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ABSTRACT

Sweef sorghtum were assessed in seasons 2006 and 2007 for salt tolerance on basis
of the traits; plant height, shoot fresh weight, shoot dry weight, root dry weight, root
length, toral chlorophyll and shootroof ratio, The sweef sorghum cultivars were Atlas,
Umbrella, Planter, MN 3556, Leoti, Smith, Honey, MN 4418, Sugar Drip, MN 4490 and
Rex. Also molecular genetic fingerprints for these cultivars using SDS-PAGE protein
markers was determined. Rex, MN 4490 and Umbrella were the highest cultivars in the
studied traits under salt stress (the most salt tolerant cultivars) as they had the highest
rank for all the traits while, Adlas, Leoti and MN 4418 showed the lowest rank in this
respect. The banding patterns of the four protein assessments, Le., total protein, water-
soluble protein, water-nonsoluble protfein and Kafirin revealed wide variations of
different bands (22, monomorphic and 65 polymerphic bands). The relationships among
sorghum cultivars based on the overall polymorphisms were in partial agreement with
the known lineage of these cultivars.
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INTRODUCTION

Salinity can affect many processes in the plant's life cycle, so that
tolerance will involve a complex interplay of characters. The physiology
and biochemistry of salt tolerance were investigated by many researchers to
screen overall plant performance that could be used in breeding programs.
Plants are generally relatively tolerant during germination but become more
sensitive following emergence and early seedling stages of growth. Hence, it
is imperative to keep salinity in the seedbed low at these times (Azhar and
McNeilly, 1989; Abdel-Tawab et al 1998).

Sweet sorghum is considered as one of the commercial sources of
syrup and for sugar production besides sugarcane and sugar beet. The
productivity of this crop could be improved, as it possesses a wide range of
genetic diversity. The use of modem molecular techniques such as markers
assisted selection is required to enhance sorghum breeding programs.
Analyses of the extent and distribution of genetic variation in a crop are
essential in understanding the relationships between accessions and to



sample genetic resources in a more systematic fashion for breeding and
conservation purposes.

Electrophoretic techniques have been used to identify and characterize
different crop cultivars and to assess the uniformity, purity and agronomic
traits (Teng er al 1988). Since its introduction by Beitz and Wall (1973},
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
has been widely used to separate proteins in the recent years (Kasarada et al
1998). They reported that electrophoretic patterns of the protein fractions
are directly related to the genetic background of the protein and can be used
to certify the genetic makeup of wild, cultivated, or newly derived plants.
Protein markers, including seed storage proteins, structural proteins, and
isozymes are among the first group of molecular markers. They are the basis
for a newly emerging research area called proteomics. They also provide
some of the most cost-effective tools for data point generation, especially,
when iso-electric focusing equipment is used to precisely distinguish
between very similar versions of proteins.

The major limitations of these markers are that most of the genome
does not code for genes - different biochemical procedures are required to
visualize allelic differences for enzymes having and different functions.
Besides, many proteins are post-transcriptionally regulated, which might
underlay DNA sequences polymorphism and thus can mask vananon at that
level (Hash and Bramel - Cox, 2000).

This study aimed to: (1) determination of molecular genetic
fingerprints for 11 sorghum cultivars using SDS-PAGE for proteins markers
related to salt tolerance and (2) elucidation of the genetic relationships
among these cultivars.

MATERIALS AND METHODS

Plant materials

Eleven sweet sorghum cultivars were assessed in the growing
seasons 2006, 2007 for salt tolerance on the basis of the traits; plant height,
shoot fresh weight, shoot dry weight, root dry weight, root length, total
chlorophyll and shoot/root ratio. The cultivars Atlas, Umbrella, Planter, MN
3556, Leoti, Smith, Honey, MN 4418, Sugar Drip, MN 4490 and Rex were
kindly provided by Sugar Crops Research Institute (SCRI), Agricultural
Research Center (ARC), Giza, Egypt. Their origin is shown in Table (1).
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Tablel. Code number, name, source and origin of the eleven sorghum
cultivars under investigation.

Code Cultivars Source Origin
number
1 Atlas USA West and South Africa
2 Umbrella Egypt Mississippi
3 Planter Egypt East and South Africa
4 MN 3356 USA Mississippi
5 Leoti Egypt Mississippi
6 Smith Egypt Mississippi
7 Honey USA Mississippi
8 MN 4418 USA Mississippi
9 Sugar Drip USA Mississippi
10 MN 4490 USA West and South Africa
11 Rex USA Mississippi
Methods

1. Morphological traits

The eleven sorghum cultivars were grown in a sand culture in plastic
pots, which were filled with pre-washed fine sand. Three grains were sown
in each pot. The grains were sown in a complete randomized experiment
with three replications. Hoagland solution was used twice a week for two
weeks after germination as a base nutrient medium. Then plants were
subjected to salt stress at four concentrations (0, 4000, 6000 and 8000 ppm
NaCl) and the experiment was terminated after 60 days. The collected data
were statistically analyzed according to Steel and Torrie (1980). The
differences among means were compared using Duncan's new multiple
range test (Duncan [955).

2. Proteins electrophoresis

Sedium dodecylsuifate (SDS) polyacrylamide gel electrophoresis (SDS-
PAGE) was used to study the genetic background for the studied cultivars
involved the more highly tolerant and sensitive cultivars for salt stress by
their protein fingerprints such as water-soluble and water-nonsoluble
proteins, total protein and kafirin (alcohol-soluble protein). Protein
fractionations were performed exclusively on vertical slab (19.8 cm x 26.8
cm x 0.2 cm) gel using the electrophoresis apparatus manufactured by BIO-
RAD according to the method of Laemmli (1970) as modified by Studier
(1973).
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3. Densitometric scanning
All gels were scanned using the Gel Doc 2000 Bio-Rad system and
analyzed with software package supplied by the manufacturer. SPSS
computer program was used to calculate the pair wise differences matrix
and plot the dendrogram among sorghum cultivars.

RESULTS AND DISCUSSION

Morphological traits

Table (2) show the means of means for the seven studied traits under
three salt concentrations. The results indicated that the effects of salt stress
varied across the studied traits in all cultivars, the total root length, root dry
weight, shoot fresh weight, shoot dry weight, shoot\root ratio, total
chlorophyil and plant height were decreased by salt stress. The highest
average shoot fresh weight was recorded for cultivars Rex (4.92 g),
Umbrella (3.16 g) and MN 4490 (2.53 g), while the lowest was obtained
from Atlas (1.76 g), MN4418 (1.86 g) and Leoti (1.89 g). For shoot dry
weight the means ranged from (3.02 g) in cultivar Rex, to (0.97 g) in Atlas.
The results also indicated that the highest plant height was scored for
cultivars Rex (43.045 cm), MN 4490 (40.365 ¢cm) and Umbrella (39.105
cm), while the lowest was scored for cultivars Atlas (31.265 cm), Leoti
(31.905 cm) and MN 4418 (32.045 c¢m). The results of root dry weight
indicated that, the highest mean was scored for'cultivar Rex (1.615 g), while
the lowest was scored for cultivar Atlas (0.395 g). On the other hand, the
results of root length indicated that the highest mean was scored in cultivar
Rex (275.951 cm), while the lowest was scored in cultivar Atlas (110.151
cm). In addition, mean total chlorophyll content was highest in cultivar Rex
(30.39 %0), while the lowest content was scored for cultivar MN 3556 (18.75
%). The results of shoot / root ratio indicated that, the highest ratic was
exhibited by cultivar Rex (2.35), while the lowest was scored for cultivar
MN 4490 (0.58). As shown in Table (3), it could be concluded that Rex,
MN 4490 and Umbrella were the highest cultivars in the studied traits
under salt stress, in a descending order the most salt tolerant cultivars as
they showed the highest rank overall the studied traits while, Atlas, Leoti
and MN 4418 were the lowest in this respect (the most salt sensitive
cultivars) as they exhibited the lowest rank overall the seven investigated
traits. The results were in agreement with the findings of Hassanein et al
(1993), who reported that increasing salinity levels decreased shoot dry
weight. This trait can also be taken as an indicator for the effect of salt stress
on plant growth. Similar findings were reported by Nasir et al (2000) who
concluded that the decrease in shoot fresh weight under salinity conditions
can be considered as indicator for the effects of salt stress on plant growth.
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Table 2. Means of the investigated traits in the eleven sorghum cultivars

Shoot  Shoot Plant Root Total root Total

Cultivar fresh drywt. height drywt. length chiorophyll /rosol:‘)::nttio
wt.(g) (o (cm) (g) (cm) %o
Atlas 1L76' 097  31.265% 0.395% 1100151F 20.87" 21748
Umbrella 3365  185% 39105 0.895° 1107717 28.2° 1.5
Planter 2.3F 1.32°  37.925% 0.465° 124.381° 2522° 2.11°
MN 3556 2,047  1.23%F 35125 0.725% 205.451% 18.75% 1.41°
Leoti 1.89"  1.06%7¢ 31.905® 0.395% 225.051° 19.93° 1.48°
Smith 2.08F  1.18%  38395° 0.465° 259.371° 21.94° 1.29¢
Honey 2.39° 138" 35295% 0.985¢ 258.151% 23.48F 0.59"
MN 4418 186"  1.03%°C 32.045' 0.685° 239.631°7 30.25" 0.6%
Sugar Drip ;986 0,997  34.055" 0.875° 261.001% 24.37F 0.91°
Rex 4.92%  3.02%  43.045* L615* 275.951% 30.39* 2.35%
MN 4490 353¢  1.47° 40365 1345 260.431° 28.92° 0.58"

Table 3. Ranking of different sorghum cultivars means for studied
attributes across salt concentration treatments,

Shoot Root  Total

Shoot N Plant d root Total Shoot
Cultivar  fresh Y height O chlorophyll  /root Total

wt. (g) wit. (cm) wit, length % ratio

® @ @ _(cm)

Atlas 11 1 11 10 11 9 11 74
Umbrella 2 2 3 4 10 4 4 29
Planter 5 5 5 8 9 5 3 40
MN 3556 7 7 7 6 8 11 6 52
Leoti 9 8 10 11 7 10 5 60
Smith 6 6 4 9 3 8 7 43
Honey 4 4 6 3 5 7 10 39
MN 4418 10 9 9 7 6 2 9 52
Sugar 8 10 8 5 4 6 8 49
Drip
Rex 1 1 1 1 1 1 1 7
MN 4490 3 3 2 2 2 3 2 17

Rank 1= highest and rank 11= lowest
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These findings also were in agreement with Maiti et al (1996), who
reported that increasing salinity levels decreased total chlorophyll contents.
Moreover, the results were in agreement with the findings of Abdel Bary et
al (2005) and Rashed et al (2006), who reported that increasing salinity
levels resulted in decreasing shoot fresh weight, shoot dry weight, plant
height, root dry weight, root length and shoot/root ratio. They concluded
that these traits could alsc be taken as indicators for the effect of salt stress
on plant growth.

Molecular genetic fingerprints of sorghum cultivars by protein analyses

The banding patterns of the four protein fractions, i.e., total protein,
water-soluble protein, water-nonsoluble protein and kafirin revealed wide
variations of different bands (22, monomorphic and 65 polymorphic bands)
as shown in Tables (4 and 5) and Figure (1). Total proteins showed higher
polymorphic protein bands (87%), while water-soluble, water-nonsoluble
and kafirin protein showed less polymorphic protein bands (71%, 70% and
69% respectively). The overall protein systems recorded 75%
polymorphism, which was enough to discriminate among the 6 sorghum
cultivars. These results were in agreement with those of Shadi et ol (1999),
who discriminated among 20 maize inbred lines based on SDS-PAGE of
albumin and zein fractions and Rashed er al (2004) who discriminated
among 17 sorghum cultivars based on SDS-PAGE of total protein, water-
soluble protein, water-nonsoluble protein and kafirin. On the other hand,
Aly er al (2000) used SDS-PAGE of water-soluble and water-nonsoluble
proteins to differentiate among nine Egyptian rice cultivars and concluded
that such differences were not enough to differentiate among the studied rice
cultivars.

Table 4 . List of proteins bands in sorghum cultivars

Marker f Rang Number of bands/ cultivars
Marker name . MN | MN
number of MW Atlas | Leoti | Rex 4490 14418 Umbrella
|1 Total protein 148.22-39.36 | 5§ 7 8 11 7 6
2 Water-soluble | 119350003 4 | 4 13| 8 | 6| 8
_protein |
3 Water- |15 16-30.93 | 4 7 1 4] 100 |3 9
nonscluble protein
%4 Kafirin 122.31-498 | 5 4 | 4 2 4 4
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Table 5. Polymorphism detected for protein marker in the sorghum

cultivars
- Ve ) o
Marier Marker name { Monol ( Poly . Total % pol;
mumber| | morphic maorphic morphism
1 [Total protein | 3 20 23 87
F Water-soluble protein 7 17 24 71!
| 0|

2
3 [Water-nonsoluble protein

8 19 | 27 7
4 |Kafirin | 4 9 | 13 29 |
otal 2 | 65 | 87 75 |
12 3 4 56

-

'

b4
b 4

-

Water-nonseluble protein Water-soluble protein

Kifrin protein Totaiprotein

Figure 1. Protein banding patterns of the eleven sorghum cultivars 1-Atlas
2-Leoti 3-Rex  4- MIN 4490 5-MN 4418  6- Umbrella
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Cenetic similarity analysis

The dendrogram tree among sorghum cultivars on the proteins level
was detected by SPPS computer package. The analysis was based on the
number of markers that were similar between any given pair of cultivars.
Based on the protein polymorphisms, dendrogram tree was described in
Figure (2).

Similarity matrix and dendrogram tree based on the polymorphisms of
the overall markers were detected in Figure (2). The least average similarity
was scored between cultivars MN 4490 and Atlas, while the highest average
similarity was scored between cultivars Leoti and Rex.

Rescaled Distance Cluster Combine

CASE
0 s 10 15 20 25
Label Num *+ + + + + +
MN449 E ]—‘
Umbhbrella 5
*
M 4418 5 —
Leot 2 J
Rex 3
Atlas 1

Fig 2. Dendrogram using Average Linkage (Between Groups)

The relationships among sorghum cultivars based on the overall
polymorphisms were in partial agreement with the known lineage of these
cultivars. Rashed er af (2004) detected a total of 85 polymorphic bands for
protein markers, which gave adequate distinctions 17 among studied
sorghum cultivars. However, the disparity among the protein analyses may
be related to the amount of genome coverage characteristic of a particular
marker system in the sorghum species and its efficiency in sampling
variation in a population.
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The previous studies and our observations are evident that protein
analyses, which revealed high degree of polymorphism, are good tools in
determining sorghum cultivars under study. They are generally much
simpler to apply and more sensitive than traditional morphological and
biochemical analyses because they are more polymorphic.
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