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ABSTRACT
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With increasing concerns from the public about genetically modified
organisms (GMO), the efficient detection of GMO and their derived products is
becoming a necessity. Because Roundup ready became the most cultivated
genetically modified (GM) crop in the world. The aim of this study compose of two
parts. Firstly, to monitor the presence of soybean in Egyptian market and to assess
the efficiency of DNA-based (PCR) detection methods for GMO screening; In this
study, 23 soybean samples were collected and analysed. The PCR assay employs
primers specific for 35S promoter. The results indicated that out of the 23 samples
treated, 19 samples gave positive results with the 35S promoter. Our results could
also confirm the presence of CP4-EPSPS gene in the 35S positive samples.
Glyphosate residues were found in detectable concentrations in GM soybean samples.

Secondly to study the effect of a diet containing genetically modified soybean
on both male and female Wistar albino rat. The body weights, food consumption,
hematology, serum biochemistry, organ weight and histopathological examination
were compared between rats fed GM Soybean and those fed non-GM Soybean after
consumption of test diets for 18 weeks. The examined biochemical blood parameters
showed that the level of triglycerides (TG) was statistically significantly higher of the
female treated groups (T1 & T2) and lactate dehydrogenase (LDH) was significantly
higher in treated groups compared to their respective controls. An elevated levels of
Alkaline phosphatase (ALP), Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT) and creatinine were observed in some of the treated groups.
Histopathological examination of selected vital organs (liver, kidney, and pancreas)
and testes or ovaries and female mammary gland revealed histological alterations
among different treated groups (T1 & T2) with their respective controls. This study
shows the necessity of efficient detection of un-authorized GMO of imported crops
and their derived products in Egypt. Also, to revise the safety standards of
consumption of diets containing GM soybean.
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Abstract

With increasing concerns from the public about genetically modified
organisms (GMOs), the efficient detection of and their derived products is becoming
a necessity. There are several methods available for detecting GMOs. In the present
investigation, polymerase chain reaction (PCR) -based method, using either
conventional or real-time PCR, has been used to discriminate between genetically
modified and non-genetically modified soybean in the Egyptian market. In this
study, 23 soybean samples were collected and analysed. The PCR assay employs
primers specific for 35S promoter, a promoter commonly used in transgenic
products. The results indicated that out of the 23 samples tested, 19 samples gave
positive results with the 35S promoter. Our results could also confirm the
presence of CP4-EPSPS gene in the 35S positive samples. Recombinant CP4-
EPSPS is a component in Roundup Ready (RUR) crops that confers resistance to the
herbicide glyphosate. Glyphosate residues were found in detectable concentrations
in GM soybean samples. This study shows the necessity of efficient detection of un-

authorized GMOs of imported crops and their derived products in Egypt.

Keywords: Genetically modified organisms, 35S promoter, NOS-3 terminator,

CP4-EPSPS, Glyphosate.
2



LIST OF CONTENTS

List of Abbreviations
List of Tables
List of Figures
I. Introduction and Aim of the Study.
I1. Review of Literature.
1. Biotechnology in Agricultural.
2. Genetic engineering in the field of Agricultural in Egypt.
3. Genetically Modified Soybean (GM soybean).
3.1. Roundup Ready soybean (RURS).
3.2. Glyphosate and diseases.
4. Detection of Genetically Modified Food.
5. Genetically modified food debate.
6.Health impact of GM soybean diet in long-term and multigenerational animal
feeding studies
6.1. The 90-day studies.
6.2. Long-term studies.
7. Health risks of genetically modified soybean
7.1. GM soybean effects on the Gastrointestinal Tract.
7.2. GM soybean effects on pancreas and kidney.
7.3. Effect of GM soybean diets on liver.
7.4. Toxicity.
8. GM soybean and immune reactions.
I11. Materials and Methods.
1. Sample collection of soybean
2. Detection of genetically modified components in soybean by PCR

2.1. DNA extraction from soybean samples

15
16
16
16
16
17
17
17

19
19
19



2.2. Conventional Polymerase Chain Reaction (PCR)
2.3. Real-Time PCR

3. Detection of glyphosate (herbicide residues) in GM soybean

4. Preparation of experimental diet

5. Compositional analyses of experimental diet.

6. Animal study.

7. Animals growth performance.

8. Sample collection.

9. Histopathological analyses.

10. Biochemical analyses.

11. Detection of genetically modified components in tissue samples by PCR
11.1. DNA extraction.
11.2. Polymerase Chain Reaction (PCR)

12. Detection of glyphosate (herbicide residues) in tissue.

13. Statistical analysis.

V. Results.

1. Detection of genetically modified soybean by PCR

2. Detection of genetically modified soybean by real-time PCR

3. Detection of glyphosate (herbicide residues) in soybean

4. Detection of genetically modified components in an experimental diet

ingredients by PCR

5. Compositional analyses of experimental diet

6. Mortality and Growth performance

7. Organs weight attributed to the final body weight

8. Hematological and biochemical blood analysis

8.1. Serum chemistry.

8.2. Hematological parameters.

9. Histopathological examination

20
20
21
21
24
26
28
28
28
30
31
31
31
32
33

34
35
37
38

39
41
46
50
50
60
65



9.1. Histopathology of the liver.
9.2. Histopathology of the kidney.
9.3. Histopathology of the pancreas.
9.4. Histopathology of the ovary and the testis.
9.5. Morphological and Histopathological Examination of Female
Mammary Glands.
10. Assessing the transfer of genetically modified DNA from feed to animal
tissue
11. Detection of glyphosate (herbicide residues) in animal tissue
V. Discussion.
VI. Summary.
VII. References.

VII1. Arabic Summary.

65
67
69
70
72

78
79
86
89



Tables

~ W0 N

10

11

12

LIST OF TABLES

Title

The composition of the experimental diet.

The composition of AIN-93G Mineral Mix.

The composition of AIN-93-VX Vitamin Mix.

Results of applied PCR methods for the screening of collected
soybean samples.

The chemical composition of Non-GM soybean meal and GM
soybean meal.

Fiber fraction analyses of Non-GM soybean meal and GM
soybean meal.

Fatty acids of Non-GM soybean meal and GM soybean meal.
Amino acids of Non-GM soybean meal and GM soybean meal.
The effect of gender (male and female), the percentage of GM
soybean meal (0%, 50% and 100) and their interaction on the
body weights, food consumption and conversion in Wistar rats.
The effect of gender (male and female), the percentage of GM
soybean meal (0%, 50% and 100) and their interaction on the
organ weights attributed to the final body weight of in Wistar rats.
The effect of gender (male and female), the percentage of GM
soybean meal (0%, 50% and 100) and their interaction on the
levels of certain biochemical parameters in the serum of Wistar
rats.

The effect of gender (male and female), the percentage of GM
soybean meal (0%, 50% and 100) and their interaction on the

levels of certain hematological parameters in Wistar rats.

v

Page
22
23
24
36
39
40
40

41
45

49

58

64



Figures
No.
1

10

11

12

LIST OF FIGURES

Title

Genetically engineered (GE) soy produced (million t) by selected
countries 2013.

Soybean meal production, imports, exports, and feed (million t) by
major import and export countries, 2013.

Genetically modified crops in Egypt.

Diagram for classification of rats to groups.

A. Agarose gel electrophoresis of PCR-based detection of GM
soybean samples with P-S35 primers.

B. Agarose gel electrophoresis of PCR-based detection of GM
soybean with EPSPS RR primers.

35S real-time PCR amplification curve of examined soybean meal
samples.

A. GC chromatogram of GM soybean meal sample

B. GC chromatogram of non-GM soybean meal sample.

Agarose gel electrophoresis of PCR-based detection of GM
soybean meal with P-S35 primers (195 bp).

Agarose gel electrophoresis of PCR-based detection of GM
soybean meal with EPSPS_RR primers (172 bP).

Body weight of male rats control and treated groups with 50% &
100% GM soybean meal.

Body weight of female rats control and treated groups with 50% &
100% GM soybean meal.

Weight gain of male and female rats control and treated groups with
50% & 100% GM soybean meal.

Page

»

»

27
34

34

35

37

37

38

38

43

43

44



13

14

15

16

17

18

19

20

21

22

23

Food consumption of male and female rats control and treated
groups with 50% & 100% GM soybean meal.

Food conversion of male and female rats control and treated groups
with 50% & 100% GM soybean meal.

The weight of liver attributed to the final body weight for male
and female rats control and treated groups with 50% & 100% GM
soybean meal.

The weight of kidney attributed to the final body weight for male

and female rats control and treated groups with 50% & 100% GM
soybean meal.

The weight of spleen attributed to the final body weight for male
and female rats control and treated groups with 50% & 100% GM
soybean meal.

The weight of heart attributed to the final body weight for male and
female rats control and treated groups with 50% & 100% GM
soybean meal.

The weight of brain attributed to the final body weight for male and
Female rats control and treated groups with 50% & 100% GM
soybean meal.

The weight of lung attributed to the final body weight for male and
female rats control and treated groups with 50% & 100% GM
soybean meal.

The weight of testis attributed to the final body weight for male rats
control and treated groups with 50% & 100% GM soybean meal.
Blood glucose of female and male rats control and treated groups
with 50% & 100% GM soybean meal.

Creatinine of female and male rats control and treated groups with
50% & 100% GM soybean meal.

VI

44

44

46

46

47

47

47

48

48

53

53



24

25

26

27

28

29

30

31

32

33

34

35

36

37

ALP of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

LDH of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

Urea of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

Tp of female and male rats control and treated groups with 50% &
100% GM soybean meal.

ALT of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

AST of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

Cholesterol of female and male rats control and treated groups with
50% & 100% GM soybean meal.

TG of female and male rats control and treated groups with 50% &
100% GM soybean.

HDL of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

ALDb of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

Ca of female and male rats control and treated groups with 50% &
100% GM soybean meal.

P of female and male rats control and treated groups with 50% &
100% GM soybean meal.

RBC of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

WBC of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

Vil

53

54

54

54

55

55

55

56

56

56

57

57

62

62



38

39

40

41

42

43

44

45

46

47

48

49

PLT of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

Hb of female and male rats control and treated groups with 50% &
100% GM soybean meal.

HCT of female and male rats control and treated groups with 50%
& 100% GM soybean meal.

Histopathology results of the liver.

Histopathology results of the kidney.

Histopathology results of the pancreas.

Histopathology results of the ovary and testis.

Whole mount preparations for the inguinal mammary glands of
female Wistar rats.

Histopathology results of mammary gland tissue in female Wistar
rats, stained with hematoxylin/Eosin.

Histopathology results of mammary gland tissue in female Wistar
rats, stained with picro-sirus red.

A. Agarose gel electrophoresis of PCR-based detection of gene
transfer from GM soybean to small intestine.

B. Agarose gel electrophoresis of PCR-based detection of gene
transfer from GM soybean to blood

GC chromatogram of the small intestine sample from group 100%

GM soybean meal.

VIl

62

63

63

66

68

69

71

73

74

75

77

77

78




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 7.165 x 10.118 inches / 182.0 x 257.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height separately
     Rotate: Counterclockwise if needed
      

        
     D:20191002154742
      

        
     0
            
       D:20191002151609
       728.5039
       Blank
       515.9055
          

     Tall
     1
     0
     427
     212
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Separate
            
                
         13
         AllDoc
         13
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     0
     3
     2
     3
      

   1
  

 HistoryList_V1
 qi2base



