lagging chromosomes:

As shown in Table (3) at anaphase stage, the two CMS lines
IR67701A, and IR68276A exhibited some. laggards that ranged
from one to two with an average of 0.22 and 0.25, respectively as
- shown in Figure (1 g, h, and j). However, the remaining two CMS
lines; IR68277A and TR68884A possessed only one laggard with
an average of .14 and 0.19, respectively.

At telophase 1 stage, the average numbers of laggards were
found to be 0.18, 0.21, 0.11 and 0.14, respectively, in the CMS
lines IR67701A, IR68276A, IR68277A and IR68884A (Flgm‘e (2a
and b).

Oun the other hand, only two CMS lines; IR67701A and
TR68276A possessed lagging chromosomes with an average of 0.14
and 0.16, respectively, at anaphase 1l stage. However, in the other
two CMS lines, only one laggard was recorded with an average of
0.07 for IR68277A and 0.10 for IR68884A (Figure 2. ¢, d, and ¢).

At telophase II stage, lagging chromosomes were observed
only in the CMS lines. In IR67701A, IR68276A, IR68277A, and
IR68884A CMS lines, 90%, 89%, 95% and 92% of the telophase 11
cells showed no laggards, while the remaining percentages were
counted to possess from one to two laggards with an average of
0.13, 0.14, 0.05, and 0.08, respectively, (Figure 2 f, g and h).

1-3- Number of micronuclei:

At quartet stage from one to two micronuclei were found in
the CMS lines (Table 3). The average number of micronuclei in the
CMS lines IR67701A and IR68276A were found to be (.06, and
0.07, respectively. However, in the IR68277A, and IR68884A
CMS lines, one micronuclei in their tetrad cells was observed with
average of 0.02, and 0.04, respectively, (Figure 21, j and k).
1-4-Number of microcytes:

At quartet stage, the four CMS lines showed only one mi-
crocyte with an average of 0.04, 0.05, 0.02 and 0.04, respectively,
whereas, 96%, 95%, 98% and 96% of their tetrad cells showed no
microcytes (Figure 2i, j and k). - :

1-5-Pollen grain viability:

Pollen grains were examined wnth respect to viability.
Round and darkly stained pollen grains were considered viable and
~ functional, however, the non -viable grains, non-functional, are the



61 Megeed, M.S. et al.

Firure® Photomicro, (=1 500) of the telophuse I anaphace 1, telophase I gud quariet sages of the genorypes under
study: (2} el ¢ I stage with one brgard chromosome, (b) tlophase I stage shows two lugudﬁog.ﬁsﬂ'wle
{c) amphase shows each cell ks perpendicalar position plus on= lagging chromosome in each one, () anzphate
I showes each cell takes perpendicular position plus two lagrardsin each one, () anaphase ¥ shows two bgrards
in each cell, (£) telophase T shows asynchronization, one st persists at anaphase If and the ofhes shows tri-pole
and lagganad st relophase (r) el H shows bridee plus three lagrards (1) telophase 1 shows mri-pole in one
plus reo Iageards and the otherc imrsﬂnehg;uds, ) quareet sape shows lasge microcyes and one of the
tetrad cellshas 2 micronnclei () quaretet sage shows a microcye in abnormal feshion, and (k) quartet szge shows
amicrocyte and a micromuclel



Table (3). Meiotic chromosome behavior at anaphase I, anaphase I, telophase I, telophase II, and quartet
stage, number and average of lagging chromosome and micronuclei for CMS lines.

Anaphase [ telophase | anaphase [l telophase I1 quartet
No. No. No. No. No, No. No. No. No. of No. of No. of No. of
Genotype of of of of of of of of tetrads | micronuclei | tetrads | microcytes
cells | la cells | lags | cells [ lags | cells | lags
IR67701A 34 - 87 - 89 - %0 - 96 “ 96 -
10 ! 8 1 8 1 7 1 2 1 4 1
6 2 5 2 3 2 3 2 2 2 - -
Total 100 22 100 18 100 14 100 13 100 6 100 4
Average 1.00 { €22 [ 100 { O.18 { 1.00 | G14 | 100 | 0.13 1.00 0.06 1.00 0.04
IRG6827T6A 82 - 85 - 89 - 89 - 95 ~ 95 -
f1 1 9 ] 6 1 8 1 3 1 5 1
7 2 [ 2 5 2 3 2 2 2 - -
Total 100 25 100 21 100 6 100 14 100 7 100 5
Average 1.00 ] 025 1 1.00 | 021 1.00 § 0.16 } 1.60 | 014 1.00 0.07 1.00 0.05
1R68277A 86 - 89 - 93 - 95 - 98 - o8 -
14 | 11 [ 7 I 5 1 2 1 2 1
Total 100 14 100 11 100 7 100 5 100 2 100 2
Average 1,007 0.14 § 1601 011 § 1.00 | 007 { 1.00 | 005 1.00 0.02 1.00 0.02
IR68884A 81 - 36 - 90 - 92 - "~ % - 96 -
19 i 14 1 10 ! 8 1 4 1 4 1
Total 160 19 100 14 100 10 100 8 100 4 100 4
Average 100 | 019 | 800 | 014 1 100 | 010 § 100 | 0.08 1.00 0.04 1.00 0.04

$00Z (DI€ “aug vpun say oLy

&9
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shriveled, or lightly stained ones.

Table (4) presents the total numbers and percentages of the
viable and aborted pollen grains for the four CMS lines, their main-
tainers, and the two Egyptian local cultivars. CMS lines IR67701A,
and IR68276A recorded 100% percentage of non-viable pollen
grains. In case of IR68277A and IR68884A; CMS lines, percent-
ages of non-viable pollen grains were 98.8 and 99.1, respectively.
On the contrary, the percentage of the non-viable pollen grains
were 1.8,2.2, 3.1, 2.5, 3.9, and 2.7, respectively.

Table (4). Total number and percentage of viable and abortive pol-
len grains of the four CMS lines, their maintainers and

the two local cultivators. .
Number of pollen grain Non-  vi-
Genotype Viable Non- viable Total able %
CMS lines:
1. IR67701A 0 1314 1314 100
2. IR68276A 0 2528 2528 100
3. IR68277A 24 1923 1947 98.8
4. IR68884A 18 1920 1938 99.1
Maintainer lines:
1. IR67701B 1506 28 1534 1.8
2. IR68276B 1675 38 1713 2.2
3. IR68277B 1257 41 1298 3.1
4. IR68884B 1577 41 1618 2.5
Local cultivars; .

1. Gizal77 1002 14 1016 3.9
2. Gizal 81 - 1238 35 1273 2.7

Concerning the cytological studies on the cytoplasmic male
sterile of rice, no detailed research work has been reported on this
subject. Laser and Lersten (1972) enumerated the crops on which
the process of pollen abortion in male sterile lines were cytologi-
cally studied between 1925 and 1972; rice was not included. Shin-
jyo (1972) published a cytological study of pollen abortion in male
sterile rice that same year. China began research on pollen abortion
in male sterile rice in 1971, when breeding of CMS lines, main-
tainer lines and restorer lines was under way. By 1985, an esti-
mated 36 male sterile lines of rice from 14 different cytoplasmic
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sources had been studied (Yin and De- Sheng, 1985).
2-Electrophoresis of esterase and peroxidase isoZymes:

In this study, an attempt was made to assess the variation of
number and activity of the esterase and peroxidase isozyme pat-
terns in the leaf crude extract of all rice lines under investigation.

Electrophoresis analysis for both esterase and peroxidase
isozymes of the CMS lines showed variations in both number as
well as activity of bands compared with their maintainer lines and
the two local cultivars (Figure 3 and b, and Table 5). These results
are reflecting the variation between the CMS lines, which may be
due to the changes occurred in the genetic background of each one
of them. These results were also true for the maintainers and the
local cultivars. On the other hand, the variation between the CMS
lines and their maintainers seems to be a reflection of the changes
in the gene expression in these lines.

With respect to the esterase zymograms, all CMS lines,
their maintainer lines, and the two local cultivars were found to be
distributed in three zones (Table, 5 and Figure, 3a). The first zone,
showed to possess two low intensity bands, bands no 1 and 2. In
the second zone, however, there were five bands of numbers 3, 4,
5, 6, and 7, which were found to migrate faster. The bands no. 5
and 6 were higher in intensity than the other bands. On the other

" hand, band no. 7 was the lowest one. There were two bands ob-
served in the third zone, no. 8, and 9, which were faster and their
intensities were higher than that of all the other bands in the first or
the second zone.

When comparing the activity and number of bands of the
isozyme among the genotypes under study, it could be postulated
that the highest activity in the first zone was detected for all the
maintainer lines and the CMS line IR68276A, followed by the
other two CMS lines; IR67701A, IR68277A, and the two local cul-’
tivars Gizal8l, and Gizal77. In the second zone, however, the
band no. 7 was detected only in the two local cultivars Gizal81, |
and Gizal77, and the maintainer line, IR67701B, while, it was ab-
sent in all the CMS lines and the rest of maintainers. All the main-
tainers and the local cultivar Gizal81 showed the highest activity
comparing to the CMS lines and the other local cultivar Gizal77.
In the third zone, however, Gizal77; the local cultivar, and the
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CMS line IR68884A exhibited only one band; (no.9), while all the
other lines possessed two bands. The maintainer Jine IR67701B had
the highest activity for band no.8 comparing to the other lines. The
CMS lines and the local cultivars expressed lower activity than the
maintainers did.

The analysis of peroxidase isozyme patterns, in the CMS
lines, their maintainers and the two local cultivars, revealed that all
these entries possessed nine to ten bands (Table 5, and Figure 3b),
and they showed different degrees of activities. These peroxidase
bands were distributed in four zones. In the first zone there were
three bands; no 1, 2, and 3. All these three bands were observed in
all the entries under investigation except for the CMS line,
IR67701A, which had only two bands; no. 1 and 2. Alse this CMS
line showed the lowest activity for band no.2. There was also varia-
tion in activity for band no. 3, which showed lower activity in the
other three CMS lines, IR68276A, IR68277A and IR68884A. Also
in the second zone four bands were detected, no. 4, 5, 6 and 7. Each
one of the studied genotypes was found to possess three bands with
noticeable differences in their intensities. Band no 5 was only de-
tected in the local cultivar Gizal77 but it was absent in all the other
lines. On the other hand, this local cultivar was the only line, which
did not possess band no. 4. The CMS line IR67701A had the lowest
activity for the other three bands; no 4, 6 and 7, which showed the
highest activity only among the maintainer lines IR67701B,
IR68276B, IR68277B and IR68884B. In the third zone, all of en-
tries possessed two bands, no. 8, and 9, and their activities were
different in each one of them. Again the maintainer lines and the
local cultivar Gizal81, expressed the highest activity for these two
bands, (no 8 and 9). Also in the fourth zone, two bands were de-
tecied for all entries and they were numbered 10, and 11 with some
differences in their activity. For these two bands, the maintainer
lines and the two local cultivars showed the same trend while they
had the higher activity.

Comparisons of either isozyme activity or number of bands
considering all entries revealed that all of them were similar for the
band no. 1. the same was true for the band no.2 except for
IR67701A; the CMS line, that had the lowest intensity., On the
other hand. band no. 3 was lost in IR67701 A and al! the rest of the
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Table (5). Description of esterase and peroxidase isozyme patterns of the ten genotypes understudy.
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(a) ®
Figure 3. Isozyme zymogram of (a)esterase and (b) peroxldase for different geno-
' types under study. 1-Gizal88, 2-Gizal77, 3-IR68884B, 4- IR688844, 5-
IR68277B, 6-IR68277A, 7-IR68276B, 8- IR68276A, 9- IR67701B and
10-IR67701A.

CMS lines showed lower actlvﬂy than the maintainer hnes, Whlch
showed higher activity.

The band no. 5 was detected only in Gizal77 and band no. 7
was similar in all the entries, however, the bands no. 4, and 6 showed
the highest activity in maintainers and Gizal81 than the CMS lines.
Band no 4 was not detected in the local cultivar Gizal77. In the third
zone, ali the CMS lines and Gizal77 had the lowest activity comparing
to the maintainers and the local cultivar Gizal81. Meanwhile, in the
fourth zone the maintainers and the local cultivars showed the highest
intensities comparing to the CMS lines. '

These resuits are in agreement with those obtained by Ron-
goian (1988), and Xiaobang and Zebing (1989) who suggested that
there were differences in the activity and number of bands between
CMS lines, maintainers and restorer lines. They suggested. also, that
these variations might be a reflection of cytoplasmic effects on male
sterile phenomenon.

- Li er al. (1982) studied the relation between isozymes and het-
erosis in rice. They found that the hybrid combination whose Fy had
dominant complementary bands in the esterase isozyme was closely
associated with the expression of heterosis. They added that, the zy-
mogram of the F; of a strong hybrid combination is the complement of
extraordinary enzyme bands of both parents.

The complementary enzyme bands may be used as one of the
biochemical indicators for predicting heterosis. As the esterase
isozyme of the F; has complementary enzyme bands, which differ
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from the zymogram of its parents, this characteristic has been used in
China to do preliminary evaluation of the purity of hybrid seeds. Yi et
al. (1984) showed that both the cytoplasm and the nucleus of the par-
ents influenced the zymogram pattern of the hybnid. Also they con-
cluded that esterase isozyme patterns could be used as a biochemical
marker for the predication of hybrid vigor in breeding.

A number of complementary high activity peroxidase enzyme
bands was observed in the F; of some combinations with good hetero-
sis (Zhou ef al., 1988 and Xiaobang and Zebing, 1989).

The observed isozyme variations between the CMS lines and
their maintainers confirmed the using of zymograms variations as indi-
cator for the CMS lines. The results obtained for the morphological
characters (Megeed et al., 2004) agreed well with those obtained from
the isozyme variations, that the CMS lines are having lower estimates
than all the other lines. Xiaobang and Zebing (1989) also derived these
conclusions.

The results obtained previously by Megeed et al. (2004) and
the data of the isozymes analysis as well as the cytogenetical analysis
revealed that the CMS lines could be compared with, and also be dis-
tinguished from, their maintainers. =~
... .- These resuits confirmed that the two CMS lines IR67701A and
TR68276A had higher variations than the other CMS lines and these
variations may cause.a reductlon in yleld components (Megeed et al.,
2004).
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