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ABSTRACT 
Serovars of the bacterium Salmonella enterica are important worldwide causative agents of bacterial 

food poisoning. Of more than 1500 serovars of this species; Salmonella Enteritidis, Salmonella 

Typhimurium and Salmonella Gallinarum are the most important serovars affecting human health and 

poultry industry. They cause great economic losses both due to their implication in animal welfare and 

their ability to contaminate poultry food products forming a serious food safety problem. Early 

detection and typing of these serovars is essential for food safety regulations and poultry industry. The 

current techniques to detect and serotype these serovars are time consuming and require technical 

expertise. The aim of this work was to develop a practical PCR-based method that can detect and 

distinguish the above mentioned 3 serovars. Genomic sequence data of Salmonella Gallinarum, 

Salmonella Enteritidis and Salmonella Typhimurium was used through NCBI database (as of Month 

2015). Intensive comparative genomic analysis was conducted to identify unique segments for each 

serovar. The identified unique segments were used as specific markers to design 3 close nested PCR 

assays that can detect and distinguish the three serovars. The detection specificity of the PCR assays 

were tested using a wide range of Salmonella enterica serovars. The detection sensitivity of the three 

PCR tests was examined using 10 fold serial dilutions of the control DNAs. The analysis revealed 

unique segments for each serovar that can serve as specific genetic markers. PCR-primers for each 

unique segment produced the specific amplicon for each serovar. The developed close nested PCR 

techniques showed amplification signal of as low as (0.03 ng- 3 pg) DNA, which is 100-fold more 

sensitive than traditional PCR protocols. Three of the most important Salmonella enterica serovars, 

which are associated with poultry health and human food poisoning were detected and typed by a very 

sensitive PCR technique. The developed PCR can be used as a routine test to manage and control the 

poultry health and safety of poultry products. 
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  حليل الحاسوبيّ اBعتماد على التّ ب الموني9ّ اس للكشف عن ث9ثة أنواع من بكتيريا السّ حسّ  تطوير فحصٍ 

  

  بواسطة

 شرباتينافذ أمل 

 

 

  صملخّ ال

  

من أھم  -W سيما المعويّة-نوعٍ تقريباً، وتعتبر بعض أنواعھا  1500تختلف أنواع بكتيريا السّالمونيCّ المعروفة لتتوزع على 

 السّالمونيCّ العوامل المسببّة للتسمّم الغذائيّ الجرثوميّ عالمياً. تعتبر بعض أنواع السّالمونيCّ المعويةّ كالسّالمونيCّ الملھبة ل[معاء، و

كبيرة؛ لما التيفيةّ الفأريةّ، والسّالمونيCّ الدّجاجيةّ من أھم اrنواع التّي تؤثر على صحّة اnنسان والدّواجن، مما يسببّ خسائر اقتصاديةّ 

  تسببه من تلويثٍ لمنتجات الدّواجن الغذائيةّ، مما يشكّل مشكلة خطيرة على سCمة اrغذية والصّحة الغذائيةّ. 

كر عن أنواع السّالمونيCّ الثCّثة السابقة أمراً ضرورياًّ rنظمة السCّمة الغذائيةّ وسCمة منتجات الدّواجن، يعدّ الكشف المب

ا العمل أمCً وتتطلبّ التقّنياّت المستخدمة حالياًّ في الكشف عنھا الكثير من الوقت والمال والخبرة الفنيةّ والتقّنيةّ، وھو ما دفعنا للقيام بھذ

عمليّ، يمَُكّننا من الكشف عن اrنواع الثCّثة والتمّييز بينھا. استخُرجت لھذه الغاية بيانات تسلسل الجينوم من  PCRفحص في تطوير 

وأجُريَ تحليل مكثفّ للجينوم  )،2015 -(آذار NCBIاrنواع الثCثة (الملھبة ل[معاء، والتيفيةّ الفأريةّ، والدّجاجيةّ) من قاعدة بيانات 

طق فريدة لكل نوع منھا، وبعد إيجاد القطع الفريدة والمميزة لكل نوع على المستوى الحاسوبي، تم استخدامھا لتصميم ثCثة لتحديد منا

  المغلق المتداخل) يمكن من خCلھا الكشف والتمييّز بين ھذه اrنواع الثCّثة.  PCR(  فحوص

اع السّالمونيC المعويةّ؛ تم التّأكد بواسطته أنّ المناطق التّي تم اختبار خصوصيةّ الفحص بتطبيقه على مجموعةٍ واسعةٍ من أنو

دَةٍ لھا. أما باnشارة إلى فحص الحساس يةّ؛ فقد تم إيجادھا ھي مناطق فريدة ونادرة لكل نوع، ما يمَكّننا من اعتبارھا عCماتٍ وراثيةٍّ محدِّ

 0.03و تركيز محدّد مسبقاً، وأعطى إشارةً منخفضةً تصل إلى (تم اختباره باستخدام تراكيز مخففّة متسلسة من الحمض النوّوي ذ

  التقليديةّ. PCRضعف من فحوص  100بيكوغرام) من تركيز الحمض النوّوي، وتعتبر بذلك أكثر حساسية بما نسبته  3 – نانوغرام

الدّواجن والتسّمم الغذائيّ  مكننا ھذا الفحص من الكشف عن ثCثة من أھم أنواع السّالمونيCّ المعويةّ التّي ترتبط بصحة

حسّاسة. ويمكن استخدام ھذا الفحص كاختبار روتينيّ nدارة ومراقبة صحّة الدّواجن وسCمة  PCRالبشريّ، وتمييزھا بواسطة تقنيّة 

 منتجاتھا.

 

 
 
 
 
 
 



 v

 
 
 
 

 
 
 

Declaration 
 
 

I declare that the Master Thesis entitled "In Silico-Based Development of a Sensitive PCR Assay to 
Detect and Differentiate three major Salmonella enterica Serovars" is my own original work, and 
hereby certify that unless stated, all work contained within this thesis is my own independent research 
and has not been submitted for the award of any other degree of any institution, except where due 
acknowledgment is made in the text. 
 
 
 
 
 
Name and signature: _______________________________ 
 
Date: _______________________ 
 
 
 

Copy right © Amal Sharabati, 2016 
All rights reserved 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 vi

 
 
 
 
 

 
 

Statement of Permission to Use 
 
 

In presenting this thesis in partial fulfillment of the requirements for the joint a Master's degree in 

biotechnology at Palestine Polytechnic University and Bethlehem University, I agree that the library 

shall make it available to borrowers under rules of the library. Brief quotations from this thesis are 

allowable without special permission, provided that accurate acknowledgment of the source is made. 

Permission for extensive quotation from, reproduction, or publication of this thesis may be granted by 

my major supervisor, or in his absence by the Dean of Higher Studies or Dean of Faculty of Science 

when, in the opinion of either, the proposed use of the material is for scholarly purpose. Any copying 

or use of the material in this thesis for financial gain shall not be allowed without my written 

permission.    

 

 

 

 
Name and signature: _______________________________ 
 
Date: _______________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 vii

 
 
 
 
 

 
 
 
Dedication 

 
 
This thesis work is dedicated to my husband, Alaa, for your patience, love, friendship and 

support. 

Also to my children, Abed and Omar, for letting me experience the kind of love that people 

freely die for. 

Also to my mother, who has been a constant source of support and encouragement during 

the challenges of study and life. You has helped me along all of my life. 

 

Also to my brothers and sisters, Ahmad, Ayman, Amani, and Iman, who have always loved 

me unconditionally and whose good examples have taught me to work hard for the things 

that I aspire to achieve. 

 

Also to my husband's mother, my friends, and to anyone how help me and pray for me. 

 

I am truly thankful for having you in my life. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 



 viii

 
 
 

 
 
Acknowledgment 
 

  I would like to thank my supervisor, Dr. Yaqoub Ashhab for his guidance, support, patience and 
encouragement throughout this study 

   
I would like to thank my co-adviser, Dr. Nimer Natsheh for his guidance, and for his samples 
providing. 
 
I would like to thank all the faculty staff in the Biotechnology Master program in Palestine Polytechnic 
University. 
 
I would like to thank the laboratory technicians: Asma' Tamimi, Zayd Taradeh, and Hasan Taradeh for 
their help technical. 
 
I also thank Mr Ayman Eiadeh for providing me with the online journals that enabled me to complete 
this study. 
 

  I would like to thank Jordan Bio Industries Center (JOVAC) for his financial support. 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ix

 
 
 

 
 
 
Abbreviation 
 
BPW Buffered Peptone Water 

CDC  Centers for Disease Control and Prevention   

NTS Non Typhoidal Salmonella 

FDA 
 
Food and Drug Administration 

BLAST  
Basic Local Alignment Search Tool 

NCBI National Center for Biotechnology Information 

EU European Union 
 
 

FSIS Food Safety and Inspection Service 

AOAC Association of Official Analytical Chemists 

ISO International Organization for Standardization 

PCR Polymerase Chain Reaction 

FT Fowl Typhoid 
 

 
















































































