Deciphering In Vitro Regeneration
Capabilities of Wheat and Investigations of
Genetic Transformation in Wheat and Barley

By

Ummara Waheed
CIIT/FA09-R62-001/ATD
PhD Thesis
In
Biotechnology

COMSATS Institute of Information Technology
Abbottabad – Pakistan
Fall, 2015

COMSATS Institute of Information Technology

Deciphering In Vitro Regeneration Capabilities of
Wheat and Investigations of Genetic
Transformation in Wheat and Barley

A Thesis Presented to

COMSATS Institute of Information Technology
In partial fulfillment
of the requirements for the degree of

PhD
(Biotechnology)

By

Ummara Waheed
CIIT/FA09-R62-001/ATD

Fall, 2015

ii

Deciphering In Vitro Regeneration Capabilities of
Wheat and Investigations of Genetic Transformation
in Wheat and Barley

A Post Graduate Thesis submitted to the Department of Environmental Sciences
as partial fulfillment of the requirements for the award of Degree of PhD in
Biotechnology.

Name

Registration Number

Ummara Waheed

CIIT/FA09-R62-001/ATD

Supervisor

Dr. Mohammad Maroof Shah
Professor
Biotechnology Program
Department of Environmental Sciences
COMSATS Institute of Information Technology
Abbottabad

iii

Final Approval
This thesis titled

Deciphering In Vitro Regeneration Capabilities of
Wheat and Investigations of Genetic Transformation
in Wheat and Barley
By

Ummara Waheed
CIIT/FA09-R62-001/ATD
Has been approved
For the COMSATS Institute of Information Technology
External Examiner:

1. _____________________________________________
Prof. Dr. Safdar Hussain Shah
Director, Institute of Biotechnology and Genetic Engineering,
The University of Agriculture, Peshawar

External Examiner:

2. __________________________________________
Prof. Dr. Syed Dilnawaz Ahmad Gardezi
University of Poonch (UPR), Rawalakot
Azad Jammu and Kahmir

Supervisor:

______________________________________________
Prof. Dr. Mohammad Maroof Shah
Department of Environmental Sciences, CIIT, Abbottabad

Head/Chairperson:

______________________________________________
Prof. Dr. Arshid Pervez
Department of Environmental Sciences, CIIT, Abbottabad

Dean, Faculty of Sciences:

______________________________________________
Prof. Dr. Arshad Saleem Bhatti, CIIT
iv

Declaration
I, Ummara Waheed, CIIT/FA09-R62-001/ATD hereby declare that I have produced the
work presented in this thesis, during the scheduled period of study. I also declare that I
have not taken any material from any source except referred to wherever due, and that the
amount of plagiarism is within acceptable range. If a violation of rules on research has
occurred in this thesis, I shall be liable to punishable action under the plagiarism rules of
the HEC.

Date: ______________

________________________
Ummara Waheed
CIIT/FA09-R62-001/ATD

v

Certificate
It is certified that Miss Ummara Waheed, CIIT/FA09-R62-001/ATD has carried out all
the work related to this thesis under my supervision in Biotechnology at the Department
of Environmental Sciences, COMSATS Institute of Informational Technology,
Abbottabad and the work fulfills the requirements for award of PhD degree.

Date: ______________________
Supervisor:
_________________________________
Prof. Dr. Mohammad Maroof Shah
Biotechnology Program
Department of Environmental Sciences
CIIT, Abbottabad

Head of Department:

________________________________
Prof. Dr. Arshid Pervez
Department of Environmental Sciences
CIIT, Abbottabad

vi

DEDICATION
To
My parents
(Abu and Jiya)

vii

ACKNOWLEDGEMENTS
I am first of thankful to Almighty Allah (SWT) who gave me all the strength, courage,
determination, and true guidance in conducting this study and completing my overall
academic endeavors despite many hurdles and difficulties. I need His help at every turn
and every moment of my life.
I am grateful to my supervisor Prof. Dr. Mohammad Maroof Shah, for his excellent
supervision, continuous guidance, relentless efforts and support throughout my research
and academic career. He always pushed me forward and encouraged to have a belief in
myself. I extend my gratitude to Prof. Wendy Harwood, Department of Crop Genetics,
John Innes Centre, Norwich Research Park, UK for her guidance and assistance in the
wheat and barley transformation studies, during my stay in her laboratory. I am thankful
to the Higher Education Commission of Pakistan for providing me an opportunity to visit
the John Innes Center, UK under International Research Support Initiative Program.
I express deep gratitude to my supervisory committee including Dr. Raza Ahmad, Dr.
Amjad Hassan and Dr. Jamshaid Hussain for their great help and support in research
work and completion of thesis at CIIT Abbottabad. Particularly, I want to thank Dr. Raza
Ahmad, for extending his expertise and auspicious efforts in carrying out the tissue
culture studies of wheat and Dr. Amjad Hassan for assistance in thesis write up and
revisions. Thanks are also extended to Prof. Dr. Arshid Pervez, Head and Chairman,
Department of Environmental Sciences for support in research facilitation and to all
faculty members of the Biotechnology and Environmental Sciences Department for longlasting interest and unbendable support throughout the course of my studies and research
work. Thanks are extended to the lab and field staff of Biotechnology at CIIT
Abbottabad especially Mr. Muhammad Amjad Lab Assistant and Mr Aurangeb for their
assistance and management services during experiments.
I am grateful to my friends for their support especially Dr. Maria Siddique, Dr. Irum
Shahzadi, Miss Humaira Jamshaid, Miss Asma Khan and Monika Chetry who made my
days joyous at and outside the department.
I am highly obliged to my parents, brother and sisters Maria, Ayesha and Misbah who
supported me throughout my life and academic career. My deepest gratitude goes to my
parents who taught me the importance of having dreams, setting of goals, achieving the
targets and the art of hard work. Profound, sincere and cordial thanks to my husband, Dr.
Zahid Ishaq for his care, cooperation, encouragement and moral support during research
and thesis work which enabled me to proceed and complete this task.
.
Ummara Waheed
CIIT/FA09-R62-001/ATD

viii

ABSTRACT
Deciphering In Vitro Regeneration Capabilities of Wheat and
Investigations of Genetic Transformation in Wheat and Barley
An efficient and reliable genetic transformation system is imperative for the improvement
of food grains such as wheat and barley. While wheat transformation is complex due to
its larger genome and high ploidy level, the barley has a limiting factor of genotypic
dependency. In addition, cereals are known to be recalcitrant towards callus induction
and regeneration. The biological processes behind in vitro response are complex and
poorly understood. Selection of responsive genotypes and suitable media for tissue
culture are important for genetic transformation. Mature embryos of wheat cultivars,
lines and special stocks were used to evaluate genotypic and chromosomal response to
tissue culture with variable concentrations of 2, 4-D in MS-medium. Similarly, different
concentrations of IAA, BAP and Kinetin were used to find optimum combinations for
regeneration. Specific expression vector pBRACT 214-NDPK2 carrying NDPK2 gene
was used to compare relative Agrobacterium mediated transformation efficiency in wheat
and barley. Significant differences were found among mean values of calli obtained
under different concentrations of 2, 4-D for the tested wheat cultivars and lines. Callus
induction frequency varied widely with genotype and exogenous auxin source ranging
from 21% (Chenab 2000) to 94% (Atta Habib) at 1 and 2 mg/L of 2, 4 -D, respectively.
Most responsive cultivars and lines were Atta Habib, Siran, Iqbal 2000, Inqalab 2000,
Marvi 2000, CIITADSW2, CIITADSW4, CIITADSW5 and CIITADSW9 which yielded
maximum calli in a minimum time period of four weeks. It was found that from genome
A the chromosomes 1A, 2A showed marked effect on callus induction, while from B and
D genome the chromosome 3B, 7B, 2D, 4D and 6D were found responsible for the
callus induction response. Based on the information from the response of substitution
lines, the gene responsible for tissue culture response can be marked on to the individual
chromosomes. Most efficient regeneration response was shown in Atta Habib followed
by Siran and Chenab 2000 respectively. Wheat line CIITADSW5 showed significantly
highest regeneration potential of 31% followed by CIITADSW1, CIITADSW4,
CIITADSW5 and CIITADSW9 each with 25%. Both wheat and barley showed different
responses towards callus induction and regeneration. Both embryogenic and non
embryogenic calli were found in wheat with significantly greater tendency for
embryogenecity in barley. The barley transformed lines showed good response on the
regeneration medium as compared to wheat. PCR analysis of putative transformants
using genomic DNA analyses showed a promising transformation response in barley with
27% transformation efficiency opposed to wheat where no true transgenic was obtained
in any cultivar used in this study. The protocol developed and optimized for wheat and
barley transformation will greatly help in crop improvement programme through genetic
engineering especially in diploid relatives of cereals. Findings of this study suggested that
callus induction and regeneration were genotype and hormones dependent, but
independent of each other.
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