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ABSTRACT

Three field experiments were carried out at Maryout, Ras-Sudr and EL-
Maghara Stations, Desert Research Center, 2003 growing season to study the
genetic behavior of nine sorghum genctypes of the Mio generation far the severity
and incidence of leaf spol disease as well as to compare the fresh and dry forage
yield with the parenial cullivar (Giza-1). isozymes (polyphenol oxidase and
peroxidase) banding patterns and RAPD-PCR markers were used to genetically
identify the genotypes studied for disease resistance. The results obtained revealed
that genotypes differ significantly for forage vield at the three locations, however, the
genotypes M16, M48, M32 and M43 gave a significant trend for fresh and dry forage
yield compared with the parent cultivar (Giza-1}). On the other hand, the resuits
showed that genolype M -2 was the most resistant one for fungi disease severity if
compare to the parent cultivar (Giza-1) and the other genotypes among the three field
experiments. Also. the results revealed that different gene expression levels in the
banding patterns when isozymes, which related to disease severity. For RAPD-PCR
analysis, six random arbitrary primers were used; the results showed that there are
polygenetic relationships between the studied genotypes.

Generally, the biochemical and molecular genetic analysis used in the
present study successfully distinguished the fungi disease resistance genolypes of
Sorghum bicolor L.

Ke weords: Sorghum genotypes, Mutations, Heritability, lsozymes, RAPD- PCR,
Fungi disease.

INTRODUCTION

There is shortage in production of annual forage crops which are
needed to secure better nutritional requirements of the farm animals in Egypt.
The main deficit in livestock requirements is mainly due to the inadequacy of
green forage during summer season, Sorghum bicolor L. is one of the most
important summer forage crops especially in reclaimed and desert areas.
Because of its relatively low vield when grown under stresses, a rapid
improvement in the yiglding could be gained by using the mutation treeding.

Genetic information in sorghum is not extensive as in corn, wheat, or
barley, however, genetic studies of interest to the breeders have been made
on disease resistance .In this respect, its vulnerable to a number of plant
diseases including a few foliar diseases, particularly those caused by
pathogenic fungi. Sorghum is attacked with some diseases; the most
important of them is Helminthosporium leaf biight winch caused by the fungus
Bipolaris maydis (Nisikado & Miyake) Shoemaker, teleomaorph. This fungus
can cause a major foliar disease in sorghum in Egypt, El- shafey (1970).
Although some chemicals are effected in managing plant diseases, the use of
chemicals had become a subject to public concern and scrutiny, This is
because of the potential harmful effect of chemicals on the environment,
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genetic resistance to pesticides. The need for developing non—chemical
method to disease management is clearly obvious, Delp (1987) .Therefore,
sorghum breeders must be aware of the diseases and to give an attention to
them in their breeding programs.

The safest and the most effective approaches for managing plant
disease is the use of resistance cultivars. The genetic basis of susceptibility
to leaf blight is well known and plants resistant to it are widely available and
constitute the first line of defense.

During recent decades genetic investigations were urgently need to
understand the genetic behavior of the cultivated crops in relation to
ecological stresses, Blum {1979) and Jordan and Miller (1980). This could be
achieved by studying some biological genetic fingerprints, i.e. isozyme
variations and RAPD-PCR.

The main objective of this investigation was to study the performance
of some new mutant fines (Myq-generation) as regard to the forage yield and
some fungi disease in comparison with local cultivars (Giza-1) under three
different environments, to determined the best genotype which could be
used as a new line to grown under these environments depending on the
genetic information.

MATERIALS AND METHODS

MATERIALS

After nine years from single or individual plant selection during sorghum
breeding program by using physical and chemical mutagens. Nine promising
genotypes were obtained and classified into three groups; [) induced from
physical mutagens (y rays) ; M) induced from chemical mutagens (E.A.T.)
and Wl ) induced from compound mutagens representing the mutants ( M-2,
M-15 , M-16 and M-17 ), (M- 26 and M- 28) and (M- 32, M-43 and M-48) ,
respectively . The selected mutants as well as parent cultivar (Giza-1) were
used to study their genetic behavior after infected them with Fungi disease.
To realize this aim the following studies were achieved.

Field experiments:

Three experiments were carried out at the experimental farms of Desert
Research Center at Maryout, El-Maghara and Ras-Sudr stations, 2003
growing season to estimate fresh and dry forage yields of this nine mutants
compared with the parent cultivar (Giza- 1) at the Mj, generation for the
severity and incidence of leaf spot disease.

All genotypes were sown at the first week of May 2003 in randomized
complete block design with three replications. Three cuts were taken after 55,
105 and 155 days from sowing date from all locations except Ras-Suder,
where two cuts were taken, yield of square meter was used to estimate
forage yield.

Some chemical and physical analyses of soil and irrigation water of the
three experimental stations were carried out, (Table 1).
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Table (1): Some chemical and physical analyses of soil and irrigation
water of the three experimental stations .

Cations melL Anlons mefl _'
Locati T EC H | CaCQ, Textural
ocations |TYPeS | gem*| P | ca** Mg~ | Na* | K" |HCOy| cr |so| % | Class |
| Soil | s | , [ o4 ;
Maryout | (0.30) 4.80 7.7 |17.3 9.22 (3065 1.09 36 | 3200|2286 24.0 iy
b Water| 352 | 7.5 |7.02|8.03[17.33] 0.42 | 9.33 [16.44|6.87 [ -— | clay |
El- Soll | 69 |7.4|400/150]3.30]0.15] 1.80 | 520 | 1.95] 11.7 | f
Maghara (054) : Sand
Water [ 4.06 [8.4 [114]348(246[ 069 | 440 [32.20(357 | —— |
Soil
: 9 |4 ;
Ras-Sudr | (0-30) 7.78 | 7.7 | 16.8 |10 80i 4831 19 | 119 14580 20.1 |42.80| o0
(Water | 6.35 | 7.6 [18.9[ 540 [374 [ 0.29 | 1.60 | 44.5615.85| -—— | loam

Data analysis:

Data were subjected to proper statistical analysis. according to
Snedecor and Cochran (1967) for comparison betlween means, Duncan's
multiple range test was also used (Duncan 1855).

Disease experiment:

Helminthosporium leaf blight caused by the fungus Helminthosporium
maydi was estimated. The reaction in the field was observed during growth
stage and the percentage of infection was estimated in each of the three
replicates on ten plants for each mutant line. Also, the score of disease index
(severity of infection) was estimated according to Khan and Boyd (1969).

Disease index calculation was done as proposed by Scott and Hollins,
(1974).
(Oxa)+(1xb)+(2xc)+(3xd)+
Disease index = atbh+c+d+ ..

Where a, b, ¢, d and , are the numbers of plants which fall in the score of
infection categories 0, 1, 2, 3 and , respectively.

Genetlc analysis:
The studied nine mutants and the parent cultivar (Glza 1) were
subjected to the following genelic analysis:-

lsozymes electrophoresis:

Two isozymes i.e., poly-phenol oxidase and peroxidase were
extracted from plant samples and polyacrylamide gel electrophoresis was
carried out according to the method described by Garkova et al. (2000).
Paly-phenc! oxidase was stained accerding to Butron and Kirchmann (1897)
and peroxidase was stzined as the method given by Graham et af,, (1964).

Gel analysis:

All gels resulted from isoczyme electrophoresis were scanned using
Gel Doc-2001 Bio-Rad system. The densitometric scanring of the bands was
performed on three direction characters. Each band is recognized by its
length, width and intensity. Accordingly, relative amount of each band
guantity could be measured and scored.
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RAPD-PCR:

DNA was extracted according to EI-Fiky et al,, (2002). DNA quantification
involves the wuse of UV- spectrophotometers. Spectrophotomtric
measurement indicates the amount of Ultraviolet irradiation absorbed by the
bases of the nucleic acid Sambrook et al, (19838). Five Operon random
primers, Table (2) were applied. PCR reactions were conducted according to
Williams ef al., {1990). The reaction conditions were optimized and mixtures
(25-pl total volumes) were composed of dNTPs (200 uM), MgCi2 (1.5 mM),
1X buffer, primer (0.2uM), DNA {100ng), Promega Taq DNA polymerase
(2unit). Negative control was included in which all the ingredients were
present except template DNA. Amplification was carried out in a thermocycler
(UNCQCII), Biometra programmed for 95°C for 5 min (one cycle), followed by
94°C for 1 min, 36°C for 1 min and 72°C for 2 min (45 cycles) 72°C for 5 min
{ong cycle), then 4°C (infinitive). Amplification products (7pl) were mixed with
3ul loading buffer and separated on 1.5% agarose gel and stained with 0.5
ug/ml ethidium bromide, and visualized with ultraviolet light sizes were
determined by comparisons with the 1kb DNA ladder marker (Promega inc
and photographed by Gel documentation system (Bio-RAD.,GEL Doc
Analyze 2000 ).

Marker nomenciature:
Each RAPD-PCR marker was named by the primer used and DNA
fragment size in base pairs (bp) are shown in (Table 2).

Table {2): Six Operon random primers used and sequences

Primer code Sequences §' ~—-------e- 3
OPO3 CTGTTGCTAC
OPO4 AAG TCC GCTC
OPO6 CCA CGG GAA G

[OPO7 - CAG CACTGAC
OPO10 TCA GAG CGC C
L OPO13 GTC AGAGTCC

RESULTS AND DISCUSSIONS

Fleld studies:

Data presented in Table (3) indicated that genotype mean squares
were highly significant for fresh and dry forage vield per feddan in the all cuts,
indicating that these genotypes differ in their genetic potential for forage yield.
Such variability among different sorghum genotypes in forage yield was also
reported by El-Hosary et al., (1995) and Omar (1999).

The mean performances of mutant lines as well as (Giza-1) cultivar
for forage yield are presented in Table (4). Data revealed that genotypes
were significantly differed for fresh and dry forage yield for each cutting as
well as total forage yield at the three locations. The decreased of fresh and
dry forage yield for all cuts and total forage yield in Ras-Sudr location is due
to the increasing salinity of soil and irrigation water compared with the two
other locations (Table -1) because the salinity causes injury and stunting of
plants.

2992



J Agric. Sci. Mansoura Univ., 29 (6) June, 2004

The data also show clearly that the average total fresh yield of Maryout
location in general varied from 43.196 ton/fed for M-26 to 64.438 ton/fed for
M- 32. Meanwhile, the average dry forage yield ranged from 14.876 ton /fed
for M-26 to 22.541 ton /fed for M-48. Therefore, the genctypes M- 48 and M-
32 were considered out yielded from {Giza-1) cultivar in dry forage yield.

The highest values for fresh and dry forage yield at El-Maghara location
were obtained by the genotypes M-16 and M-32 which were out vielded from
Giza-1 cultivar.

At Ras-Sudr location fresh and dry forage vyield were decreased

compared with Maryout and El-Maghara locations due to the effect of salinity.
However the genotypes M-32 and M- 43 gave the highest mean values for
fresh and dry forage yield out yielded from Giza-1 cultivar.
Heritability (h2) values (Table-4) were generally high for fresh and dry forage
yield and cumulated fresh and dry forage vyield, indicating that the
environments under consideration had slightly effect on the inheritance of
such characters at M, generation. High heritability estimates for forage yield
indicated that selection based on mean would be successful in improving
forage yield. Abo-El-Soad et al., (1994) reported that heritability estimates
differed according to the population genetic base, traits and environmental
factor

Table {3): Analysis of variance for fresh and dry forage yield in ten
sorghum genotypes (M10 generation) under three different
locations at 2003 growing season.

[ Fresh fora%e yield Dry forage yield

| 8.0V |df[ 1 cut [2™cut [3"cut] Total | 1cut [ 2™ cut [3cut] Total

| | Maryout location

[Replicaton | 2 | 0.916 | 0.143 | 0.355 | 1.545 0.129 | 0.559 | 0.051 | 0.536

{Genotypes | 9 [53.210°*|19.672"*|7.310""| 101.916 | 7.849™ [3.3410™|0.796 |15.075"

Ercor 15| 0.508 | 0.439 | 0.223 0.507 | 0.308 | 0.357 | 0.091 | 1.003

El-Maghara location

Replication| 2 | 1.419 | 0.531 | 0.811 0.489 0447 | 0.06 | 0.034 | 1.160

Genotypes | 9 |57.258%"|14.462*|4.822"*| 144.56** | 4.055** | 2.209*" |0.794™|14.066""

Error 15| 0.859 | 0.684 | 0.277 2.278 0.506 | 0.282 | 0.022 | 0.893

Ras Sudr location

Replicaton | 2 | 0.385 | 0.283 r 0.767 0.081 0.069 - 0.104
Genotypes | 9 | 3.485** |10.519** - 23.535 | 0.533** | 0.605" - 2.146**
[Error 15] 0.235 | 0.286 - 0.629 0.056 | 0.042 . 0.073 |

* and ** significantly at 0.05 and 0.01 levels of probability , respectively.

Disease studies:

Data presented in Table (5) show significant differences among
genotypes for severity under conditions of the three studied locations, while
incidence percentages for the ten sorghum genotypes differed significantly at
Ras-Sudr conditions only. M-32 M43 and M-2 genotypes seemed to be the
best lines in regard to disease severity at Maryout, EL-Maghara and Ras-
Sudr locations, respectively. It is worthy to note that M-2 exhibited the
highest resistance for both disease severity and incidence. Such genotype
put under consideration for used at Sinai { EIl- Maghara and Ras- Sudr) as a
promising cne. The gain of this selection would be depending on the highest
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heritability value exhibited by the two parameters of disease resistance at the
two locations.

The coefficient of variability (phenotypic or genotypic) is a relative
measure of variations. PCV and GCV percentages, Table (5), were relatively
high under Sinai conditions than Maryout location. This confirmed the above
heritability values detected for such cases. Disease severity under Ras-Saudr
conditions showed no great discrepancy between phenotypic and genotypic
coefficient of variability suggesting a small effect of environmental factors

Table (4): Means values of fresh and dry forage yield for ten sorghum
genotypes (M, generation) at three different locations.

Fresh forage yield (ton/fed) Dry forage yield (tonffed) |
Genotypes/—ro [ 2%cut [ 3 cut | Total | 1™ cut | 2 cut | 3° cut | Total
Maryout location
Giza-1 22,094 cd [23.088bc [ 6.352 e [ 51.535e [ 7.467 c | 8.340b | 2.019d [17.826bc
M-2 23480c | 25.080a [ 8.809 c | 57.369c | 7.354 c | 7.972bc | 2.747 bc | 18.074 b
M-15 23.417c | 23.508b | 6.454 e | 53.378d | 7.020 c | 8.295b | 2.008d [ 17.323¢
1i-16 21.687d | 25.803a | 10.583a | 58.073c | 6781 c | 9.336a | 3.410a [ 19.526b
M-17 20.755d | 26.247a |10.233ab| 57.235¢c | 7.373 ¢ | 9.053a | 3.129ab | 19.555 b
M-48 29.801a | 21.806c |9.497 bc| 61.104b | 10.178a | 9.083a | 3.299ab [ 22541 a
M-26 16.633¢ | 18.892a | 7.642 d | 43.196f | 5523 d | 7.036d | 2.318¢cd | 14.876d
M-28 | 25593 b | 18.808d |9.517 bc| 53.918d | 8.555 b | 5.956e | 2.915ab [ 17.425¢
M-32 30.625a | 23.372b | 10.442a [ 64.438a | 107772 | 7.876c | 3.160ab [ 21.814a
M-43 26.371b |22.777bc| 9.277 c | 58.425¢ | 9.049 b | 7.062d | 3.004ab |19.115b¢
h’ 99.05 97.82 97.04 99.5 96.22 90.52 89.74 93.76
El-Maghara location |
Giza-1 21.541e | 18.187c | 6974 fg | 46.702ef | 5.359cd | 5139 ef | 2469 cd | 12.967 de
M-2 24.753d | 20.839 b [8.997 bed|54.588 cd | 5.692 bc [ 6.658 abc | 3.046 ab | 15.396 be
M-15 17.8211 | 18.327¢c | 7.863 ef | 44.011f | 4.188d [5712cde| 2813b [12.712de
M-18 30.662ab | 22.911a [ 9497 ab | 63.070a | 6.877ab | 7.401a | 3311a [ 17.5%0a
M-17 23.146de | 16.011d | 6.038 g | 45195¢ | 5.286cd | 4613 | 1.813e | 11.712e
M-48 27.616c | 18.572¢c | 7.756 ef | 53.944b | 7.079a [6.253bcd| 2.302d |15.633 be
M-26 23.590d | 18.033c | 8.068 de | 49.691 e |6.330 abc| 5.288def | 2.180d |13.807 cd
-28 27581c | 20578 b [ 9.126 bc |57.285bc| 7.368a [6.559abc| 3.175a |17.103ab
M-32 29.573b | 22.609a | 10.409a | $2.501a | 7.502a | 6.767ab | 3.314a | 17.583 a
M-43 31.510a | 18.572c [8.319 cde[ 58.401b | 7678a [6.218bcd| 2.635¢c [16.528 ab
h? 98.52 95.48 94.57 88.45 88.91 88.32 97.30 94.03
Ras Sudr location

Giza-1 10.403 cd | 6.908 def - 17.311ed | 3.342c [2.187 bed - 5.509 cd
M-2 11.565ab | 7.759 cd - 19.323b | 4.106ab | 2394 be - 5.5000b
M-15 11.186abc |7.348 cde - 18.534 be | 3.787 be | 2.035 cde - 5.822¢
M-16  ~ 9595 de | 6.455 ef - 16.050de | 3.405¢ | 1.810de - 5215d
M7 11.376 ab | 7.782 cd - 19.157 b | 4.158ab | 2278 be - 6.436 b
M-48 10.767 bc | 8.212 ¢ - 18.979b | 4047ab | 2471b - 6518 b
M-26 9035 e [ 5111 g - 14146 f | 3.530c | 1.670e - 5.200d
M-28 8989 e | 6297 f - 15.286 ef | 3.422¢c | 1.816de : 5237 d
M-32 11.557 ab | 11.587a - 23.124a | 4411a | 2096853 - 7.376a
M-43 11.847 a | 10.020b - 21.867a | 4435a | 2929a - 7.365a
h 93.68 97.35 97.40 90.49 93.51 96.71

L. valuas following by the same letter (s) are not different at p < 0.05 of Duncan's
multiple Range F- Test.

The former results of breeding indicate clearly that they were much
alined with those obtained from some fungi disease,where the genotypes M-
32 and M-48, M-16 and M-32 and M-32 and M-43 for Maryout , El -Maghara
and Ras —Sude locations,respecrively,gave the highest forage yields.Also,
some of these genotypes exihibit relatively the same trend for fungi disease
resistance .
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Table (5): Disease severity {DS) and disease incidence (D1} of sorghum
genotypes grown In Maryout, EL-Maghara and Ras-Sudr
locations, naturally infested with Helminthosporium leaf

blight.
lines Maryout EL-Maghara Ras~ Sudr Mean
—— DS o]} DS DI DS Dl Ds Di
Giza -1 1.67 BR.67 267 26.67 1 10.0 178 4178
M-2 2.67 100.0 1.00 20.0 0.00 0.00 1.22 40.0
M-15 3.00 100.0 1.67 3333 8.0 9333 422 7555
M-16 4.67 100.0 1.67 45.67 1.33 2333 256 5667
M-17 333 100.00 .00 20.00 800 B00 411 6657
M-28 50 100.00 2.33 40.00 800 4000 511  60.00
M-26 3.33 88.67 1.67 33.33 700 4000 4.00 54.00
M-32 1.33 77.33 6.00 60.00 500 2000 411 5244
M-43 3.00 100.00 0.67 13.33 400 5333 256 5555
M-48 533 100.00 5.0 60.00 3.00 10.0 444 5867
Mean 3.33 95.46 237 35.33 453 37.00 341 5583
F.test - NS - NS - - NS NS
LSD 0.05 2.5t - 2.24 - 0.30 2383 - -
GCV % 30.22 - 67.30 - 69.04 B0.58 -
PCV % 54,53 - 88.30 - 69.16 8932 -
H % 3072 - 58.10 - 9066 §1.38 -

G.C.V. = Genotypic Coefficient of varlabitity.
P.C.V. = Phenotypic Coefficient of variability.
H = Heritability broad sense .

Genetic studies:
Isozymes electrophoresis

Two isozyme systems (poly-phenol oxidase and Peroxidase) were used
for genetic variation of gene expression under different environments and
disease conditions of the concermed ten genotypes for sorghum (nine
mutants and Giza-1 cuitivar).

1- Poly-phenol oxidase Isozyme:

Electrophoretic patterns of Poly-phenol oxidase isozyme are present in
Table {6) and Figure (1). The results revealed that high polymorphism in
bands number with percentage (88.8%), Table (8) , were noticed between
and within all the genotypes and Giza-1 cultivar. Total nine bands were
identifted, where one band (number 5) was scored as a common band which
expressed in all genotypes. While, the eight remainder bands were
polymorphic. The results also revealed that a band number (9) was scored
only in Giza-1 cultivar and band number {7) showed in genotype M-28, also
band number (8) present only in genatype M-17. Therefore, these bands
were considered as positive markers for these genotypes. Moreover, all the
genotypes took different behavior of the expression among the effected of
disease, except the genotypes M-15 and M-16, which gave the same band
numbers (3). The resulls also indicated that genolype M-2 gave 2 maximum
gene / genes expression, which had number of bands (6). Generally, the rate
of gene/genes expression of this isozyme was associated with the fungi
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disease; therefore, the genotype M-2 was the most resistant for fungi

disease.

Table (6): The presence (+) and absence (-) of bands in isozyme poly-
phenol oxidase for ten genotypes of sorghum (nine mutants

and Glza-1 cultivar)

Band | Giza -1 | M-2 |M-15|M-16 | M-17 | M-28 | M-26 | M-32 | M-43 | M-48
1 + + + + + + + - + +
[ - + + RS - - - - - +
3 + - S & + + + + + -

- + - - + + “ = - -
5 + + + + + = + - + +
5 % - - . - 5 = & + +
7 g - e o e | oaetlo e TR
s . o NS S I DU R R :
9 + . - H s " « 5 A -
Total 4 6 | 33| 5|5 3| 2] 4] 4
T %
= =

Figure (1): 2Zymogram of Poly-phenol oxidase {
for ten genotypes of sorghum(nine mutants and Giza-1

cultivar)
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2- Peroxidase Isozyme

Banding patterns of peroxidase isozyme for the studied ten genotypes
of sorghum illustrated in Table (7) and Figure {2), where these banding
showed that this isozyme revealed high polymorphic level with percentage
(80.0%), Table (8), and its pattern gave five bands expressicn ameng the
studied genotypes. The band number (2) was scored as a common band in
2l genctypes with different in band's intensity between and within them .

The results also indicated that the genotype M-2 gave the maximum
gene/genes expression of peroxidase isozyme, meanwhile, genotypes M-16,
M-28 and M-32 gave a minimum gene/genes expression of peroxidase
isozyme. Thereby,the genotype M-2 was the most resistant ,among the
studied genotypes for fungi disease.

Table (7): The presence (+) and absence (-} of bands in isczym
peroxidase for ten genotypes of sorghum({ nine mutants
and Giza-1 cultivar)

Band |Giza-1| M-2 | M-15 | M-16 | M-17 | M-28 | M-26 | M-32 | M-43 | M-48
1 - - - s = = = e + -
b + + + + + + + + + +
3 + + - - - - - - - -_1
- - + - ks - + - + -
5 + + + - + - + - + +
Total 3 5 | 3 1 3 1 3 1 4J _2J

L. o oe g 8 o8 ogoe
5 = =2 2 £ 35 = = 2 3

Figure (2):Zymogram of peroxidase banding patterns for ten
genotypes of sorghum {nine mutants and Giza-1 cultivar)
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Table (8): Number and types of bands as well as the percentage of the
total polymorphism generated by two isozymes poly-phenol
oxidase and Peroxidase in ten genotypes of sorghum (nine
mutants and Giza-1 cultivar)

ISozvmes Monomorphic Polymorphie Total Pol hi

y Bands Unique non-unique| bands |~ oYmorphic
Poly-phenol oxidase 1 3 5 9 88.8 %
peroxidase 1 - 4 5 80.0 %

In order to augment the resolution power in this study ,the data of two
isozymes electophoretic profiles were combined and applied to the computer
to get a dendrogram and similarity matrix as shown in Figure( 3) and Table
(9) .The dendrogram divided the ten genotypes into two major culasters, the
first cluster included all the genotypes and Giza-1 cultivar except genotype M-
2 and the second cluster included only genotype M-2 .However, within the
first cluster , the genetic distances (Fig. 3) among genotypes varied
considerably where the genotypes ( M-15,M-16 and M-48 ) , genotypes (M-
28 and M-32 ) and genotype (M-26 and M-43 ) were higly related . In
addition, the similarity matrix (Table 9) revealed that the highest similarity
appeared between genotype M-2 and M-28 (75.0%) while the lowest
similarity appeared between genotype M-26 and M-28 (10.1%).

Generally the isozyme system gave gocd discriminations for all
genotypes mutant and Giza-1 cultivar . These results agreed with those
obtanied by Henn et al., (1992) who used several isozymes to including poly-
phenal oxidase and peroxidase to identify seventeen tomato cuitivars.

0 5 10 15 0 ts
1 R e oL R LR e s e TR TEE LR

M-

6
M-
48 —,
M-

15]—

M-
28
M-
32

Figure (3) :The genetic distances between the ten genotypes of
sorghum ased on isozymes analysis (nine mutants and
Giza-1 cultivar)
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Table (2 ) : Similarity matrix between the ten genotypes of sorghum(nine
mutants and Glza-1 cultivar) based on combined isozymes
analysls

Glza -
1 M-2 |M-15| M-16 | M-17 | M-28 | M-26 | M-32 | M43 | M-48
iza -1 | 00.0
M-2 17.4 | 00.0 r

M-15 28.9 14521 00.0

M-16 [ 316 (33.0{ 73.0]00.0
M-17 | 28.9 | 25.1 | 45.8 | 22.8 | 00.0
M-28 | 289101125/ 41.1[458(00.0
M-26 | 57.7 452|708 | 41.1] 750 41.7 | 00.0
M-32 | 5221273251 ]44.0[452(603(603]000
M-43  [28.9]60.3 458228 [41.7]16.7 [ 75.0 [ 45.2 | 00.0
M-48 [ 289 (452|708 (730167125 (4172511458000

Randomly amplified polymorphic DNA (RAPD)

Fifteen 10- mer random primers were used to differentiate between
the ten genotypes of sorghum (nine mutations and Giza-1 cuitivar) However,
only six primers gave reproducible resuits and were reported as follows.

Prirner OPO 3

The results of primer OPO3 were illustrated in Figure {4) and Table
{(10).1t gave amplification products with all the studied ten genotypes .The
molecular sizes of the PCR products ranged from 200 bp to 1130 bp. Four
out of total six bands were polymarphic which did not necessarily appear in
all genotypes. Two bands of 840 and 400 bp were common to all cullivars,
but genotypes M-2 could be distinguished from all other genotypes by the
presence of one unique fragment at 200 bp.

Primer OPQ 4

The resuits of primer OPO4 are present in Figure (5) and Table (11).
The primer gave amplification products with all genotypes. This primer
exhibted a maximum of seven bands with molecular size ranged frem 420 bp
to 1180 bp. Three common bands were observed in ail genotypes at 865,760
and 420 bp. On the other hand, a band number (1) at 1180 bp. was present
only in genotype M — 48, therefore, it could be considered as a positive
marker of this genotype. While, band number (2) at 1140 bp was present in
gl genolypes and (Giza — 1 ) cultivar, except genotype M — 48, it could be
considered as a negative marker for this genotype.

Primer OPO 6

The results of primer OPO8 were demonistrated in Figure (8) and
Table (12). The results indicated that seven bands as a maximum with
molecular sizes ranged from 330 to 1850 bp were exhibited by this primer.
However, four common bands were observed in all genotypes at
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1500,1100,605 and 330 bp. Meanwhile, only one band was detected in the
genotype M — 28 which represents as a positive marker for this genotype.

Primer OPQ 7

The results of this primer is present in Figure (7) and Table (13).
From the results, it is cbvious that the primer gave about nine bands ranged
from 325 to 1920 bp. Two bands with molecular sizes of 1530 and 1120 bp
were remarked in all studied genotypes and only one band was accompained
the genotype M-26 at 665 bp.This band could be taken into consederation as
a positive marker for M-26 genotype.

Primer OPO 10
Table (14) and Figure (8) represent the results of primer OPO10. It
produced a maximum of eight bands which ranged from 425 to 2500 bp.It
was noticed that one band at molecular size 850 bp.was present in all
genotypes.However,only two bands were correlated with two genotypes M-26
and M—43 at molecular size 1070 bp.and 1330bp., respectively. Therefore,
- these two bands could be used as positive markers for these genotypes.

Primer OPO 13

The results of primer 013 are shown in Table (15) and Figure (9). It gave a
maximum of eight bands which ranged from 400 to 2450 bp. These was one
band at molecular size 840 bp., which was a common band in all studied
genotypes, however, only one band was absent with M-43 genotype at
molecular size 485 bp., which could be represnts as a negative marker for
this genotypes.

The dendogram, based on all RAPD markers developed by all primers
of this study (Figure 10 ) separated the ten genotypes of sorghum into two
clusters , genotypes M-2, M-15, M-16, M-17, M-28, M-26, M-32, M-48 and
Giza-1 cultivar belong to the same cluster while only genotype M-43
belonge to the other cluster. However, within the first cluster Giza-1, M-28 ,
M-16 and M-17 genotypes were closely related as well as genotypes M-2 and
M-15 . The similarity matrix Table (16) revealed that gentypes M-16 and M-17
were related with a similarity values of 76.2%, while genotypes M-16 and M-
43 were quite different with a low similarity of about 1.40% .

RAPD analysis seem to be one of the powerfull tools for detecting
polymorphysim and could discriminate between all the ten genotypes . These
results agree with Foolad et af, (1993) who found that 63% of the RAPD
primers detected one or more polymophic DNA fragment between the studied
tomato varities .

From the previous results it could be concluded that the selected nine
sorghum genotypes were differed for genetic behavior when they were
evaluated from some Fungi disease under different environments .In this
respect, the genetic analysis indicated that the genotype M-2 was the most
resistant for Fungi disease compared with the parent and other
genotypes.So, it could be used as the best genotype in sorghum breeding
program for disease resistance. On the other hand we can registed this
genotype as a new cultivar to grow under the new reclamid lands .
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Tables {10 -15): Survey of polymorphic and monomorphlc RAPD bands
of the ten genotypes of sorghum (nine mutants and
Giza-1 cultivar) using six primers.
Table {10): primer (O-3).

Table (11): primer {O-4).
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Figures (4-9) : DNA polymorphism of the ten genotypes of sorghum (nine
mutants and Giza-1 cultivar) using RAPD-PCR with primers.
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Figure (10) :The genetic distances between the ten genotypes of
sorghum {nine mutants and Giza-1 cultivar) based on
DNA analysis

Table {16 ) : Similarity matrix between the ten aenotypes of sorghum
(nine mutants and Giza-1 cultivar) based combined DNA
analysis

DNA |Giza -1 M-2 [M-15|M-16|M-17 |M-28 |M-26 | M-32|M-43 | M-48
Giza -1 00.0
M-2 38.7 |00.0
M-15 43.0 |70.0}00.0
M-16 476 |39.3[56.600.0
M-17 516 |52457.9]76.2|00.0
M-28 52.5 |1452(49.9]|54.8|57.8]|00.0
M-26 475 [236(29.0{46.9[47.1]|16.0(00C.0
M-32 56.1 |57.9(63.3|56.6|70.0|49.9|41.0|00.0
M-43 343 |147131.7]101.41270]28.9/10.4{44.1]00.0
{M-48 34.7 |354[29.0[348|47.1/284(18.3141.0|22.6/00.0
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