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Summary

The present study detected the gene expression of heat shock
proteins HSP70, HSP90 genes and heat transcription factors HSFs in
callus cultures of Cicer arietinum L. exposed to abiotic shocks.
Murashige and Skoog (MS) medium was provided by 1.0 mg L’
naphthalene acetic acid (NAA) and 2.0 mg L' benzyl adenine (BA)
support of building up heat shock proteins HSPs which participate in
producing chickpea plants tolerant to heat, cold and Ultrasound shocks,
and its reflections on protein content, fresh weight, specific activity of

hydrogen peroxide and oxidized fats.

Embryogenic callus intiation was characterized by the ease and
speed of it's induction and development to produce compact callus from
whole embryos and friable callus from half embryos on the same MS
medium, as compared to callus. The best medium for shoot regeneration
was 0.5 mg L' Thidiazuron (TDZ) with a percentage of 100% for
embryonic callus and 76.6% for hypocotyl stem callus. The regenerated
shoots were characterized by their dense growth and short stems, while
the differentiation medium MS supplemented with an addition of 0.5 mg
L Kinetin (Kin) and 5.0 mg L™ TAA supported the differentiation of
shoots that was characterized by its elongation and stem diameter.
Decreasing sucrose concentration added to the above mentioned medium
encouraged the occurrence of the vitrification phenomenon, and the

rooting of the regenerated shoots at the same time period involved

Data indicate that high concentrations of TDZ stimulated somatic
embryo-like structures which failed to form the whole plants on MSO

medium.



The regenerated chickpea plants were adapted after the successful
rooting in 1/2MS medium that contains 1.5 mg L' NAA and 4.0 mg L’

IBA decreasing sucrose concentration to 10 g L™

The results of the current study reflected the supporting role of
short-term (5,10 minutes) and long-term (15,20 minutes) heat shock

increases each of fresh weight and protein content of the callus.

The hypocotyl stem callus led to a significant increase in its content
of proteins coupled with an increase in the activity of H,0, and
Malondialdehyde (MDA) in response to heat shock. This was reflected in

an increasing growth fresh weight of callus.
Exposing the callus to a cold shock (0°C) for 20 minutes sustained

the bio-mass of callus and its protein content with increasing levels of
H,0, and MDA. As well as ultrasound wave 47.6 KHz with exposure
periods of 5, 10, 15, 20, 30, 40, 60 minutes increased the bio-mass of
callus, its protein content and levels of MDA. It was found that the
exposing duration 40 minutes was the most appropriate to enhance
cellular activities of callus. The results indicated low levels of total
chlorophyll content in all samples of callus exposed to the physical

shocks.

The current study found that the best medium for the establishment
of cell suspension cultures is based on mannitol as a carbon source,
instead of sucrose. This is in the liquid MS medium supplemented with
the addition of 1.0 mg L' NAA and 2.0 mg L' BA. Data exhibit the
ability of cells to start their first division and subsequent divisions. To
reach 45x10* cells/ml and 34x10* cells/ml at the 4". Day of culturing of

embryonic and hypocotyl stem calli density of cell suspension cultures,

derived from embryogenic and hypocotyl stem calli were 45x10* cells /ml



and 34x10* cells/ml respectively. Cultures of the above mentioned

densities in agar drops. By promoting the formation of numerous
colonies, most of these colonies were developed into callus primordia

subsequently they produce callus cultures.

Exposing cell suspensions of embryos to 40°C/20 min. heat shock
was encouraged colony formation and numbers of callus primordia that
approached 184 primordia/drop and shock 35°C/15 minutes The
production of 124 primordium / drop in case of cell suspension of
hypocotyl stem callus. The later was developed to callus cultures.
Similarly, exposing embryogenic cell suspension and hypocotyl stem cell
suspension to ultrasonic shock at for short durations ranged from 1-5 min.
stimulated divisions of cells and formation of callus primordia at 2 and 3
min. recording rates of 92-100%. The supporting role of these shocks
enhances cellular activity continuities in callus derived from cell
suspensions. Data showed that zero celsius exposed cells were failed to
continue their division due to their exposition to cold shock moreover

colony formation and their development into callus primordia was faild.

Obviously, these results enhanced the tolerance of chickpea callus to
abiotic stresses (high and low temperatures and ultrasonic sound waves).
Additionally, induced the heat shock factors HSF genes to produce
readily heat shock proteins HSP70 and HSP90 to remove the damaged
proteins and avoid apoptosis, the expression activity of heat shock genes
and transcription factors were basically determined on the quantitive
polymerase reaction qPCR. Again, it was found that gene activity
increased with the increase of shock intensity coupled with the duration
of exposure simultaneously with the increase in the recorded RNA and

DNA concentrations.



Ultrasound shock affected the genetic expression of chickpea HSF
transcription factors negatively despite the increased expression levels of
shock protein HSP70 and HSP90 genes, which recomends the limitation

of ultrasonic use of long duration.

The sequence of nitrogen bases of the products of the specific
replication reaction was determined by PCR for thirty samples selected
from embryogenic callus, hypocotyledonous stem callus exposed to
physical shocks. Specific mutations in the sequence of nitrogenous bases
as a response to physical shocks, and the genetic tree confirmed the
existence of a link approximately 99% of the chickpea cultivars in this
study and registered in National Center for Biotechnology Information

NCBI (Enclosed).

The Cicer arietinum heat shock protein 70 (HSP70) gene and heat
shock protein 90 (HSP90) gene were registered after the correspondence
of the National Center for Biotechnology Information and obtained
accession number and became a reference to Iraq, Middle East and the
world. Ongoing work will add to this set as more type strains are

publishedand it is available for download at ID:

OL321762 ; OL321763 ; OL321764 ; OL321765 ; OL321766 ;
OL321767 ; OL321768 ; OL321769 ; OL321770 ; OL321771 ;
OL321772 ; OL321773 ; OL321774 ; OL321775 ; OL321776 ;
OL321777 ; OL321778 ; OL321779 ; OL321780 and OL321781.

Interestingly, the results indicated that chickpea plants produced
from all callus cultures retain its capability of fixing atmospheric N, as

inoculated with Mesorhizobium ciceri.
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