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ABSTRACT

The cytoplasmic-genetic male sterility (CMS) system has been the
cornerstone of hybrid breeding world-wide. Maintaining genetic diversity
in CMS germplasm is essential for reducing genetic vulncrability and
increasing the likelihood of developing heterotic combinations Using CMS
lines from different cytosterility sources gave a broad range of diversity in
currently-used local hybrid rice germplasmi In this study, RAPD and
isozyme markers were employed to study the genetic variatior: among four
diverse CMS and three Egyptian restorer elite parental lines widely used in
hybrid rice breeding programs in Egypt. However, the reiationship of
genetic variation with hybrid performance and heterosis ‘was studied.
Results of this study could be used to expedite the development of
genetically diverse and heterotic rice hybrids in Egypt.

DNA from four diverse groups of rice plants seiected (each
comprising the male sterile, the restorer and F; hybrid) has been extracted
and amplified by PCR with different 15 mer random DNA priiners (RAPD
analysis). Then, DNA has been analyzed by agarose gel electrophoresis and
DNA bands scored as present or absent. Out of used five arbitrary 15 mer
primers, four were identified and detected polymorphism. The primer Cat
No. 9050309 (5 GTG GGA ATG TGG GCT 3) showed higher amplified
DNA bands in the different genotypes. Two major amplified baads, <2600
bp and = 2100 bp appeared in the restorer parents, Giza 178 R and Giza 181
R while, the same band was absent in all CMS lines and Giza 182 R. One
band of primer Cat No. 9050322 with 700 bp was detected only in the
restorers parents Giza 178 R and Giza 182 R while the same band was
absent in parent Giza 181 R.

Esterase and peroxidase isozymes analysis could >e used as
biochemical genetic marker among the parental lines and their F; hybrid
combinations. '
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Tte bands No. 5, 6 and 7 for esterase and bands No. 1, 4, 5, 6 and 10
for peroxidase were showed different and varied from genotype to another
for strength and larger width of bands. Band No. 7 was stained strongly and
confirmec| expression of esterase bands. Therefore, the results revealed that
there are many types of bands indicators for heterosis in rice, the

complementary band type is considered the most important.

INTRODUCTION

E:ploitation of heterosis in F; hybrid producing by crossing
genetically divergent pure lines is a well recognized tool to increase yield
(Frankel, 1983). As successfully demonstrated in the People’s Republic of
China, hybrid rice technology appears to be a feasible and readily available
option for raising the yield potential. In China, the area planted to hybrid
rice is around 15 million hectares, which constitutes about 50% of the total
rice area (Jirong, 2000). However, it is being adopted by more than 20 rice
growing countries (Yuan, 2001). S

CMS is widely used for hybrid rice breeding (Yuan and Virmani,
1988). Idybrid rice is developed by using three lines, cytoplasmic male
sterile lire, maintainer and restorer lines. Therefore, breeding of the three
lines is leborious and time-consuming.

Prediction of heterosis is interesting to breeders of crops like rice
and maize in which hybrids are commercially important. Screening
combinalions for superior F, performance and strong heterosis is the most
costly and time-consuming process in hybrid rice breeding programs. If a
simple, ¢fficient, inexpensive and reliable method could be used to predict
heterosis prior to expensive field testing, much of field work associated with
making crosses and field evaluation would be eliminated and hybrid rice
breeding programs would be accelerated (Xiao, 1996). Major advances
have becn made in DNA marker technology in rice during the last few
years. .A number of genes for resistance to diseases insects and other
agronomic traits such as photoperiod sensitivity, wide compatibility, aroma
and male sterility, have been tagged with DNA markers (Nguyen, 1998).
Moleculir markers are becoming useful in facilitating plant breeding. The
identification of molecular markers that are closely linked to genes of
agronamic importance represent an important step toward increasing the
efficicicy of selection in breeding (Zhang et al.; 1997). Recent studies have
indicatec| that RAPD markers (random amplified polymorphic DNA) are a
powerfu.. technique to detect polymorphism in DNA sequence for analysis
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and determining the genetic relationships among rice cultivars (Williams
et al., 1990). Markers are identified using arbitrary primers and allow the
quick construction of genetic maps for any plant species or saturation of
specific genomic regions with molecular markers (Martin e ¢J., 1991 and
Micheli and Bova, 1997).

The polymerase chain reaction (PCR) provides a simpler, faster,
safer and less expensive means for genome analysis compared with RFLPs.
A single short oligonucleotide primer can amplify specific sequences of
genomic DNA through PCR. Randomly amplified polymorphic DNA
sequences (RAPDs) obtained by the use of random oligonuclec tide primers
in PCR have been extensively used as molecular markers for t: gging genes
(Borokova et al., 1995; Chunwongse et al., 1994; Martin ef al., 1991 and
Ronald et al., 1992). Saturating existing molecular maps (Giovznnoni et al.,
1991), constructing molecular maps (Lefebvre et al., 1995 and Link et al.,
1995). l

Isoenzymes refers to multiple forms of a single enzyme, identical in
properties and catalytic action, but different in molecular structure of
protein. The enzyme is genetically controlled and is a bridge be :ween genes
and characters (Deng Hongde, 1988). Since Schwartz (196C) first used
isoenzymes to study heterosis in maize, isoenzymes have teen widely
applied in genetics and biochemistry. Isoenzymes are consicered useful
biochemical markers in genetic and plant breeding research (W estphal and
Wrick, 1989). -

In the study presented here, RAPD and isozyme m:rkers were
employed to study the genetic variation among four diverse CMS and three
Egyptian restorer elite parental lines widely used in hybrid rice breeding
programs in Egypt. However, the relationship of genetic variation with
hybrid performance and heterosis was studied.

MATERIALS AND METHODS
Materials :
1. Plant Materials :

The plant materials for the study comprised 12 hybrids obtained
using line x tester fashion involving four diverse cytoplasmic male sterile
(CMS) lines, ie. IR 58025 A (Wild Abortive or WA Source) jrom IRRI,
G 46 A (Gambiaca Source), Large Stigma A (Kalinga Source) from China
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and IR 68885 A (Mutant Source) from IRRI as “Lines” and three Egyptian
restorers, viz., Giza 178 R, Giza 181 R and Giza 182 R as “testers”

. (Table 1).

Table (1). Cytoplasmic male sterile (CMS) and restorers lines
used for the experiment

Genotype Cytoplasm source origin
IR 58025 A Wild Abortive (WA) IRRI
G46 A Gambiaca China
Large Stigma A Kalinga China
IR 68885 A Mutant IR 62829 A IRRI
Giza178 R Restorer Egypt
Giza 181 R Restorer Egypt
Giza 182 R Restorer Egypt

Four sets of rice genotypes were used. Each set was composed by
two pure lines (a male sterile, and restorer lines) and by the F; hybrid
combination, as detailed in Table (2). All sterile lines were cytoplasmic-
nuclear, i.e. with one genetic factor controlling male sterility in the
cytoplasmic DNA and one or several pairs in the nucleus .

fable (2). Hybrid rice plants used for PCR and isozymes analysis

g' 8 gv . - .g . g P
£ 8 _ 25 £ _ 2% A g 2% £
Bl ZE S88 §8 | 5T | g2 | s£€ £€
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F E =g & =g & =g &
2 g g g
A | IR58025A | IR58025A/ | G. 178 R | IR 58025 A/ | G. 181R | IR 58025 A/ | G. 182R
Giza 178 R Giza 181 R Giza 182 R
G46A/ r73 G46A/ [13 G46A/ “
B | G46A | Gim178R Giza 181 R Giza 182 R
Larga St. A/ « Larga St. A/ « Larga St. A/ “
C | LargeSt A | 5n178R Giza 181R | - Giza 182 R
IR 63885 A/ ~ | IR68885A/ | . |IRG838SA/ | . .
D | IR6883IA | & 178 R Giza181R | Giza 182 R

Lareg St. A = Large Stigma A
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All the buﬁ'ers whxch used for 1solat10n and purifiration were the
same as in Sumbrook et al. (1989) and Van de Ven ei' al. (1990).

b) PCR reagents :

Ready to go PCR Beads (Amersham, Pharmaica Biotech. Cat.
No. 27-9555-01) were used for PCR technique. Each tube contained
all reagents except primer and template for performing 25 pl PCR
amplification reaction.

¢) Primers:

Five random primers 15-mer were used in this stuidy provided by
Gulf Biotech. laboratory. Table (3) listed the five random primers
and their nucleotide sequences.

Table (3). Nucleotide sequences of the five random primers

used in this study
No. Cat. No. Sequences
1 9050303 5 TGA GTG GTC TAC GIG 3
2 9050307 5 GTG GTT CTG AGG GAG 3
3 9050309 5 GTG GGA ATG TGG CCT 3
4 9050318 SCCTGACCCCCGTCAC3
5 9050322 5 AACCTCCCCCTGACC3

d) Electrophoresis and isozyme buffers :

Extraction buffers, tris borate buffer, monomer solution, gel
preparation and gel developing were carried out according to
El-Fadly et al. (1990) and Stegmann et al. (1989).
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2. Methods :

L DNA Isolation :
DNA. samples were extracted from fresh young leaves harvested

from four wi:eks old field plants according to Van de Ven et al. (1990). The
purity and concentration of the isolated DNA were determined at 260
and 280 rim wave length values (using Ultraspec 1000 UV/Vis
spectrophotd meter) and calculated according to Sumbrook et al. (1989).

II.  RAPD Technique :

Twerty ng from each purified genomic DNA and twelve ng of each
random primer (15 mer) were applied to PCR beads and completed to 25 pl
using sterile distilled water. The amplification protocol was carried out
according to Williams et al. (1990) using Techne (Genius) Thermal Cycler
as follows :

a) De ition at 95 °C for 5 min.
b) Thirty five cycle each consists of the following segments.

1. Denauration at 95 °C for one min.

2. Prim¢r annealing temperature calculated according to Qiagen
(1997) and it was increased for 5 °C above Tm value to
elimifiate the mismatching and undesired amplified bands.
Polynierization and extension at 72 °C for 3 min.

Hold at 4 °C till analysis.

W

The FCR products were electrophorated (using Hoefer HE 99 x Max
Submarine Electrophoresis unit) on 2% agarose and 1 x TBE buffer at
consistent 100 Volt for about four hr.

The (lifferent bands size were determined against 100 bp ladder
marker from Amersham Pharmcia Biotech Company. The separated bands
were stained | w1th ethedium promide and documented using both of Polaroid
Instant Camera and UV Transeliminator.

IIL. ImzﬂmAnnI!m

Electiophores:s was performed in vertical polyacrylamide gels as
discontinuoui; buffer system as described by Iglesias et al. (1974). The
detection tecliniques used for esterases and peroxidases were those reported

by Glaszmani1 (1987).
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RESULTS AND DISCUSSION

The selected rice genotypes of Table (2)| are genetically
homogeneous, i.e. that they do not show detectable glenomic variation
among seed of the same genotype. To verify this, DIVA was extracted
independently from leaflets of 10 individuals of each gepotypes (the same
method followed by Wang et al. (1994). In all cases, the RAPD fingerprints
produced with different primers were found to be 1dentlca]\(data not shown).
Therefore, successive analysis were performed routinely c}n DNA extracted

from leaves pooled from at least ten seedling of each genotype.

For identifying informative oligonucleotide prime¢rs for the RAPD
analysis, i.e. primers that could yield polymorphic bands ﬁ) the fingerprints
obtained with DNAs from the different rice genotypes selected belonging
the four diverse sets or groups of hybrid rice genotypes, listed in Tables
(1 and 2). Each included a male sterile line of diverse c)Ttostenhty source,
restorer line and their F; hybrid. _

Five random oligonucleotides were tested as prime&rs in the presence
of DNA from each genotype. A total of 44 different DNA bands was
produced by PCR amplification. Amplified DNA bands viried in size from
about 100 bp to < 2600 bp. Out of the 5 primers, four turnéd out to be
informative, i.e., to give at least 4 polymorphic bands. Th% high number of
co-migrating bands provided an internal control [0 monitor the
reproducibility of the amplification patterns. On the |other hand, the
polymorphic ones provided a key to genotype 1dent1ﬁcat10rL

Figure (1) show DNA fingerprints and the DN4, polymorphisms
obtained with 5 tested primers (9050303, 9050307, - 9050309, 9050318 and
9050322). Table (4) summarizes the relevant results by list ng 4 primers that
produced polymorphic bands. Sconng of these as present (+) or absent (-)
demonstrate that each of the tested rice genotype can be| recognized by a
unique banding pattern. Furthermore, bands from bpth parents are
confirmed to be present in the fingerprint of the hybrid. |

In this study the F, hybrids from crosses between fpur diverse CMS
lines and three of Egyptian restorer lines were used to identify the molecular
marker lmked to the restorer genes (RG).

\

Out of 5 arbitrary oligonucleotides primers which ujed for screening
polymorphism between the parental line of CMS and restorer lines, four
primers were identified and detected polymorphism (Tabie 4 and Fig. 1).
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Table (4). The 4 DNA random primers that produced the 23 polymorphic bands
used for identifying each of the 28 tested rice accessions

DNA primer Sequence from Number of bands in Size of A B c D
name the gel polymorphic -
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Fig. (I). Agarose gel electrophoresis of the DNA sequence obtained by PCR
amplification of the DNA prepared from 4 different groups of rice plants
(a, b, c and d) as a result of 5 random primers 15 mer.
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On the other hand, the rest primer 9050318(5 CCT GAC CCC CGT CAC 3)
showed monomorphic amplified bands since no differel nces could be
detected (Figure 1 Primer 4).

Figure (1 Primer 3) showed higher amplified DNA :in the different
genotypes as a result of primer 9050309 (5 GTG GGA AT TGG GCT 3)
application. Since it amplified 12 bands with 8 polymorphic bands. It is
clearly noticed that two major amplified bands, the first wa} < 2600 bp and
the other was ~ 2100 bp appeared in the restorer parents fiza 178 R and
Giza 181 R, but not in the restorer parent Giza 182 R and all CMS lines.

Figure (1 Primer 5) represents the resulted polymorphic bands from
primer 9050322 (5 AAC CTC CCC CTG ACC 3) since it detected
5 polymorphic bands from 8 amplified bands. One band with 700 bp was
detected in the restorer parent Giza 178 and Giza 182 but no} in Giza 181.

In the present study, may be one or two fragmeit represented a
single copy sequence obtained by using RAPD method and;showed linkage
with restore genes of Giza 178 R and Giza 181 R (pnm«;r 9050309) and
Giza 178 R and Giza 182 R (primer 9050322). :

Many studies have indicated RAPD analysis is powerful approach
by which to find DNA polymorphism and screening differences between
genomes (Xiao et al., 1996; Young and Cheng, 1998; Ki et al., 2000 and
Reddy et al., 2000). ,

The results showed that each of the rice genotype used for hybrid
production and the F; hybrid itself can be identified by th¢ selected RAPD
markers. However, the RAPDs of the heterozygous F, hybrid genome
always sum up the polymorphic bands of the homozygous parental lines.
This offers a conventional tool for parentage assignation of F; hybrid.

The RAPDs may be used to quantify the most favourable genetic
diversity among rice lines proposed for the production of teterosis. To this
purpose date obtained with a number of primers are now routinely used to
estimate the degree of dissimilarity among male sterile and restorer lines.
The relationship between the dissimilarity value produced rom RAPDs and
true genetic distance among rice cultivars remains to be ditermined (Wang
et al., 1994). Yu and Nguyen (1994) have already shown 'hat classification
of rice cultivars based on RAPD analysis 1s 1dent1chl to  previous
classification based on isozymes. - 1
\
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Isozyme analysis :

The present study as directed to identify if the esterase and
peroxidase isozymes could be used as biochemical genetic marker among
the four diverie cytoplasmic male ‘sterile lines (CMS) i.e., (IR 58025 A,
G 46 A, Larg: Stigma A and IR 6885 A), three Egyptian restorers, i.e.,
Giza 178 R, Giza 181 R and Giza 182 R and 'their F; hybrid combinations.

a)  Esterase:

Results presented in Figures (2 a,b,c and d) and Tables (5,6,7 and 8)
showed that tke variation in number, migration and density of bands for
esterase isozyme among the CMS, restorers and their F; hybrid
combinations. The results showed that among four CMS lines were used,
the G 46 A lire exhibited seven bands as a maximum number of esterase
isozyme bands. Since it gives two bands (No. 5 and No. 6) more than
Large Stigma A and IR 68885 A lines and one (No. 6) more than
IR 58025 A. Also, G 46 A line exhibited an intermediated band (No. 5)
which not fourd in the rest of CMS lines.

The resilts indicated that also the three restorer lines exhibited six
bands with diflerent activity since Giza 181 R exhibited higher activity in
the six band mcre than the other restorer lines.

Table (5). Description of esterase isozyme patterns of the CMS line IR 58025 A, the
igyptian restorers Giza 178 R, Giza 181 R and Giza 182 R and
their F, hybrid combinations

+++ Interinediate

++++ Strong

Genome type (A)
] < < e < o < -4
S| 8 |8 =2| 2|85 = |8 8| 8
E 8 § ¢ ™= v— 8 > v 2 g e 2 2
2 | @ g 8 |2 8| 8 |2 8/| &%
& g O o |2 © <) g 0O o
1 ++ ++ ++ ++ +++ ++ +
2 + + + + +++ + +
3 ++ ++ ++ + +4++ + ++
4 - | e | e | b -+ | At
-5 +++ +++ ++ +++ +4+ +4+ ++
$ - - . - - - -
Ni i+ -+ C+ 4+ +4++ -+ +++
j"_ggl 6 6 76 [ 6 . 6 6
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Table (6). Description of esterase isozyme patterns of the CMS line G 46 A, the
Egyptian restorers Giza 178 R, Giza 181 R and Giza 182 R and
their F, hybrid combinations

Band Genome type (B)
G46 A x G46 A x G456 A x —
No. | G46 A G.178 R G.178R G.181 R G.181R G. |82R G.182R
1 ++ ++ ++ ++ ++ H +
2 + + + + +H+ +
3 ++ +++ ++ ++ ++ ‘H ++
4 | et -+ -+ +H+- ++ -
5 +H+ +H+ ++ ++ +H+ e ++
6 ++ + - + - 44+ .
7 ++++ ++++ + ++++ -+ +H+ +++
Total 7 7 6 7 6 7 6
- Absent + Very weak ++ Weak
+++ Intermediate ++++ Strong +H++ Very strong

Table (7). Description of esterase isozyme patiernﬁ of the CMS line Large Stigma A,
the Egyptian restorers Giza 178 R, Giza 181 R and Giza 182 R and
their F, hybrid combinations

Genome type (C)
P P -4 -4 P -4 o P -
[ ] [} [} [ ] m
Bad | & | E o o [§ x| z |5 g| ¢
No. g ;‘;)*—. -t 6*—1 - g*_. -
AR IRN Y IR
3 3 3 3
1 + + ++ + +++ ++ +
2 + + + + +++ + +
3 ++ + ++ - +++ + ++
4 A+ | +++ B |
5 - - ++ - +++ ++F ++
6 - - - - - - -
7 -+ -+ + +4+ +H+++ 4+ 4+ -
Total 5 s 6 4 6 6 6
- Absent + Very weak ++ Wenk

+++ Intermediate ++++ Strong +++++ Very strong
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Table (8). Description of esterase isozyme patterns of the CMS line IR 68885 A, the
' Egyptian restorers Giza 178 R, Giza 181 R and Giza 182 R and
their F, hybrid combinations

- Genome type (D

« < & o < o -4 < o o

Band | 8 | 9-R| B |8 3| 8 |8 8| 8
NO. g g > ™ — g e ™ - 0 e ™ —
1% 8| 8|S 8] 8|8 8| 8

- - O < = © Qo - O O

1 + + ++ + +++ + +
2 + + + + +++ + +
3 + ++ ++ ++ +++ ++ ++

4 -+ -+ Ft | | | e

5 - - ++ - +++ - ++
6 - - - - - - -
7 4+ -+ + o+ | +H++ +++

[ Total | _ 5 5 6 5 6 5 6

- Absent + Very weak ++ Weak
+++ Intermediate ++++ Strong +++++ Very strong

Figure (2-a ) and Table (5) show the esterase isozyme patterns and
the degree 'of activities for each F1 hybrid combination descendant from the
crosses betwveen CMS line IR 58025 A and three restorer lines (Giza 178 R,
Giza 181 K. and Giza 182 R). These results revealed that all of the three
hybrids exhibited six bands like their parents. On the other hand, the
activities o:” the hybrid bands were similar to the female or CMS line with
the exception band No. 7 on both hybrids (IR 58025 A/Giza 178 R and
IR 58025 #\/Giza 182 R) and the band No. 5 in the hybrid (IR 58025 A/
Giza 181 R) which presented high activity.

Figure (2-b) and Table (6) also showed that all of the three hybrid
combinations resulted from the CMS line G 46 A with the three Egyptian
restorers, Giza 178 R, Giza 181 R and Giza 182 R exhibited one band more
than the restorer lines but like CMS line G 46 A, this band No. 6 was the .

_ .-same activily as well as most bands in the hybrids.

Figure (2-c) and Table (7) illustrate esterase isozyme patterns and
their intensity for large stigma A line and the three restorers and their F
hybrid compninations. The data indicated that all crosses were lower than
their parent.
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Fig. (2). Electrophoretic banding patterns-of 4 different groups of rice plants (a, b, ¢
and d) esterase isozymes.
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Figure (2-d) and Table (8) showed also that all the three hybrid
combinations, IR 68885 A/Giza 178 R, IR 68885 A/Giza 181 R and
IR 68885 A/Giza 182 R were exhibited the same number of bands like the
CMS line with a higher activity in bands No. 3 and 4.

Esterase visozymes of hybrid materials have been analyzed in the
leaves of secdlings. This study aims to identify specific hybrids for
heterosis breeding by isozyme analysis. The leaves were sampled from male
sterile lines (A), of different cytoplasmic sources, IR 58025 A, G 46 A,
Large Stigma A and IR 68885 A, Egyptian restorers lines Giza 178 R,
Giza 181 R and Giza 182 R and their hybrid combinations.

Polyacrylamid gel electrophoresis was used for esterase analysis. A
total of 7 bands were found and numbered from 1:A to 7 A according to
their decreasing mobilities (Table 9). Of these, 5 A, 6 A and 7 A bands
showed differsnt and varied from genotype to another for strength and
larger width of bands, and were called “characteristic bands”.

Observations of the three abovementioned bands in the cytoplasmic
male sterile lines (CMS), restorer lines ( R ) and their hybrids are shown in
Table (9). The CMS line IR 58025 A had two of the three bands, two CMS
lines namely, Large Stigma A and IR 68885 A had one of the three bands
and G 46 A had all the three bands. All the hybrids obtained from G 46 A
with th: three restorers Giza 178 R, .. Giza 181 R and Giza 182 R
(G 46 A/Giza |78 R, G 46 A/Giza 181 R and G 46 A/Giza 182 R) also
showed the three bands. However, the hybrids of IR 58025 A (with all the
three restorers lines (IR 58025 A/Giza 178 R, IR 58025 A/Giza 181 R
and IR 58025 A/Giza 182 R) had two of the three bands. The hybrids
IR 58025 A/Giza 178 R, G 46 A/Giza 178 R, IR.58025 A/Giza 181.R and
G 46 A/Giza 182 R performed well under field conditions and were found
promising ones with yield advantage of 2.243, 2.725, 2.850 and 2.950 t/ha,
respectively. However these hybrids showed also expression of esterase
bands. .

Table (9) shows all the hybrids with 7 A band only were stained
strongly . and confirmed expression of. esterase .bands. . Cytoplasmic
identifications of hybrids is difficult because of small chromosome size, and
identification by morphological characters is sometimes unreliable . The
Est isozyme sarzpled from leaves are stable and useful for identification
(Liuet al., 1992).
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Table (9). Identification of CMS, restorers, hybrid combinations and
expression of esterase hands 5A, 6A and 7A from leaves of

three week old seedling
Materials Cross | 5A | 6a | 7a | SHO%
or yield
IR 58025 A : Female +H+ - +++
G46 A Female ++ +++ -+
Large Stigma A Female - - +H
IR 68885 A Female - - -
IR 58025 A/Giza 178 R F, +H+ - +H++ 21.63**
G 46 A/Giza 178 R F, © ++ -+ 25.71**
Large Stigma A/Giza 178 R | F, - - ++H+
IR 68885 A/Giza 178 R F, - - -+ 12.74*+
Giza 178 R Male ++ - +
IR 58025 A/Giza 181 R F, ++++ - - 26.89**
G46 A/Giza 181 R - F, ++ +H+ -+ 6.84
Large Stigma A/Giza 181 R | F, - - ++ -26.85**
IR 68885 A/Giza 181 R F, - - -+ 20.28**
Giza 181 R Male ++ - AR el
IR 58025 A/Giza 182 R F, ++ - +H++ -12.73+
G 46 A/Giza 182 R F, + +H+ - 27.83**
Large Stigma A/Giza 182R | F, +H+ - - -10.75
IR 68885 A/Giza 182 R F, - - +++ -21.22%+
Giza 182R Male + - ++
- Absent + Very weak ++ Weak
+++ Intermediate ++++ Strong +++H++ Very strong

** Best hybrid combinations with high standard heterosis for grain yield

b) Peroxidase :

Variation in number and activity of bands are shown in Figures (3a,
3b, 3¢ and 3d) and Tables (10, 11, 12, 13 and 14) for the peroxidase. The
results showed that sub-patterns were observed among the different tested
genotypes. These sub-patterns have specific bands which were proven to
may be associated with maternal effect of cytoplasmic male sterile line,
paternal effect of restorer line and also may be the heterosis effect of hybrid
combinations, but these differ from genotype to another under this study.
Six bands (distributed in two groups, slow and fast mobility) were detected -
ui the tables for two CMS lines, IR 58025 A (WA), Large Stigma A
(Kalinga), four bands for G 46 A (Gumbiaca) and seven bands for
IR 68885 A (mutant).
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Fig. (3). Electrophoretic banding patterns of 4 different groups of rice plants
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Many scientists have studied the relation between isozymes and
heterosis in rice. They found that the hybrid combination whose F;
dominant complementary bands in the esterase isozymes was closely
associated with expression of heterosis (Li ef al., 1982). That is, the
enzymogram of the F; of a strong hybrid combination is predominantly the
complemented 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 from the zymogram of its
parents, this characteristic has been used in China to do preliminary
evaluation of the purity of hybrid seeds (Deng Hondge, 1988). Yi (1981)
showed that biological heterosis and economic heterosis are caused by the
respective complementary bands at different loci (the former is complement
of 3A with 6A, and. the latter is a complement of 5A with 6A). Many
scientists studied also the correlation of the peroxidase isoenzyme with
heterosis in hybrid rice. In the F; of some combinations with good
heterosis a number of complementary enzyme bands with high activity
were observed. Meanwhile, new bands were found in the F| of other
combinations with good heterosis. They considered this phenomenon as
another zymogram indicator (besides the complementary bands) for
expression of heterosis (Li ef al., 1982).

From this study the relation between the isoenzyme of hybrid rice
and heterosis show that complementation is an important biochemical
indicator for heterosis, but not all combinations of complementary bands
type exhibit heterosis (Tables 9 and 14). Heterosis is also expressed in the
combinations of noncomplementary band type. The results revealed that
there are many types of band indicators for heterosis in rice complementary
band type, dominant band type, heterozygous band type, and distinctive
band types (Tables from 5 to 14) and Figs. (2 and 3). The complementary
band type, is considered the most important (Deng and Wang, 1984).
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Table (10). Description of peroxidase isozyme patterns of the CMS line IR 58025 A,
the Egyptian restorers Giza 178 R, Giza 181 R and Giza 182 R and
their Fy hybrid combinations

Genome type (A)
Band : :. (-4 -4 < o -4 < -4
n [- -] wv - — w) o~ o~
N | 8| ExE g S.2) 8 2.8 8
< 23| 3 |2°al a (23| 3
B g © © |%¥ D| © | ¥ O o
1 - - +++ - - - ++
2 AR -+ AR | | A+
3 4+ +4+ A+ -+ R -+ 4+
4 - - +HH+ - +H++ - -
5 ++ ++ - +H+ - ++ +H+
6 + + ++ . -. ++ - +
7 + + + - + - +
8 - - +++ - ++ - S+
9 ++ ++ -+ + -+ ++ R
10 - - + - - - -
Total 6 6 9 4 7 4 8
- Absent + Very weak + Weak
+++ Intermediate ++++ Strong +++++ Very strong

Table (11). Description of peroxidase isozyme patterns of the CMS line G 46 A, the
Egyptian restorers Giza 178 R, Giza 181 R and Giza 182 R and their. F, hybrid
combinations

Genome type (B)
Bald < < “ - < - = < o o
o 8] 8§ v 8§ 8 |o § 8
Qo Q o 1] 1<) <]
1 - - +H+ - - - +HH+
2 | - +H+ +HH - +HH+
3 | - +HH+ -+ +HH -
4 - - -+ - -+ ++H+ -
5 ++ + - ++ - - ++
6 - - ++ - ++ ++ ++
7 - - ++ - + + +
8 - - +++ - ++ + ++
9 ++ ++ -+ + +++ ++ +++
10 - + + - - + -
Total 4. ] 9 4 7 ! 8 8
- Absent + Very weak ++ Weak

+++ Intermediate ++++ Strong +++++ Very strong
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Table (12). Description of peroxidase isozyme patterns of the CMS line
Large Stigma A, the Egyptian restorers Giza 178 R, Giza 181 R
and Giza 182 R and their F, hybrid combinations

Genome type (C)
B F i« P =
[} [ 1
soa | B |E S| 2 |E2| 5 | B2l &
No. S E - Fwn= - Zu= -
e s 8 3 s 8 8 s 8 8
2 2 O G 20 0 2 O o
2 - 3 -
1 - - A+ - - - +++
2 -+ -+ et S+ i+t -+ -+
3 4+ -+ 4 -+ R -+ +H
4 ++ ++ 4+ ++ -+ + -
5 + + - + - - +++
6 - - ++ - + - ++
7 - - ++ - + - +
8 + + -+ - + + ++
9 ++ ++ 4+ + A+ + ++
10 - - + - - - -
L _Total 6 6 9 ] 5 38
~ Absent + Very weak + Weak
+++ Intermediate ++++ Strong +++++ Very strong

Table (13). Description of peroxidase isozyme patterns of the CMS line IR 63885 A,
the Egyptian restorers Giza 178 R, Giza 181 R and Giza 182 R
and their F, hybrid combinations

Genome type (D)
< < ¢t [- 4 < (-1 < of [- 4
Band W w ® ® e = = v o )
No. g § ng -S § » -5 5 g » E E
& £ D o € © O £ ° )
1 - - +++ - - - +++
2 -+ +H++ - +H++ 4 4+ -
3 +H+ 4+ A+ -+ +H+ -+ b
4 +H+ +H +++ +H+ -+ +++ -
5 - . - - - - +++
6 ++ ++ ++ + ++ + +
7 + + ++ + + + +
8 +—+ ++ ++ + ++ ++ ++
9 ++ ++ ++ ++ +H+ ++ +++
10 - + + - - - -
L _Total 7 8 9 7 7 7 3
- Absent + Very weak ++ Weak

+++ Intermediate ++++ Strong ' . +++++ Very strong
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Table (14). Identification of CMS (female), restorers (male), hybrid combinations and
expression of peroxidase bands IA, 4A, SA, 6A and 10A from

leaves of three week old seedling
SH% over
Materials Cross | 1A 4A SA | 6A | 10A | bestlocal
check**
IR 58025 A Female - - +H+ + - -
G46 A Female - - ++ - - -
Large Stigma A Female - + + - - -
IR 68885 A Female - +H+ - ++ - -
IR 58025 A/Giza 178 R F, - - -+ + - 21.63%+*
G46 A/Giza 178 R F, - - + - + 25.71%*
Large Stigma A/Giza 178 R | F, - + + - - 0.00
IR 68885 A/Giza 178 R F - ++ - +H |-+ 12.74%+.
Giza 178 R Male ++ | - + + -

1 IR 58025 A/Giza 181 R F, - - -+ - - | 26.89*%*
G 46 A/Giza 181 R F, - - ++ - - 6.84
Large Stigma A/Giza 181 R | F, - + + - - -26.85**
IR 68885 A/Giza 181 R F, - +H+ - + - 20.28**
Giza 181 R Male - +++ - + - -

IR 58025 A/Giza 182 R F - - +++ - - -12.73%+
G 46 A/Giza 182 R F, - +++ - ++ + 27.83%*
Large Stigma A/Giza 182R | F, - + - - - -10.75*
IR 68885 A/Giza 182 R F, - +H+ - + - -21.22%*
Giza 182 R Male +++ - -+ |+ [ - -

- Absent + Very weak ++ Weak

+++ Intermediate ++++ Strong +++++ Very strong

** Best hybrid combinations with high standard heterosis (SH%) for grain yield over best
local check inbred variety Giza 178
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