American Journal of
Biochemistry and

Molecular Biology

ISSN 2150-4210

@

Academic
Journals Inc. www.academicjournals.com




American Journal of Biochemistry and Molecular Biclogy 3 (1): 127-134, 2013
ISBN 2150-4210 / DOI: 10.3923/ajbmb.2013.127.134
© 2013 Academic Journals Inc.

Phylogenetic Diversity of Sorghum bicolor (L.) Moench Accessions
from Different Regions in Sudan

"Haitham K. A. EL-Amin and *Nada B. Hamza

'Sudan Academy of Sciences, Ministry of Science and Technology, F.O. Box 86, Khartoum, Sudan
*Department of Molecular Biology, Commission for Biotechnology and Genetic Engineering, National Centre
for Regearch, Khartoum, P.O. Box 2404, Sudan

Corresponding Author: Nada B. Hamza, Department of Molecular Biology, Commission for Biotechnology and Genetic
Engineering, National Centre for Research, Khartoum, P.O. Box 2404, Sudan

ABSTRACT

Sorghum (Sorghum bicolor 1..) 1s believed to be domesticated for the first time within the
geographical range of Sudan, so, studying the genetic variation of sorghum genotypes collections
attracts special interest. In this study, 17 sorghum accessions with important agrenomic traits,
representing four states in Sudan were assayed for polymorphism using Random Amplified
Polymorphic DNA technique (RAPD). Ten primers out of 40 tested (A-1, B-20, C-20, D-18, OPE-04,
UBC-101, UBC-103, UBC-127, UBC-155 and UBC-157) showed high polymorphism among the
accessions. The results indicated 110 polymorphic bands out of 145 bands with percentage of
polymorphic bands of 77.6%. Unweighted Pair Group Method with Arithmetic Mean (UPGMA)
result showed two major clusters, with a clear trend of grouping of each region. A cluster contained
all accessions from eastern Sudan (Red Sea). However, accessions from north Sudan (River Nile),
western Sudan (North Kordofan) and scuth Sudan (Blue Nile) were diverse in another cluster.
Based on the results of this study RAFD technique proved to be useful to study genetic variation
among the Sudanese sorghum accessions.
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INTRODUCTION

In Africa, especially in Sudan Sorghum bicolor is a large subsistence food, forge and ethancl
production crop for more than 75% of the population (Dawelbeit et al., 2010). Sorghum has
attracted the attention of breeders not only in Sudan but around the world for his rich source of
proteins, vitamins, carbohydrates and economical important (Shiringan, 2009). Sorghum is a
diploid (Zn = 20) and inter fertile (Curtis, 1968). About 2512 loci exist in its genetic map
{Bowers et al., 2003). Sorghum has small genome (730 Mb); therefore was considered as model for
functional genomics of C4 grasses, it also set a good example to understand the biology of weeds
{Paterson, 2008). The Morphological variation doesn’t express the genetic variation due to the
genotype-environment interactions (Smith and Smith, 1992). Therefore, studying genetic variation
is 1mportant (Bandyopadhyay, 2011). Wide spectrum of methods and techniques exist for the
analysis of discrete morphological traits to molecular traits (Scller and Beckmann, 1883). Therefore,
understanding the real genetic variation i1s crucial for breeding programs in order to help maintain
genetic diversity (Pu et al., 2009),
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Molecular markers proved to be powerful and reliable tocls for studying the variation within
crop genotypes compared with the biochemical markers (Gepts, 1993). Random Amplified
Polymorphic DNA (RAPD) technique is one of the most used molecular methods, as it offers many
advantages such as detect high polymorphism and relatively fast (Fahima ef «l., 1999), RAFD could
also reveal within acecessions variation more efficiently (Patra ef al., 2011). The RAPD technique
is based on the PCR amplification of discrete regions inside the genome with short oligonucleotide
primers of arbitrary sequence (Thangaraj et af., 2011). A minimal amount of DNA 1s required and
no DNA sequence information is needed before carrying the technique (Subudhi and
Huang, 1999). Although of the robustness of the method, its reproducibility can vary from low to
extremely high variability (Fang and Roose, 1997; Nagacka and Ogihara, 1987). From its
advantages i1s that it is simple and fast method for detecting high amount of DNA markers
(Younis et al., 2007). Over 800 markers are mapped in sorghum, these maps are compared to those
of rice (Paterson et al., 1995, 2004), maize (Bowers ef al., 2003; Whitkus ef al., 1992), sugarcane
(Ming et @l., 1998; Dufour et al., 1997), millet (Jessup et al., 2003), switch grass (Missaoui ef al.,
2005) and Bermuda grass (Bethel ef al., 2006).

The main objectives of the study were to investigate the degree of polymorphism detected using
10 RAPD {(Random Amplified Polymorphic DNA) markers in 17 sorghum accessions from four
different regions in Sudan.

MATERIALS AND METHODS

The DNA of 17 sorghum accessions was extracted from fresh leaf tissues {(Table 1) using
modified CTAB method (Porebski ef af., 1997). The modification was made in intention to improve
the quantity and the quality of the DNA. In this method the fine powdered plant materials were
immediately transferred into 15 mL Falcon tubes containing 5 mL of pre-warmed lysis solution.
Tubes containing the samples were then incubated in a water bath at 60°C with gentle shaking

for 30 min and left to cool at room temperature for 5 min. Isoamylalechol and chloreform mixture

Table 1: Sorghum genotypes list contained accessions number, accessions name, Area location of collection and the region of collection

Accessions No. Accessions name Arealocation Region

1 Debeikri I El-Nikhala area River Nile

2 Abjaro Balook area River Nile

3 Abjaro Abu Soof Balook area River Nile

4 Debeikri IT Aldaroosa River Nile

5 Zinari Ahmer Abu Snoon North Kordofan
6 Ankoleeb Ahmer I Abu Haraz North Kordofan
7 Sifaira Abu Haraz North Kordofan
8 Ankoleeb Ahmer 11 Abu Haraz North Kordofan
9 Dura Abied Mengenza Blue Nile

10 Kolom 1 Mengenza Blue Nile

11 EKolom IT Jebel El Nimir Blue Nile

12 Arfaa gadamak | Abu SBowailik Blue Nile

13 Arfaa gadamak 11 Abu Sowailik Blue Nile

14 Baham Hazaz Adramieb Red Sea

15 Hazaz I Adramieb Red Sea

16 Hazaz 11 Adramieb Red Sea

17 Hazaz II1 Adramieb Red Sea
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{1:24) was added to each tube and the phases were mixed gently for 5 min at room temperature to
make a homogenous mixture. The cell debris was removed by centrifugation at 4000 rpm for 15 min
and the resulted clear aquecus phases (containing DINA) were transferred to new sterile tubes. The
step of the chloroform: isoamyl alechol extraction was repeated twice. The nucleic acids in the
aqueous phase were precipitated by adding equal volume of deep cooled 1sopropanol. The contents
were mixed gently and collected by centrifugation at 4000 rpm for 10 min. The formed DNA pellet
was washed twice with 70% ethanol and the ethanol was discarded after spinning with flash
centrifugation. The remained ethanol was removed by leaving the pellet to dry at room
temperature. The pellet was dissolved in TE buffer (10 mM Tris, 1 mM EDTA, pH 8) and stored at
-20°C for further use. The extracted DINA samples were observed under UV illumination after
staining with ethidium bromide and agarose gel electrophoresis. The purity and the concentrations
of the DINA were then spectrophotometrically assessed following Sambrook ef af. (1989) method.

Forty RAPD primers (Operon technologies and university of British Columbia (UBC)) were used
in the Polymerase Chain Reaction (FCR) in a final volume of 25 uL containing 1.0 uL. DINA diluted,
0.5 puL Taq polymerase, 2.5 pL 10x buffer, 2.5 uL (2 mM pL™) dNTPs, 1.5 uL (50 mM)
MgCl,, 2.0 pL (10 pmol uL.™") RAPD primer and 15 uLL dH,O. The amplifications were performed in
a thermal eycler following the program: 94°C for 5 min, 40 eycles (1 min at 94°C, 1 min at 33°C and
1 min at 72°C) and final elongation of 7 min at 72°C.

Four Microliter of PCR product was mixed with 2 pL of loading dye and 1.5 pL of 1 kbp DNA
ladder were electrophoresed using 2% agarose gel at 72 volts followed by staining with ethidium
bromide then the separated fragments were visualized with an Ultraviolet (IJV) transilluminator.

The number of polymorphic and menomorphic bands was determined for each primer. Genotype
were scored (1) for present band and (0) for absent band and then entered into a data matrix.
Percentage of polymorphism was calculated as the following equation: (polymorphic bands/total
number of bands x100). The tree diagram was produced by clustering the similarity data with the
unweighted pair group average method using statistical software package STATISTCA-SPSS
following the method of El-Amin et al. (2011).

RESULTS

To isolate a good quality of DINA, the CTAB-based procedure optimized in the present study,
yielded high quality DNA free of phenols which may inhibit the activity of Taq polymerase. Several
primers were tested on the 17 accessions {(Serghum bicolor L) and the results indicated that
10 primers out of the 40 tested showed a high polymorphic band percentage (75.9%). The 10
informative primers were selected and used to evaluate the degree of polymorphism and genetic
relationships among the genotypes under study. Total of 145 amplified fragments were
distinguished across the selected primers and the statistical analysis showed 110 polymorphic bands
among the accessions with an average of 11 polymorphic bands per primer. The maximum number
of bands were produced by the primer UBC-157 (21 bands) with 52.4% polymorphism respectively
while the minimum numbers of fragments were produced by the primer C-20 (8 bands) with 62.5%,
polymorphism, respectively. RAPD fragments pattern produced by the 10 primers is shown
in Table 2.

The Tree Diagram reflects the accessions of the four regions which were divided into two
clusters based on their genetic similarity. The first cluster contained 3 groups: River Nile group,
North Kordofan group each grouped separately from each other and Blue Nile group. River Nile
group have accessions Abjaro Abu Soof and Debeikr 1T from Aldarcosa area as sisters, Debeikri 1
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Tahble 2: Polymorphic bands percentages of 10 RAPD primers used to study the 17 sorghum accessions

Primer Total No. No. of No. of Percentage of
name Sequence (5-3") of bands polymorphic bands monomorphic bands  polymorphic bands
Al CAGGCCCTTC 9.0 8 1.0 88.8
B-20 GGACCCTTAC 9.0 8 1.0 88.8
C-20 ACTTCG CCAC 8.0 5 3.0 62.5
D-18 GAG AGC CAAC 13.0 12 1.0 923
OPE-04 GTG ACATGC C 17.0 14 3.0 82.4
UBC-101 GCG GCTGGA G 18.0 13 5.0 72.2
UBC-103 GTG ACG CCGC 19.0 13 6.0 68.4
UBC-127 ATCTGG CAGC 15.0 13 20 86.7
UBC-155 CTG GCGGCT G 16.0 13 3.0 81.3
UBC-157 CGT GGG CAG G 21.0 11 10.0 52.4
Total 145.0 110 35.0 775.8
Average 14.5 11 3.5 776

Tree diagram for 17 variables unweighttd pair-group average 1-Pearson r

Debeikri T
Abjaro
Abjaro Abu Soof
Debeikri I
Zinari Ahmar
Anikolesb Ahmer i :l_l
Sifaira | |—
Ankoleeb Ahmer I
Dura Abied -
Rbowi——— [
Kolom [T
Atfaa gadamek | ——
Arfaa gadamak IT ———

Baham Hazaz
L
Hazaz 11

Hazaz I

0.1 0.2 0.3 0.4 0.5 0.6
Linkage distance

Fig. 1: Tree diagram constructed for 17 sorghum accessions based on their genetic distances using
10 RAPD primers

from El-Nikhala area and Abjaro in same group but Abjaro more genetically related than Debeikri
from El-Nikhala area. North Kordofan group contained Zinari Ahmer and Ankoleeb Ahmer I as
sisters, within the same group Sifaira closer to the sisters than Ankoleeb Ahmer I1. Blue Mile group
have two sisters (Kolom from Mengenza area, Kolom from Jebel El Nimir) and (Arfaa gadamak I,
Arfaa gadamak II) beside Dura Abied. The second cluster have Red Sea group alone, accessions
Baham Hazaz, Hazaz I appeared as sister where Hazaz III and Hazaz II were within the same
group, with Hazaz II more genetically distant (Fig. 1).

Six out of the 17 sorghum accessions had unique bands that distinguished them from the others
and could be useful as fingerprints. Kolom II had unique fragment that appear with the C-20,
Ankoleeb Ahmer II accession had a unique fragment with UBC-101; Dura Abied accession had
specific fragment with UBC-103; Baham Hazaz accession had a specific fragment, with primer
UBC-127; Abjaro Abu Scof accession had specific fragments with primer UBC-155 and Abjaro
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Table 3: Distance matrix among the 17 sorghum accessions studied

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 0.00
2 5.74 0.00
3 592 4.47 0.00
4 5.66 5.00 4.36 0.00
5 7.28 6.32 6.16 6.08 0.00
6 7.14 6.00 6.00 5.57 4.00 0.00
7 6.71 6.00 5.48 5.57 4.69 4.69 0.00
8 7.62 6.56 6.40 6.00 5.92 5.92 587  0.00
9 6.71 6.63 6.93 6.08 5.83 5.48 6.00 640 0.00
10 616 7.00 6.71 5.83 6.86 6.56 640 648 500 0.00
11 6.24 6.93 6.63 5.aT 6.63 6.63 632 656 529 387 0.00
12 6186 6.08 5.92 5.66 6.08 5.74 592 663 539 548 500 0.00
13 6.56 6.32 6.32 6.08 6.16 6.00 632 624 583 b5H2 566 361 0.00
14  7.48 6.56 7.14 6.93 6.71 6.40 686 663 608 678 686 566 55T 0.00
15  7.28 6.63 7.55 7.14 6.78 6.78 6.63 671 616 686 707 &574 8§66 3.87 0.00
16 8.06 7.21 7.62 7.28 6.93 6.48 6.63 671 616 686 693 608 616 458 469 0.00

17 7.00 6.93 7.21 7.14 6.93 6.93 6.78 6.86 663 6.56 6.93 592 616 436 424 469 0.00
Where; 1: Debeikri I, 2: Abjaro, 3: Abjaro Abu Soof, 4: Debeikri II, 5: Zinari Ahmer, 6: Ankoleeb Ahmer I, 7: Sifaira, 8 Ankoleeb Ahmer
II, 9: Dura Abied, 10: Kolom I, 11: Kolom II, 12: Arfaa gadamak I, 13: Arfaa gadamak II, 14: Baham Hazaz, 15: Hazaz I, 16: Hazaz
IT and 17: Hazaz II1

accession had specific fragment with primer UBC-157. Accessions Arfaa gadamak [ and Arfaa
gadamal II from the Blue Nile region were the closest to each other, where the genetic distance
matrix between them was (3.61), according to the genetic distance matrix shown in Table 3.
Whereas, accessions Debeikri [ and Hazaz 1 were the most distant among all (8.06).

DISCUSSION

In this study, the average number of amplification products produced per primer was 11 which
is higher than finding in earlier reports (Igbal ef al., 2010; Amrapali ef al., 2008, Mohamed ef al.,
2008). Accessions from Red sea region formed a distinet cluster by itself. According to
Kachapur ef al. (2009), it may be due to the presence of unique alleles inside those accessions and
such alleles are important because, they may be diagnostic for particular regions with a genome
specific to a particular type of sorghum. However, using these primers, access on specific DNA
fingerprints were found for six accessions out of 17 studied. This will be of high value for sorghum
breeders working in the improvement of the crop. Also, the primers (C-20, UBC-101, UBC-103,
UBC-127, UBC-155 and UBC-157) that showed specific fingerprints can be used in between to
screen longer spectrum of Sudanese sorghum accessions. An interesting finding from this study,
are those accessions having the same name as classified earlier based on their morphological
characteristics, appeared to be genetically different. This 1s clear for accessions Debeikri I and
Debeikri II, although they clustered within one cluster, there were considerable genetic distance
among them (Fig. 1, Table 3), the same was for Ankoleeb Ahmer I and Ankoleeb Ahmer I,
although from the same region. Hazaz I, Hazaz Il and Hazaz III similarly. Cur results are in
agreement with reports of Ayana et al. (2000) and Igbal et al. (2010) who observed no genetic
relationship with quantitative agro-morphological traits which shows no correlation between
molecular markers and morphological traits. Bzzat ef al. (2010) mentioned that different weather
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patterns, sail type and the location right cause agronomie differences among genotypes. Likewise,
an insufficient relationship between RAPD markers and agronomic descriptors was also reported
by Dahlberg ef al. (2002). Different environmental conditions might affect the phenotypie traits,
leading to clear differences even among identical genotypes (Shehzad et al., 2009). So, the
indigenous or local names given by farmers of a region cannot be considered a good guide to the
presence of diversity (Chakauya et al., 2008),

Agrama and Tuinstra (2003) reported that despite the sorghum is predominantly a self
pollinated cultivars it has unusual amount of genetic diversity. Minkir et al. (1997) also concluded
that the multiple origin theory of sorghum is also considered to be a factor contributing to the
extensive genetic diversity observed in grain sorghum.

It may be suggested that RAPD marker have important implications for accessions identification
and determination of hybridity and phylogenetic diversity of sorghum because of a requirement
of simple agarose gel electrophoresis. Kventually, our study agrees with previous studies that RAPD
analysis can be utilized with confidence in such applications (Udupa ef af., 1998; Agrama and
Tuinstra, 2003). So, it 1s concluded that RAPD technique proved to be useful to study genetic
variation among the Sudanese sorghum accessions.
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