


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

  

 مجلة أبحاث البيئة والتنمية المستدامة

 مجلة علمية محكمة تصدرها الرابطة العربية للعلوم البيئية بالتعاون مع جامعة الناصر

 م  0202يونيو(  –يناير  ( العاشرالمجلد -الثاني العدد 
 

 

 

 زٟٗظ التخسٖس

 أ. د . وبازك محىد عم٘ المجرٔب

 سٖسودٖس التخ

 أ. د . عبدالله حطين طاِش

 ٌاٟب ودٖس التخسٖس 

 أ.د .محىد شٕق٘ ٌاصس عبدالله

 ٠ِٗٛ التخسٖس

 ( ضٕزٖا )            أ. د . عاده زفك٘ عٕض 

 ( الطٕداُأ. د . وكداً الشٗخ عبدالػني ) 

 (    وصس )                 أ. د . محىٕد ضساج 

 ( اٟساتدص)           أ. د . عبدالممك بادٖظ 

 ( الٗىَ)              د . أحمد ضٗف محسً أ.

 ( الٗىَ)             د . إٌٔز محىد وطعٕد أ.

 ( الٗىَ)  . عبدٓ محىد عم٘ دِىش    أ.د

 (الٗىَ )     د. وٍير أحمد دحاُ الأغبرٙ 

 المطتشاز الفني

 أ. د . جلاه فازع كمٗب

 المساجع المػٕٙ

 خاقٕحطين محىد د.أ.

 

 

 

 

 

 

 

مٛ أحاا  الب٠ٗٛ ٔالتٍىٗٛ المطتداوٛ بٍشس البخٕ  العمىٗٛ السصٍٗٛ تسحب مج

 المكتٕبٛ بالمػٛ العسبٗٛ ٔفكاً لمشسٔط ٔالتعمٗىات الآتٗٛ:

 تكبن المجمٛ البخٕ  في الاختصاصات ذات العلاقٛ بالب٠ٗٛ ٔالتٍىٗٛ المطتداوٛ . .1

 ٖشترط في البخث إُ لا ٖكُٕ قد ٌشس أٔ قدً لمٍشس في أٙ مجمٛ أخسٝ. .2

 تخضع البخٕ  لمتكٕٖي حطب الأصٕه العمىٗٛ المتبعٛ قبن قبٕلها لمٍشس. .3

ٖكدً البخث بثلا  ٌطخ ٔاضخٛ وطبٕعٛ بالكىبٕٗتس عمٜ إُ لا تصٖد عَ )  .4

 ( ٍٖٔعي البخث ٔفل الترتٗب الات٘: A4( صفخٛ حجي )22

ومخص  –ٔ  الباحثين (  ٔعٍٕاُ عىمْ أاضي الباحث )  -عٍٕاُ البخث   -

الٍتاٟج  –وٍّجٗٛ البخث ) المٕاد ٔطسٖكٛ العىن (  –المكدوٛ  –البخث 

 ومخص البخث بالإمدمٗصٙ. –المصادز –ٔالمٍاقشٛ 

 شكاه ٔالسضٕوات ٔاضخٛ ٔوسضٕوٛ بالبٍط العسٖض .لأُ تكُٕ اأ .5

يمكَ اضتعىاه مختصسات المصطمخات العمىٗٛ المعسٔفٛ عمٜ اُ تكتب كاومٛ  .6

 عٍد أه وسٚ تسد في وتن البخث.

ُ ٖكُٕ وعبراً عَ محتٕٝ البخث أ( كمىٛ 122ٔلا ٖصٖد الممخص عَ ) ُأ .7

 وشيراً الى اِي الٍتاٟج ٔالاضتٍتاجات ٔخال٘ وَ المساجع.

زقاً وتطمطمٛ تٕضع بين قٕضين ٔتدزج في بأٖشاز الى المصادز في وتن البخث  .8

 قاٟىٛ المساجع حطب تطمطن ظّٕزِا. 

في وٕضٕعات وتخصصٛ ( Review papers ) يجٕش ٌشس دزاضات وسجعٗٛ  .9

 وكدوٛ وَ قبن مختصين ذٔٙ خبرٚ ٔاضعٛ في المٕضٕع.

عادٚ صٗاغٛ بعض الكمىات أ العبازات بما أٔ إتحتفغ المجمٛ حاكّا في حرف  .12

 ضمٕبّا في الٍشس.أٖتلاٟي وع 

 ٖصٔد صاحب البخث المٍشٕز بٍطخٛ ٔاحدٚ وَ العدد الرٙ ٍٖشس فْٗ حاثْ. .11

 تعٍُٕ المساضلات إلى: .12

 أ. د . عبدالله حطين طاِش –لتخسٖس ودٖس ا

 أوين عاً السابطٛ العسبٗٛ لمعمًٕ الب٠ٗٗٛ

 الٗىَ –صٍعاٞ 

 22967 536327-8-9 – 22967777186931ِاتف : 

 journal@al-edu.com:بسٖدإلكترٌٔ٘ 22967 536312فاكظ : 

abdullah.tahish@gmail.com : ٛوٕقع السابط Aaes-ye.org 
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Evaluation of genetic diversity in seven Yemeni indigenous 

Sorghum cultivars based on proteins, isozymes and DAN 

markers by using SDS-PAGE, Native-PAEG and RAPD-PCR 

techniques. 

Tayeb A. I. A.*, Al-Shabi, J.H.M.*, and AL-Shebani, Y. A.* 

* Dept. Agronomy & Pastures, Fac. Agric., Sana’a Univ., 

Sana’a, Yemen. 
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Associate Professor of Media, Faculty of Media, Sana’a University 

basityemen@gmail.com 

Study summary  

The study aimed to identify the extent, size and type of university youths use of

male and female students of the Gulf and Yemeni universities for YouTubeand the 

motives and areas of their uses for it and the verifications obtained from that, and it is 

considered descriptive studies, Which seeks to get acquainted with the reality of the 

uses of the Gulf and Yemeni university youth for YouTube and the verifications 

obtained from it, using the media survey method, and this study relied on the multi-

stage sample, where the vocabulary of the study reached 425 items, and the study 

reached a set of results, the most important: The size of the respondents of the sample 

that they use YouTube, whether yes Or to some extent 353 singles, and the size of 

those who do not use YouTube from the sample was 51 singles, and the volume of 

males using YouTube was higher than the size of females. On the motives for use, the 

first place among them was the motive forusing YouTube to develop my own self 

and my scientific capabilities, and about the order of the gratifications that the sample 

achieved as a result of using YouTube, the first place among them wasreligious 

gratificationAnd on the results of the studys hypotheses, the most important of 

which were the following: There was a statistically significant relationship between 

the samples use of YouTube and both the sex and specialty variables, and in the 

fields that the study community uses when following up on YouTube: There was a 

statistically significant relationship between the areas of interest and the sex and 

specialization variants 

Key wordsUses - Motivation - gratification - YouTube - Social Networking 

 

Using YouTube by Gulf and Yemeni University Students and the Obtained 

Gratifications: A Survey 

Dr. Abdulbasit Mohammed Abdulwahab Elhatami 

mailto:basityemen@gmail.com
mailto:basityemen@gmail.com
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Abstract:  

bjective: This study is to assess Impact of Motivation on Employees' 

Performance a Field Study in Aden University Headship Council 

during December 2020 the influence of tropical storage conditions the 

quality and stability of 88 selected essential motivations in the field study 

and to assess the different of employees' demographic variables according 

to their Gender, Status, Educationl level, Ages, Level of Careers, Years of 

service (GSEALY).   

    Methodology: A stratified random sample, which was chosen, 

consisted of 88 employees in 3 levels of jobs. To achieve the objectives of 

the study. The analytical descriptive method was approach and SPSS21 

was used for this purpse.  

    Results: The result were found after taking the test there is an impact 

of motivation on Employees' Performance estimated by 33.8% also there 

were a significant difference due to Gendr in favor of male and Status in 

favor of married status and there werenot any significant different 

attributed to the job levels and educatioal status and ages or years of 

experience.  

    Conclusion: in light of the results founded especially the significant 

relation between the elements of this study recommending to make 

enhance motivation Programs and to pay the attention to the employees' 

activities and to enhance the coverage of motivations system.  

Key words: motivation system, Employees' Performance, Effictness.  
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  T-Test 

  
 T 

.0.0

 82.1% 0.827 69.4% 0.589 0.748 0.046 

 
79.2% 0.769 76.2% 0.595 0.708 0.048  
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  T-Test
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.0.0

 83.1% 0.727 77.4% 0.589 0.748 0.036 

 
80.2% 0.669 73.2% 0.595 0.708 0.045  

F-One way Anova

 

One-Way ANOVA 
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 50 .00.0 . .0.02 0062. . 22. 
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Abstract: 

      The family is considered as the nucleus of societies, it is the main player in 

the economies of countries, and the guide to economic behavior. Regardless of the 

emergence of home economics as a science, it is inherent in human social life 

since its inception. With the development of economic life, the science of home 

economics flourished and developed, with the emergence of the concept of a 

circular economy achieving sustainable development, the focus was more on the 

economies of countries, while the principle in applying sustainability standards 

starts with home economics. 

The idea of home economics is almost the closest economics to the concept of 

sustainability and the optimal use of resources, from here this research comes to 

reveal the nature and importance of home economics and explain some of its 

details from which some concepts of the circular economy are reflected, and then 

clarifying the concept of circular economy in order to reach proposals to activate 

the concept of circular home economics . 

This research was partially derived from specialized sources and references in the 

field of study, and the descriptive approach was used to explain the parts of the 

topic in order to reach a suitable proposed definition of the circular home 

economy and the mechanism to activate it as an important part of the basics of the 

total economy. 

  

Circular Home Economy 

Dr. Abdulghani Ali Abdullah Sa’eed 
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1  Report of INSTITUTE MONTAIGNE, (2016), The circular economy: reconciling economic growth with 

the environment, France, P: 09; 19-34;  available at http://www.institutmontaigne.org/  seen on: 10/04/2018  

2http://masralarabia.com1046

40011048

31047

4

Available at: https://goo.gl/FdZB9D, Accessed on 19Nov. 1048 
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(1)Ton Bastein & others,(2013), Opportunities for a circular economy in the Netherlands, a report 

commissioned by the Netherlands Ministry of Infrastructure and the Environment, TNO Publisher, 

Netherlands, P:04. 

(2)Jianguo Qi ∙ Jingxing Zhao & Others,2016, Development of Circular Economy in China, Social Sciences 

Academic Press and Springer Science+Business Media, Singapore,P:29. 
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(1) Niek van den Hout, (2017), Developing a dedicated tool to support the development of domestic boilers 

for a circular economy, a Master thesis, Department of Design, Production and Management, Faculty of 

Engineering Technology, University of Twente- Netherlands, p: 53-56. 
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(1) Report of INSTITUTE MONTAIGNE, (2016), The circular economy: reconciling economic growth with 

the environment, France, P: 09; 19-34;  available at http://www.institutmontaigne.org/, seen on: 13/04/2018. 

(2)Korhonen, J.; Honkasalo, A. and Seppälä, J. (2018) Circular economy: the concept and its limitations, 

Ecological economics, 143, 37-46.  
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 و2015انًذذثح فٍ اَار/ ياَى   117(،دًً انضُك ودًً انضُك انىخًُح ،صذُفح انىالغ. رلى )يُظًح انصذح انؼانًُح نذًً انضُك -1
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 ودًً انضُك انىخًُح (..َفص انًرجغ انطاتك )يُظًح انصذح انؼانًُح نذًً انضُك 1
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(،نجُح اضرخذاو  /AC105860-Distr:Generel 9February2006Arabic original English. A الأيى انًرذذج ،انجًؼُح انؼايح ) - 1

انفضاء انخارجٍ فٍ الأغراض انطهًُح ،ذمرَر دهمح انؼًم انًشرركح تٍُ الأيى انًرذذج ووكانح انفضاء الأورتُح والأرجُرٍُ دىل اضرخذاو 

 و.5002اَهىل /ضثرًثر 32-91ذكُىنىجُاانفضاء لأغراض انصذح انثشرَح نفائذج تهذاٌ أيرَكا انلاذُُُح)لرطثح ،الأرجُرٍُ 
 فص انًصذر انطاتك، الأيى انًرذذج انجًؼُح انؼايح ،نجُح اضرخذاو انفضاء فٍ الأغراض انطهًُح ....انخ.َ- 2
 Dengue  Feverدًً انضُك .د ػثذ انمادر يطهر ،الاَررَُد - 3
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 يصذر ضاتك،الأيى انًرذذج انجًؼُح انؼايح ،- 1
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 WHO-worid.Health.organization.ح انشثكح انؼُكثىذُح الاَررَُد،.دًً انضُك ودًً انضُك انىخًُ- 1
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 .لًايح _اَثىلا _دىثٍ -كهًاخ يفرادُح،وتاء ًٍَ ػذٌ -ذمرَر ،ػذٌ ،دًً انضُك ذذصذ أرواح  انًٍُُُُ ،انًصذر انجسَرج .ضًُر دطٍُ - 1
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ً انضُك : دػىج نرذخلاخ ػاجهح  دً-يُظًح انصذح انؼانًُح انًكرة الإلهًٍُ نشرق انًرىضط ،ورلح ذمُُح ..الاَررَُد .انشثكح انؼُكثىذُح - 1

 و .1102اب أغططص -85/3/ل  إENRC583)ا (يٍ جذول الأػًال4نهرصذٌ نًرض يطرجذ  ضرَغ انرىضغ ،انذورج انثايُح وانخًطىٌ انثُذ 
 

 يصذر ضاتك، انشثكح انؼُكثىذُح ،دًً انضُك ودًً انضُك انىخًُح . 2
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 .Jonuary 24-2013_اتٍُ-جًؼُح ولاَح تلا دذود انخُرَح - 1
 6102/َُاَر 1-انؼرتٍ انجذَذ-صُؼاء-دًً انضُك فٍ دضريىخ - 2
 .sept.net.26انثرَذ الانكرروٍَ .ضثرًر،انًٍُ 62ادذاز دًً انضُك فٍ انًٍُ صذُفح- 3
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 .ضثرًثر انًٍُ 62ادذاز دًً انضُك فٍ انًٍُ ،صذُفح .َفص انًصذر انطاتك - 1
 .و،02/11/9102انف دانح تلاؽ ػٍ أيراض دًً انضُك  87زٌ ضانى .ذفشٍ وتاء دًً انضُك ،انشثكح انؼُكثىذُح .الاَررَُد .أدًذ فى- 2

صفر (.دًً انضُك ) انؼظى  وصانخ انذوَذٍ، اضرشارٌ ػاو انىتائُاخ ػذٌ انًٍُ ،يكرة انصذح ػذٌ ،،دًً ذكطُر انؼظا- 3

 و8/2015دَطًثر /كاَىٌ الاول 1436ِ.26
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 DAR -،دار انًُظىيح933اضرج انًٍُُُُ ،انُاشر انًُرذي الإضلايٍ ، انًصذر انثُاٌ ،انًجهذ وانؼذد انصثادٍ ادًذ ،انجىع وانمرم تذ- 1

ALMANDUMAH انًٍُ _انمرم _انجى ع _انذرب_انرواد فٍ لحاػذ انًؼهىياخ انؼرتُح غُريذكًح ،ذهرى فٍ يىاضُغ الأدىال انطُاضُح

 http:search.mandumah.com./Resord/224666...،انراتط
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ػايا يٍ الاضرُطاٌ فٍ ذؼس ،ضاَد َشرج فٍ ضاَد  51إشراف وذذرَر : ػثذ انطلاو يذًذ ، دًً انضُك ...لصح  -ػثذ انذًُذ انًمطرٌ - 1

 و.9002-21-31َىو  
 ادًٍ َفطك وػائهرّ يٍ دًً انضُك . -انرىػُح انصذُح  -انرئُطُح  -انشثكح انؼُكثىذُح ذذد ػُىاٌ ،ػرض يادج يرئُح - 2
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 .26sept.netانثرَذ الانكرروٍَ-ضثرًثر،انًٍُ 62و+يصذر ضاتك صذُفح 42/3102ح ولاَح تلا دذود انخُرَح ،أتٍُجًؼُ- 1
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دًً انضُك ودًً انضُك  انىخًُح ،الأضثاب  فٍ انؼانى وانًٍُ وانؼلاجاخ . يصذر ضاتك- 1

 .WHO.worid.Health.organization.وانًخاطر
 ٍ انىتائُاخ ػذٌ انًٍُ .يصذر ضاتك د صانخ انذوَذٍ يخرص ف - 2
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 )ياَى كهُُك (.Mayo.clinicدًً انضُك ،الاػراض والاضثاب ،- 1
 َفص انًصذر ،دًً انضُك  الأػراض والاضثاب. 2
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 وَكثُذَا.-دًً انضُك ..الاَررَُد .انشثكح انؼُكثىذُح - 1
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 ك ،وَة طة .دًً انضُك ،أػراض دًً انضُك ،ػلاج دًً انضُ...الاَررَُد .انشثكح انؼُكثىذُح - 1
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 الأيراض انًؼذَح ،دًً انضُك ،وزارج انصذح انطؼىدَح ...الاَررَُد.انشثكح انؼُكثىذُح- 1
 َفص انًصذر انطاتك ،الأيراض  انًؼذَح ،دًً انضُك ، وزارج انصذح انطؼىدَح.- 2
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 .و2020َُاَر /16الارتؼاء ( plos pathagens_ تهىش تاذىجُُس) نهؼهى دورَح .تؼىض يهُذش  وراثُا ًَُغ اَرمال دًً انضُك  - 1

 http:/www.scientifica merican.com...الرابط 

 .تؼىض يهُذش  وراثُا ًَُغ اَرمال فُروش دًً انضُك .َفص انًصذر - 2
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 و.1202-0202كرشاف جُُاخ ذرُاضة ترطىر يرض دًً انضُك ، .SCIENTIF IC AMERICANانؼهى.انًصذر - 1
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Roaming trade and the occupation of the public domain in Sana'a Airport 

Street  

                                                       and its effects. 

Abstract: 

    What is included in the various aspects of the research 

indicates that the roaming trade and the occupation of the public 

domain on the Airport Street in Sanaa, has begun to grow an d 

spread within the urban milieu and behind negative economic, 

social and environmental impacts, as it has become a real obstacle 

to the path of development and is one of the black points that 

increase The complexity of the urban crisis that the city is 

experiencing.  

    Therefore, the research aimed to frame the concept of the 

public domain and clarify the position of Yemeni legislation on 

the occupation of the public domain, analyze and refute the 

characteristics of street vendors, and identify the impli cations of 

street vendors and their trade, And, given that these effects may 

be related in one way or another to the reality of civilization and 

environmental distortion of the city of Sanaa, this research not 

only came in support of the criticisms witnessed by the 

phenomenon, but we are trying to identify some positive aspects of 

this trade. 

   We conducted this research by inventorying all street vendors 

on the Airport Street and component 256 street vendors, and 

conducting a set of interviews with shop owners and citizens on 

the street, and the analytical descriptive approach was relied upon 

as well as processing statistical data from tables and numbers 

through spss, and ArcGIS 10.2 To make and produce appropriate 

maps, a set of images was taken that expresses the phenomenon 

under study, and the study reached a set of results, including:  

mailto:daris_nashtan@yahoo.com
mailto:daris_nashtan@yahoo.com
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   Despite the negative effects of the roaming trade, it is not 

possible to deny the positives of living with many families and 

reducing the unemployment rate, and the best way to intervene to 

address its negative effects is to try to frame and structure it and 

include it in legal trade, and make it as one of the foundations of 

development in the city, i.e. dealing with it as one of the economic 

resources Future state and local councils. 

Key words: Occupied the public domain, the roaming business,  

the street vendors . 
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Evaluation of genetic diversity in seven Yemeni indigenous Sorghum cultivars based on 

proteins, isozymes and DAN markers by using SDS-PAGE, Native-PAEG and RAPD-PCR 

techniques. 

Tayeb A. I. A.*, Al-Shabi, J.H.M.*, and AL-Shebani, Y. A.* 

* Dept. Agronomy & Pastures, Fac. Agric., Sana’a Univ., Sana’a, Yemen. 

abstayeb@gmail.com 

This study was carried out in the objective to evaluate the genetic 

diversity in seven indigenous Sorghum cultivars collected from six 

different agro-climatic regions in Yemen, based on their biochemical 

characters (proteins, isozymes and DNA markers by using SDS-PAGE, 

Native-PAEG and RAPD-PCR techniques). The banding pattern 

profiles of total soluble proteins markers, monitored that all studied 

cultivars revealed different banding profiles, with 36 bands distributed 

in all the cultivars. Out of which, 18 unique bands could be considered 

as a positive specific biochemical genetic markers for genetic diversity 

evaluation of these cultivars. Isozyme markers (α-Esterase and 

Peroxidase) profiles revealed three bands from each of the two 

isozymes were distributed in all sorghum cultivars out of which 1 band 

was unique band that observed in one cultivar (Zaaer for α-Esterase and 

Goahri for peroxidase). These bands could be considered as a positive 

specific biochemical genetic marker for genetic diversity evaluation of 

these cultivars. All the seven used random primers monitored different 

DNA polymorphism among all the seven sorghum cultivars and 

produced a total of 80 bands (amplicons) with an average of 11.43% 

bands per primer, 0.74 polymorphic banding patterns. The overall 

results showed that all the seven primers used in this study gave 

specific unique bands for each of the studied cultivars and could be 

considered as taxonomical markers. 

Key words: Sorghum, proteins, isozymes, α-Esterase, Peroxidase, 

DAN markers, SDS-PAGE, Native-PAEG, RAPD-PCR. 
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Introduction 

Sorghum (Sorghum bicolor (L.) Moench), is a tropical plant belonging to the Poaceae 

family, is one of the most important cereal crops in the world (Anglani, 1998). Sorghum 

is a C4 crop, whom certain varieties also posses “stay green” genes that enable them to 

perform photosynthesis permanently. Furthermore, sorghum is one of the important 

staple cereals in the semi-arid regions of the world (Doggett, 1988; Rohrbach et al., 

2002). More than 35% of sorghum is utilized as a food grain and the balance is used 

primarily for animal feed, alcohol production and industrial products (FAO, 1995; 

Awika and Rooney, 2004; Dicko et al. 2006; Mehmood et al., 2008). In terms of cereal 

grains production, sorghum ranks fifth in cereal crops after wheat, rice, maize and 

barley (Smith and Frederiksen, 2000; FAO, 2006). Yemen is one of the sorghum 

producing countries for local consumption. The crop is annually grown (for grain and 

fodder purposes) on an area of 307,855 hectares with average seed yield of 164,241 tons 

per annum and percentage of 60.05 and 45.83 of total cereal area and yield, respectively 

(Agriculture Statistical Yearboook, 2017). However, Yemen is characterized by large 

biodiversity of native species, varieties and soil types adapted to different agro-

ecological zones. The country is characterized with rich genetic resources as a 

consequence of its rich biodiversity and natural resources base; associated with different 

climatic conditions and agro-ecosystems. Historically, the ancient people developed 

traditional practices to preserve the genetic resources. There was no efficient and proper 

attention given to the use of the indigenous genetic resources. There are no breeding 

programs to improve local strains, collect data, characterize research and evaluate them. 

Sustainable use of agro-biodiversity depends largely on the inherited knowledge and 

experience and understanding of natural resources. Endogenous genotypes are the result 

of long selection process (Mukred, 2007). In Yemen sorghum is extremely diverse 

throughout the growing areas, which contain pockets of isolation with an extremely 

broad and valuable genetic base for potential breeding and improvement in the country 

and the world at large. Since its domestication, the crop has been under intensive human 

selection for traits of interest by farmers and this led to the existence of extremely 

diversified local landraces. Diversity in Yemeni sorghum is based on maturity, 

adaptation to agro climate, different soils and fertility levels, moisture regimes, panicle 

types, seed colour, seed size, disease and insect resistance and grain quality. The 

presence of such a highly variable genetic pool with diverse agro-ecology adaptations 

poses an enormous challenge as well as opportunity for improvement of the crop 

(Doggett, 1988). 

Genetic diversity based on agro-morphological markers were routinely used for genetic 

diversity analysis and for establishing relationships among genotypes, but recently 

various biochemical and molecular markers have been developed as powerful tools for 

such studies. Biochemical techniques have been used to study genetic variations among 

and within different species of plants (Antonius, 1999; Vladova et al., 2000; Sharifi et 

al., 2006). Methods based on arbitrary primed-PCR (Welsh and McClelland, 1990) and 
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RAPDs (Williams et al., 1990) have become widely used in studying genetic variation 

(Fahima et al., 1999), in plant taxonomy (Adams et al., 1993) and in conservation of 

endangered species (Wang et al., 2004) in natural populations. RAPD markers are 

attractive because they are simple, quick, relatively not expensive and little amount of 

DNA quantities are required to detect relatively small amount of genetic variation 

(Ragot and Hoisington, 1993). Genetic diversity assessment with different methods and 

their comparison could provide complementary information for improvement and 

conservation programs. Indigenous sorghum land races are generally well adapted to the 

wide range of environmental conditions. This permit suggestion of high genetic 

variability. However, genetic diversity of Yemeni sorghum cultivars has not been fully 

investigated. Therefore, to fill this gap, this investigation aimed to assess the genetic 

diversity among seven indigenous sorghum cultivars collected from different agro-

climates using protein markers based on SDS-PAGE technique, tow isozymes markers 

and seven RAPD primers to detect the genetic similarities, and classify them into 

clusters, for documentation and use in crop improvement programs. 

Material and methods 

Plant Material: The plant material used in this study (Table 1) consists of seven 

indigenous cultivars sorghum grains, collected from six different agro-climatic regions 

in Yemen.  

Methods: 

SDS-PAGE: Total soluble protein (T. P.) was extracted from 0.25 g of each of the 

indigenous sorghum cultivars and applied for electrophoresis as described by Laemmli, 

(1970). 

Isozymes: α-esterases (α-EST), and peroxidase (PER) isozymes fingerprints were used 

to detect the variability among the studied sorghum cultivars, according to (Jonathan 

and Weeden, 1990; Gorinstein et al., 1999). 

RAPD-PCR: Total genomic DNA was extracted from 0.1 g of fresh leaves tissue of 

each of the studied sorghum cultivars, following the method of Dellaporta et al., (1993). 

RAPD-PCR technique was used, according to Tao et al., (1993). Seven primers were 

used for RAPD analysis from Operon Technology (USA) as shown in table (2). 

PCR reaction: For RAPD analysis, the PCR reaction was carried in in 30-µl volume 

tubes, according to (Williams et al., 1990), containing 20 pmol (2μl) of primer in 10x 

(3μl) reaction buffer, 2.5mM (3μl) of each dNTPs, 25mM (3μl) MgCl2, 250 U (0.2μl) 

of Taq polymerase and 25ng (2μl) of template (Genomic DNA) and 16.8 µl H
2
O (d.w), 

were used for the amplification of DNA. The amplification reaction was performed in 

the Eppendorf Master Cycler with an initial denaturation for 4 min. at 94oC, then 45 

cycles: 1 min. denaturation at 94oC; 1 min. annealing at 37oC; 1.5 min. extension at 

72oC. Final extension was carried out at 72oC for 12 min, then hold at 4˚C. Amplified 
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products were analyzed through electrophoresis on 1.4% agarose gels containing 0.5 x 

TBE (Tris Borate EDTA) and 0.5μg/ml Ethidium bromide to stain the DNA. The 

electrophoretic buffer (1x TBE), then covered the gel. 15 µl of DNA amplified product 

was loaded in each well and 1 kb DNA ladder mix was used as standard DNA with 

molecular weights of 20000, 10000, 7000, 5000, 4000, 3000, 2000, 1500, 1000, 700, 

500, 400, 300, 200 and 75 pb, supplied by Fermentas Life Sciences company, USA. The 

run was performed for about 1h at 80 Vin Pharmacia submarine (20 cmX20 cm). 

Statistic Gel Analysis: Gels were photographed using Digital Camera cyber-shot 12.1 

Mega-pixels and the reproducible banding patterns of each primer which produced by 

RAPD were chosen for analysis. Each gel was analysed by using (Gel Analyzer 3) 

program established by (Ahmed, 2004), scored as present (1) or absent (0), and pair 

wise comparisons between individuals were made to calculate the Dice coefficient of 

genetic similarity matrix using SPSS (Statistical Package for Social Scientists) version-

19 program (Norman et al., 1975). Cluster analysis was performed to produce a 

dendrogram using unweighted pair-group method with arithmetical average (UPGMA). 

RESULTS AND DISCUSSION 

Genetic diversity assessment with different methods and their comparison could provide 

complementary information for improvement and conservation programs. However, 

such information is not available for Yemeni sorghum landraces. To fill in this gap, 

proteins, isozyme and DNA markers were used to study genetic diversity in seven 

indigenous Sorghum cultivars, collected from different regions in Yemen. The present 

results used to find out phylogenetic relationship among them which could be 

documented to be handy for plant breeders and geneticists in their breeding programs 

development.  

Seed total soluble protein markers: Analysis of total soluble protein profiles using 

SDS-PAGE (figure 1, table 3) revealed 36 bands, distributed in all the cultivars with 

molecular weights (MW) ranging from 120.6 to 38.4 KDa, at relative front (Rf) of 0.018 

and 0.907 respectively. The highest number of bands was recorded in Zaaer (20 bands), 

the lowest one (13 bands) was recorded in Daami where the number of bands varied 

from 19 to 14 bands for the other five cultivars. Out of the 36 different bands, 11 bands 

(31%) were polymorphic (band no. 7, 11, 14, 16, 19, 20, 21, 24, 26, 27 and 35 with 

molecular weights of 116.5, 104.7, 99.2, 93.5, 84.9, 78.9, 72.7, 63.5, 61.1, 58.4 and 41.5 

KDa., respectively), while 7 bands (19%) were monomorphic (band no. 9, 10, 23, 30, 

31, 33 and 36 with molecular weights of 111.7, 108.5, 70.1, 52.9, 50.9, 47.2 and 38.4 

KDa., respectively), these bands were present in all the cultivars, in addition to 18 bands 

(50%) were unique bands which have been observed in five cultivars. Ghareb E had five 

unique bands (band no. 12, 15, 17, 18 and 22) with molecular weight of 103.759, 

96.289, 92.638, 87.986 and 72.432 KDa., also, Zaaer had four unique bands (band no. 5, 

29, 32 and 34) with molecular weight of 118.025, 56.124, 49.213 and 44.796 KDa., 

respectively) also, Goahri had three unique bands (band no. 1, 4 and 28) with molecular 



 

 
 

 0202 

 

Tayeb A. I. A.*, Al-Shabi, J.H.M 
 

Evaluation of genetic diversity in seven Yemeni indigenous 
Sorghum cultivars based on proteins, isozymes and DAN 

markers by using SDS-PAGE, Native-PAEG and RAPD-PCR 
techniques 

312 

weight of 120.638, 118.330 and 56.487 KDa., respectively) also, Shahphi had three 

unique bands (band no. 2, 8 and 25) with molecular weight of 119.864, 115.320 and 

62.700 KDa., respectively) also, Ghareb W had three unique bands (band no. 3, 6 and 

13) with molecular weight of 119.094, 117.570 and 102.695 KDa., respectively). These 

unique bands could be considered as a positive specific biochemical genetic markers 

(taxonomical markers) for evaluation of these cultivars from each other. 

SDS-PAGE markers genetic similarity analysis: Phylogenetic relationships among 

indigenous Sorghum cultivars data analysis of genetic similarity indices matrix index 

among the seven cultivars (scored as 0 and 1 for missing and appearing protein bands) 

showed high degree of genetic similarity coefficient among the sorghum cultivars 

ranged from 0.457 to 0.889, with genetic distance ranged from 0.543 to 0.111 (table 4). 

The highest similarity coefficient value was of 0.889 scored between both of Barwy and 

Daami at genetic distance of 0.111, whereas the lowest value (0.457) was scored 

between Ghareb W and Ghareb E at genetic distance of 0.543. Moreover, the other 

genetic similarity levels ranged from 0.533 to 0.848 at genetic distance of 0.467 to 

0.152 was exhibited between all the indigenous Sorghum cultivars. 

SDS-PAGE Cluster analysis obtained from the dendrogram (Figure 2) showed that the 

seven cultivars were grouped, according to genetic similarity coefficient percentage, in 

5 main clusters. The major clusters were separated on the basis of 75% coefficient of 

similarity level. Cluster I was composed of 2 cultivars (Barwy and Daami) at similarity 

coefficient of 0.97 with 0.03 genetic distance. Cluster II was composed of 2 cultivars 

(Zaaer and Goahri) at similarity coefficient of 0.85 with 0.15 genetic distance. Each of 

the clusters III, IV and V was composed of one independently separated cultivar 

(Ghareb W, Shahphi and Ghareb E, respectively). 

SDS-PAGE revealed high degree of polymorphism (81%). In addition, all studied 

cultivars showed unique markers except Barwy and Daami cultivars.  

However, biochemical marker techniques such as SDS-PAGE have been used to study 

genetic variations between and within different species of plants (Antonius, 1999; 

Vladova et al., 2000; Sharifi et al., 2006). The present results were found in agreement 

with the findings of (Ramos et al., 2006; Patra and Chawla, 2010) who used protein 

SDS-PAGE to study the genetic variability and the genetic relationship among the 

different species collected from different natural habitats (thirty cultivars of Brassica 

rapa, Cucurbitaceae, Calotropis procera and 93 germplasm accessions of Gymnema 

Sylvester R.Br). 

Isozyme markers genetic similarity: Phylogenetic relationships among indigenous 

sorghum cultivars by using isozyme markers (α-esterase and Peroxidase) isozyme 

profiles data analysis (figure 3, table 5), showed high degree of genetic similarity 

coefficient among cultivars, ranged from 0.667 to 1.000, with genetic distance ranging 

from 0.333 to 0.000. The results indicated that the highest similarity value of 1.000 was 

scored between GharebW and both of Barwy and GharebE. The same similarity value 
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scored between Goahri and both of Shahphi and Daami with genetic distance of 0.000, 

also scored between Barwy and GharebE, and also scored between Shahphi and Daami, 

whereas the lowest value of 0.667 was scored between Zaaer and both of Goahri, 

Shahphi and Daami with genetic distance of 0.333. The genetic similarity (0.800) with 

genetic distance of 0.200 was found among all of the indigenous sorghum cultivars. 

Isozyme Cluster analysis among the seven studied cultivars dendrogram (Figure 4) 

showed that the seven indigenous sorghum cultivars were grouped in three clusters 

according to genetic similarity coefficient percentage. Cluster I consisted of 3 cultivars 

(Barwy, GharebE and GharebW) at genetic similarity coefficient value of 97% with 

genetic distance of 3%. Cluster II composed of 3 cultivars (Shahphi, Daami and Goahri) 

at genetic similarity coefficient value of 97% with genetic distance of 3%, and cluster 

III had only one independently separated cultivar (Zaaer) at genetic similarity 

coefficient value of 3% with genetic distance of 97%. 

The overall results of the two isozymes systems showed that (α-esterase and proxidase) 

were more efficient to study the genetic diversity among the seven Yemeni indigenous 

sorghum cultivars. Comparable results were obtained by Fang et al. (2001), who used 

isoenzymes electrophoresis to survey genetic diversity in some accessions of barley. 

Also, the characterization and assessment of genetic diversity among maize (Zea mays 

L.) were studied by Smith (1984) using isozymes electrophoresis. Moreover, Rashed et 

al. (1998) used some isozymes electrophoresis systems to study genetic diversity in 

wheat and some related species. The existence of some minor bands might affect the 

allele scoring process. However, some researchers reported that these minor bands 

could be useful during scoring for verification of the genotypes. α-Esterase and 

Peroxidase isozyme analysis revealed high degree of polymorphism (67%). In addition, 

all indigenous sorghum cultivars did not show any unique markers except Zaaer and 

Goahri cultivars. Biochemical markers such as isozymes have been extensively used to 

study genetic variations between and within different species of plants (Youssef et al., 

2010, Marines et al., 2012, Glaszmann 1988, Barbier 1989, Morishima & Barbier 1990, 

Akimoto et al., 1998, Gao and Hong 2000, Gao and Hong 2002, Veasey et al., 2008, 

Doebley et al., 1986, Knerr et al., 1988, Nevo and Beiles 1989, Morden et al., 1990, 

Bennaceur et al., 1991, Huang et al., 1994, Buso et al., 1998, Persson et al., 2001, 

Persson & von Bothmer 2002, Ayana et al., 2001, Perfectti & Pascual 2005), who used 

isozymes NATIVE-PAGE to study the genetic variability and the genetic relationship 

among the different species (Sorghum bicolor, Oryza glumaepatula, Triticum 

dicoccoides, Phoenix dactylifera Castanea spp. Brassica rapa var. rapa and Secale 

cereal) collected from different natural habitats. The resulted profiles showed different 

patterns indicating variability among accessions of different habitats. 

Randomly Amplified Polymorphic DNA (RAPD) markers: All the decamer random 

primers used in this study successfully amplified DNA fragments and revealed DNA 

polymorphism among all of seven indigenous sorghum cultivars (Tables 7, 8). A total of 
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80 bands were produced with an average of 11.43% bands per primer with banding 

patterns polymorphism of 0.74. Among these bands 37, 21 and 22 ones were 

polymorphic, monomorphic and unique bands respectively, with an average of 50.14, 

27.29 and 22.57 percent, respectively. Only one primer (OPQ-15) showed highest 

polymorphism (100%) comparing with primer OPAX-19 which gave low 

polymorphism (50%). Ruther, the primers, OPD-11, OPE-03, OPG-05 OPL-12 and 

OPQ18 gave only 71, 71, 81, 57 and 79 per cent polymorphism respectively. 

All of the seven indigenous sorghum cultivars revealed amplicons (RAPD markers) 

across all the 7 random primers used for DNA amplification. DNA amplification in the 

seven indigenous sorghum cultivars produced varied number of amplicons which varied 

between 4 (OPAX-19) and 17 (OPE-03), with varied sizes between 45 bp (OPAX-19) 

and 4651 bp (OPQ-18). 

RAPD genetic similarity: The results of RAPD-derived data showed a high genetic 

similarity coefficient among the Sorghum cultivars ranged from 0.587 to 0.899 with 

genetic distance range from 0.42 to 0.11 (Table 6). Highest genetic similarity coefficient 

value (0.899) was observed between Zaaer and Goahri with genetic distance of 0.11, 

whereas, the lowest value (0.578) was observed between Ghareb W and Ghareb E with 

genetic distance of 0.42. The other genetic similarity coefficients ranged from 0.84 to 

0.91 with genetic distance ranged from 0.641 to 0.859 were exhibited between all 

sorghum cultivars. 

RAPD cluster analysis: The UPGMA dendrogram (Figure 6) clearly separated the 

cultivars according to their phylogenetic relation based on similarity coefficient value. 

The studied cultivars were grouped in 4 main clusters according to genetic similarity 

percentage. The major clusters were separated on the basis of 80% coefficient of 

similarity level. Cluster I was composed of 2 cultivars (Zaaer and Goahri) at similarity 

coefficient value of 1.00 with genetic distance of 0.00, whereas cluster II was 

composted of 2 cultivars Barwy and Daami at similarity coefficient value of 0.80 with 

genetic distance 0.20, while cluster III was composted of only one independently 

separated cultivar Ghareb E at similarity coefficient value of 0.42 with genetic distance 

0.58. For, Cluster IV it was composted of 2 cultivars Ghareb W and Shahphi at 

similarity coefficient value of 0.10 with genetic distance of 0.90. 

In general, our results found that all the 7 indigenous sorghum cultivars have distinctive 

banding patterns with polymorphic average of amplification products from the 7 

selected primers found to be 50.22%. These data were consistent with previous results 

obtained by (Nkongolo et al., 2008) who conducted a genetic analysis of 20 elite lines 

accessions using RAPD markers which revealed that the level of polymorphism among 

accessions was 53%. The RAPD marker in our study revealed higher level of genetic 

polymorphism (74%). These results are in agreement with studies in same species 

(Morgante and Olivieri, 1993; Powell et al., 1996; Wu and Tanksley, 1993). Many 

studies reported that level of polymorphism in sorghum detected by RAPD were; 52% 
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(Nkongolo and Nsapato 2003; Zinzala et al., 2018), 54.44% (Amrapali et al., 2008; 

Ayana et al., 2000b), 55% (Tao et al., 1993), 58% (Agrama and Tuinstra 2003), 68% 

(Chakraborty et al., 2011), 70% (Dahlberg et al., 2002), 75%-85% (Ayana et al., 

2000a), 78.94% (Mehmood et al., 2008), 89.19% (Raza et al., 2019), and 99.5% (Zahid 

et al., 2011). However, these results are agree with the conclusion of Ayana et al., 

(2000c) that RAPD analysis is an effective method of detecting high level of 

polymorphism in sorghum. Moreover, Chakraborty et al., (2011) used 11 RAPD and 

three ISSR primers to study the genetic diversity parameters of twelve varieties of 

Sorghum bicolor L. and found that RAPD markers were more efficient than ISSR 

markers with regards to detection of polymorphism, number of bands scored and 

polymorphic information content (PIC) values. 

In conclusion, our results demonstrate and confirm that RAPD analysis can be applied 

to assess the genetic diversity and phylogenetic relationship of plant species. 

 

Table (2): List of 7 meric 

ranodom primers names and 

their nucleotide sequences. 

  
Table (1): List of sorghum cultivars, with 

their code number, local name and 

collection area. Sequence Primer   Collection area Local name Code 

No. 5’CCC TGT 

CGC A 3’ 

OP-Ax19   Bani-Shibah, 

Taiz 

Ghareb (west) 1 
5’AGC GCC 

ATT G 3’ 

OP-D11   Tihamh-

alHodeida 

Zaaer 2 
5’CCA GAT 

GCA C 3’ 

OP-E3   Ans-Dhamar Goahri -

Yellow 

3 
5’CTG AGA 

CGG A 3’ 

OP-G5   Bani-Mater, 

Sana'a 

Barwy-Rebaai 4 
5’GGG CGG 

TAC T 3’ 

OP-L12   Al-Mahweet Shahphi 5 
5’TGG CGT 

CCT T 3’ 

OP-Q15   Amran Mshrge-

daami 

6 
5’CTC GCT 

ATC C 3’ 

OP-Q18   Bani-Shibah, 

Taiz 

Ghareb (east) 7 
 

Table (3): Distribution of seed-derived total soluble proteins bands in the seven indigenous 

Sorghum cultivars obtained by SDS-PAGE technique. 

Cultivars Relative 

front (Rf) 

Band 

No. GharebE Daami Shahphi Barwy Goahri Zaaer GharebW 

--- --- --- --- 120.638 --- --- 0.018 1 
--- --- 119.864 --- --- --- --- 0.023 2 
--- --- --- --- --- --- 119.094 0.028 3 
--- --- --- --- 118.330 --- --- 0.033 4 
--- --- --- --- --- 118.02 --- 0.035 5 
--- --- --- --- --- --- 117.570 0.038 6 

116.514 116.51 --- --- --- --- --- 0.048 7 
--- --- 115.320 --- --- --- --- 0.053 8 

111.665 111.66 111.665 111.66 111.665 111.66 111.665 0.078 9 
108.545 108.54 108.545 108.54 108.545 108.54 108.545 0.100 10 

--- --- 104.699 --- --- --- 104.699 0.128 11 
103.759 --- --- --- --- --- --- 0.135 12 

--- --- --- --- --- --- 102.695 0.143 13 
--- 99.185 99.185 99.185 99.185 99.185 99.185 0.170 14 

96.289 --- --- --- --- --- --- 0.193 15 
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Table (3): Distribution of seed-derived total soluble proteins bands in the seven indigenous 

Sorghum cultivars obtained by SDS-PAGE technique. 

Cultivars Relative 

front (Rf) 

Band 

No. GharebE Daami Shahphi Barwy Goahri Zaaer GharebW 

--- 93.478 93.478 93.478 93.478 93.478 93.478 0.216 16 
92.638 --- --- --- --- --- --- 0.223 17 
87.986 --- --- --- --- --- --- 0.263 18 

--- 84.868 84.868 84.868 84.868 84.868 84.868 0.291 19 
78.860 78.860 --- 78.860 78.860 78.860 78.860 0.348 20 

--- --- --- 72.712 72.712 72.712 72.712 0.411 21 
72.432 --- --- --- --- --- --- 0.414 22 
70.136 70.136 70.136 70.136 70.136 70.136 70.136 0.439 23 

--- --- --- --- 63.513 63.513 63.513 0.516 24 
--- --- 62.700 --- --- --- --- 0.526 25 
--- --- --- 61.105 61.105 61.105 61.105 0.546 26 
--- --- --- --- 58.411 58.411 58.411 0.581 27 
--- --- --- --- 56.487 --- --- 0.607 28 
--- --- --- --- --- 56.124 --- 0.612 29 

52.963 52.963 52.963 52.963 52.963 52.963 52.963 0.657 30 
50.955 50.955 50.955 50.955 50.955 50.955 50.955 0.687 31 

--- --- --- --- --- 49.213 --- 0.714 32 
47.165 47.165 47.165 47.165 47.165 47.165 47.165 0.747 33 

--- --- --- --- --- 44.796 --- 0.787 34 
41.464 41.464 41.464 41.464 41.464 41.464 --- 0.847 35 
38.380 38.380 38.380 38.380 38.380 38.380 38.380 0.907 36 

15 13 15 14 19 20 19 Total band 
Numbers inside the table represent MW 

 

Table (4): Genetic similarity coefficients of the seven indigenous Sorghum 

cultivars based on seed-derived total soluble proteins markers. 

Cultivars GharebW Zaaer 

Goahr

i 

Barw

y 

Shahph

i 

Daam

i 

Ghare

bE 

Ghareb

W 
1.000       

Zaaer 0.750 1.000      

Goahri 0.769 0.821 1.000     

Barwy 0.765 0.824 0.848 1.000    

Shahphi 0.629 0.629 0.647 0.759 1.000   

Daami 0.667 0.727 0.750 0.889 0.786 1.000  

GharebE 0.457 0.514 0.529 0.621 0.533 0.643 1.000 

 

 

Table (5(: Genetic similarity coefficients among seven indigenous sorghum cultivars 
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based on all data of isozymes markers (α-esterase and Peroxidase). 

Cultivars GharebW Zaaer Goahri Barwy Shahphi Daami GharebE 

GharebW 1.000       

Zaaer 0.800 1.000      

Goahri 0.800 0.667 1.000     

Barwy 1.000 0.800 0.800 1.000    

Shahphi 0.800 0.667 1.000 0.800 1.000   

Daami 0.800 0.667 1.000 0.800 1.000 1.000  

GharebE 1.000 0.800 0.800 1.000 0.800 0.800 1.000 

 

 

 

 

Table (7): Analysis of RAPD banding patterns of seven indigenous sorghum 

cultivars generated by using seven primers. 

p

r

i

m

e

r 

Total No. 

of bands 

Total number of bands morphs Morphs bands percentage (%) Po

ly

mo

rp

his

m 

% 

Polymorp

hic 

Monomorp

hic 

Uniqu

e 
Polymorphic 

Monomorphi

c 
Unique 

O

P

A

X

-

1

9 

4 2 2 - 50 50 - 5

0 O

P

D

-

1

1 

7 4 2 1 57 29 14 7

1 O

P

E

-

0

3 

17 8 5 4 47 29 24 7

1 O

P

G

-

0

5 

16 5 3 8 31 19 50 8

1 O

P

L

-

1

2 

14 5 6 3 36 43 21 5

7 O

P

Q

-

1

5 

8 7 - 1 88 - 13 1

0

0 

O

P

Q

-

1

8 

14 6 3 5 43 21 36 7

9 

Table (6): Coefficients of genetic similarity among indigenous sorghum cultivars by 

using all data RAPD markers. 

Cultivars GharebW Zaaer Goahri Barwy Shahphi Daami GharebE 

Ghareb W 1.000       

Zaaer 0.659 1.000      

Goahri 0.674 0.899 1.000     

Barwy 0.642 0.716 0.732 1.000    

Shahphi 0.703 0.681 0.696 0.738 1.000   

Daami 0.643 0.738 0.729 0.857 0.736 1.000  

Ghareb E 0.587 0.720 0.711 0.735 0.641 0.817 1.000 
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T

o

t

a

l 

80 37 21 22 46 26 28 7

4 A

v

e

r

a

g

e 

11.43 5.29 3.00 3.14 50.22 27.29 22.4

9 

7

3  
Table (8): Number of total, present, absent and unique bands of RAPD generated 

by seven primers in seven indigenous sorghum cultivars. 

Cultivar Primer 
Total 

number of 
bands 

Number of 
present 
bands 

Number of 
absent 
bands 

Number of 
unique 
bands 

Ghareb W 

OPAX-19 4 

2 2 - 
Zaaer 4 - - 
Gaohri 3 1 - 
Barwy 3 1 - 
Shahphi 3 1 - 
Daami 3 1 - 
Ghareb E 2 2 - 
Ghareb W 

OPD-11 7 

3 4 - 
Zaaer 6 1 - 
Gaohri 4 3 - 
Barwy 5 2 1 
Shahphi 2 5 - 
Daami 3 4 - 
Ghareb E 5 2 - 
Ghareb W 

OPE-03 17 

11 6 1 
Zaaer 8 9 - 
Gaohri 8 9 - 
Barwy 7 10 - 
Shahphi 11 6 2 
Daami 8 9 1 
Ghareb E 6 11 - 
Ghareb W 

OPG-05 16 

11 5 3 
Zaaer 8 8 - 

Gaohri 8 8 - 

Barwy 7 9 1 

Shahphi 11 5 3 

Daami 6 10 - 

Ghareb E 5 11 1 

Ghareb W 

OPL-12 14 

8 6 2 

Zaaer 11 3 - 

Gaohri 10 4 - 

Barwy 8 6 - 
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Shahphi 8 6 1 

Daami 8 6 - 

Ghareb E 7 7 - 

Ghareb W 

OPQ-15 8 

4 4 - 

Zaaer 2 6 - 

Gaohri 4 4  

Barwy 4 4 1 

Shahphi 4 4 - 

Daami 6 2 - 

Ghareb E 2 6 - 

Ghareb W 

OPQ-18 14 

7 7 2 

Zaaer 6 8 - 

Gaohri 9 5 1 

Barwy 5 9 - 

Shahphi 8 6 1 

Daami 7 7 1 

Ghareb E 6 8 - 

 

 

Figure (1): Electrophoretic banding patterns of seed-derived total soluble proteins 

fractions profiles in the seven indigenous Sorghum cultivars generated by one 

dimension SDS-PAGE technique. 
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Figure (2): Dendrogram resulted from UPGMA clustering analysis based 

on the genetic similarity polymorphism of seed-derived total soluble 

proteins markers of the seven indigenous Sorghum cultivars using SDS-

PAGE. 
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Figure )4(: Dendogram resulted from UPGMA clustering analysis based 

on all data of isozyme markers (α-esterase and Peroxidase) from seven 

indigenous sorghum cultivars by using Native-PAGE technique. 
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