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erpenoid is considered the largest 

group of natural products and a 

class of secondary metabolites, which 

have been identified from different plant 

species and many other organisms with 

more than 40,000 different structures 

(Bohlmann et al., 1998). Terpenoid 

derives its shape from odd backbone 

T 

mailto:mohammedalidrc@gmail.com
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molecule called isopentenyl diphosphate 

(IPP), which have five carbon atoms (C5) 

(Wang et al., 2019 and Volke et al., 

2019). The origin name of these different 

structures comes from the terebinth tree 

(Pistacia terebinthus), so we give these 

different structures names of terpene 

(Degenhardt et al., 2009). The structure of 

these units was illustrated by Wallach 

then modified by Ruzicka (Wallach, 

1887; Ruzicka, 1953; 1959; 1973 and Pott 

et al., 2019). The plant produces multiple 

terpenoid compounds with highly diverse 

structures. Some terpenes are related to 

the primary plant metabolism such as the 

carotenoid pigments, phytol side chain of 

chlorophyll, gibberellin plant hormones, 

and phytosterols of cellular membranes 

(Trapp and Croteau, 2001; Gershenzon, 

1999; Gutensohn et al., 2013 and Luck et 

al., 2020) and are important for plant 

growth and development. However, large 

majority of terpenes that have been 

identified are categories as secondary 

metabolites and play essential roles in the 

interactions of plants with the 

environment (Christianson et al., 2006). 

Both non-volatile and volatile terpenes 

have roles in such processes as the 

predators of herbivores and protection 

against photo-oxidative stress, attraction 

of both pollinators and the direct defense 

against insects and microbes (Tholl et al., 

2006; K ollner et al., 2008 and Korankye 

et al., 2017). Numerous studies are found 

for understand in-depth the mechanisms 

of terpene and terpenoid functions. 

The genus Salvia (Lamiaceae) 

includes over than 1,000 species of 

woody aromatic shrubs, among which 

e.g., S. epidermindis, S. japonica, S. 

fruticosa, S. tuxtlensis, S. miltiorrhiza, S. 

aureus, S. przewalskii, S. santolinifolia, S. 

hydrangea, S. tomentosa, S. isensis, S. 

lavandulifolia, S. chloroleuca, S. 

glabrescens, S. nipponica, S. 

allagospadonopsis, S. macrochlamys and 

S. recognita are economically important 

and cultivated worldwide for its vast 

medicinal properties and the production 

of their essential oils (EOs). Most of wild 

and cultivated salvia species are 

distributed in Central America, South 

America, East Asia and West Asia, while 

the remaining species are spread around 

the world (Alziar, 1988-1993; Ali et al., 

2017 and Ali et al., 2018). Recently, 

Salvia species EOs have become a 

valuable source for aromatic and 

pharmaceutical research for discovering 

and identifying biologically active 

compounds (Takano and Okada, 2011; 

Ali et al., 2017 and 2018). Essential oils 

of Salvia species exhibit significant 

bioactivities, antimicrobial activities, 

including antimicrobial, anticancer, 

choleretic, anti-inflammatory, antioxidant 

and antimutagenic, 

The fragrant oil of the Salvia 

mainly contains monoterpenes, 

sesquiterpenes, diterpene and triterpene. 

The composition of the terpenes in the 

salvia genus depends on the species or 

cultivars and type of tissues (Ali et al., 

2017; 2018 and Aminfar et al., 2019). 

This study aimed at clone and 

functionally characterizes Terpene 

synthase 4 (SgTPS4) cDNA from Salvia 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gutensohn%2C+Michael
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guaranitica. Here, we report the 

expression and functional characterization 

of SgTPS4 cDNA in Nicotiana tabacum. 

The recombinant SgTPS4 catalyses (2E, 

6E)-farnesyl diphosphate to product 

bicyclogermacrene as a sesquiterpene 

through the pathway of sesquiterpenoid 

and triterpenoid biosynthesis.  

MATERIALS AND METHODS 

Plant materials and tissue collection 

Plantlets of S. guaranitica L. were 

sampled from the Wuhan Botanical 

Garden farm, China. For gene cloning, 

three biological replicates from leaves 

were sampled from four years- old S. 

guaranitica plants. The samples were 

immediately frozen in liquid nitrogen and 

then stored at −20ºC until RNA 

extraction. 

In silico analysis of SgTPS4 gene 

The nucleotide sequence of 

SgTPS4 gene was selected from our 

previous RNA-Seq (Ali et al., 2018). The 

physiochemical properties of the SgTPS4 

were determined using PROTPARAM 

software(http://web.expasy.org/protparam

). The amino acid sequencing for SgTPS4 

protein was further analyzed for protein 

subcellular location prediction using 

bioinformatics tools, WoLF PSORT 

Prediction(https://www.genscript.com/wo

lf-psort.html). Comparative sequence 

analysis of SgTPS4 was performed using 

NCBI blastx against the protein database 

(http://blast.ncbi.nlm.nih.gov/).Phylogene

tic tree was built using PhyML server 

with the default parameters of the 

(http://www.phylogeny.fr/) (Dereeper et 

al. 2008). To assess the phylogeny of the 

SgTPS4 protein sequence in relation to 

other orthologous plant TPS genes, the 

protein sequences of functionally 

characterized TPS genes were retrieved 

from the National Center for Biotechnol-

ogy Information (NCBI) database. 

RNA extraction and cDNA library 

preparation  

Total RNAs from three biological 

leaf replicates were extracted for SgTPS4 

gene cloning. Moreover, total RNAs from 

three biological replicates of N. tabacum 

were extracted for semi-quantitative RT-

PCR using the TransZol Reagent (Focus 

Bioscience, Australia) and treated with 

DNase I (Takara). RNA quality was 

examined on 1.2% agarose gels, and the 

purity was analyzed using a Nanodrop 

ND1000 (NanoDrop technologies, 

Wilmington, DE, USA). RNAs from three 

replications were mixed into one tube for 

prepare RNA pools that will used to 

syntheses cDNA libraries. Two 

micrograms of total RNA (900 ng 

approximately) per sample was used for 

the synthesis of total cDNA with 

TransScript® First-Strand cDNA 

Synthesis SuperMix (TransGen Biotech, 

Beijing, China). Afterwards, PCR was 

performed for cDNA synthesis at 42ºC for 

15 min followed by 85ºC for 5 second 

https://en.wikipedia.org/wiki/Catalysis
https://en.wikipedia.org/wiki/Bicyclogermacrene
http://web.expasy.org/protparam/
http://web.expasy.org/protparam/
https://www.genscript.com/wolf-psort.html
https://www.genscript.com/wolf-psort.html
http://blast.ncbi.nlm.nih.gov/
http://www.phylogeny.fr/
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(Ali et al., 2017 and 2018). 

Full-length terpene synthase cDNA 

clone and vector 

Full-length cDNAs for SgTPS4 

was obtained by PCR amplification using 

short and long gene-specific primers 

based on RNA-Seq sequence information 

from our transcriptome sequencing of S. 

guaranitica leaves (Ali et al., 2017 and 

2018). Leaf cDNA was used as a template 

for the initial PCR amplification and 

performed using short primers, such as 

SgTPS4 

Forward: 
5′-ATGAAACACCAACACTCTTCTCTCT-3′ 

Reverse: 
5-TTCAGTGTTCATCTGTGATTACAACGATT-

3 

with the TaKaRa Ex Taq® DNA 

Polymerase (TaKaRa, China) under the 

following PCR conditions: 4 min at 96ºC 

followed by 12 s at 98ºC; 30 s at 58ºC 

(Annealing temperatures), 2.20 min at 

72ºC, and then 10 min at 72ºC. This 

process was repeated for 30 cycles. The 

first PCR products was used as a template 

for the PCR cloning using long primers, 

such as SgTPS4  

Forward: 
5′-GGGGACAAGTTTGTACAAAAAAGCA 

GGCTTCATGAAACACCAACACT-3′ 

Reverse: 
5′-GGGGACCACTTTGTACAAGAAAG 

CTGGGTTTCAGTGTTCATCTGT-3′ 

with the TaKaRa Ex Taq® DNA 

Polymerase for the Gateway pDONR221 

vector. The amplified PCR bands were 

purified from agarose gel and binding to 

pDONR221 vector, then our target gene 

were transfer to pB2GW7 overexpression 

vector for N. tabacum plant 

transformation. The positive construct 

vectors that containing our target gene 

was confirmed by sequencing. 

Semiquantitative RT-PCR analysis  

Semiquantitative real-time PCR 

was performed on a Eppendorf PCR 

(Master cycler Nexus PCR Machine from 

Eppendorf, UK) system with a total 

reaction volume of 25 µl. A gene-specific 

primer for NtEF-1α forward: 5′-

TGGTTGTGACTTTTGGTCCCA-3′ and 

reverse: 5′-

ACAAACCCACGCTTGAGATCC-3′ was 

used as a reference gene with 155 bp,  and 

SgTPS4 forward: 5′-

ATCTTCGTGCTTTGCTACTC -3′ and 

reverse:  5′-

ATTATGCGACTCGTCTTCTTC-3′  with 

155 bp length, gene involved in the 

biosynthesis of Terpene synthase 4 

(SgTPS4), were designed using the primer 

designing tools of IDTdna 

(http://www.idtdna.com/scitools/Applicati

ons/RealTimePCR/). Semi-qRT-PCR was 

ran using the following program [95°C for 

4 min, 95ºC for 30 s, 58ºC for 30 s, 72ºC 

for 1 min and 72ºC for 10 min] for 35 

cycles. The PCR products were resolved 

on 1.6 % agarose gel, and the expression 

levels of NtEF-1α and SgTPS4 genes 

were detected. 

Nicotiana plant growth conditions and 

preparation of Agrobacterium cultures 

for infection  

Wild-type N. tabacum plant seeds 

were grown under standard greenhouse 

conditions for ten days at our lab. Our 

construct vector pB2GW7-SoTPS4 was 

http://www.idtdna.com/scitools/Applications/RealTimePCR/
http://www.idtdna.com/scitools/Applications/RealTimePCR/
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inserted into Agrobacterium strain 

EHA105 using direct electroporation 

method. Recombinant A. tumefaciens was 

grown for two days at 28ºC in solid LB 

media supplemented with 50 μg/ml each 

of rifampicin and spectinomycin. An 

individual colony was inoculated into 1.0 

ml of liquid medium and grown at 28ºC 

under 200 rpm agitation overnight with 

the same media composition. After one 

day, 1.0 ml from liquid medium sample 

was transferred to a 250-ml conical flask 

containing 50 ml of LB media 

supplemented with the same 

compositions; the sample was grown at 

28°C in a shaker overnight until an optical 

density of 0.7-1.0 (OD 600) was reached. 

Overnight cell culture was harvested by 

centrifugation at 4,500 rpm for 12 min at 

4ºC, and the pellet was re-suspended in 

the infection medium (50 ml of LB-free 

media + 50 μl of acetosyringone). N. 

tabacum plantlet leaves were sampled and 

sterilized using 70% ethanol for 30 s, then 

0.1% HgCl for 6 min, after that washing 

three times for 3 min using sterilized cold 

water. Then, leaves without petiole and 

midrib were cut into small pieces and 

soaked into infection media for 10 min. 

The transformation procedure was 

performed as described previously 

(Sunjung, 2006 and Ali et al., 2017). 

More than 12 individual transgenic 

tobacco lines were generated and 

examined with PCR for positive 

transgenic lines. The positive transgenic 

tobacco plants were selected for isolation 

the terpenoid. 

Phenotypic evaluation 

Transformed plants were watered 

and fertilized regularly with Miracle Gro 

fertilizer (Scott’s Company, USA) 

prepared according to manufacturer’s 

instructions for phenotypic comparisons 

between N. tabacum plants transformed 

with SgTPS4 and its counterpart wild-type 

plants. Plants were grown in growth 

chamber at a temperature of 22ºC 

day/20ºC night with humidity of 60-70%, 

and photoperiod at 16 hours day/8 hours 

night, with a light density of 100–150 μ 

moles m−2 s−1 using fluorescent bulbs 

for vegetative growth and for flowering, 

respectively. Plants were assessed about 

leaf morphology, growth and terpene 

metabolic. 

Metabolite extraction from transgenic 

N. tabacum leaves 

Terpenoid compounds from non-

transgenic N. tabacum leaves (wild type) 

and transgenic N. tabacum leaves 

containing SgTPS4 expression construct 

were extracted and isolated. For this, 

twelve leaves from each transgenic N. 

tabacum line (one leaf from each plant) 

and  wild type were homogenized in 

liquid nitrogen with a mortar and pestle, 

then the powder  was soaked in Amber 

storage bottles ((20 ml screw-top vials 

with silicone/PTFE septum lids) 

(http://www.sigmaaldrich.com)) 

containing n-hexane as a solvent. After 

that, Amber storage bottles were 
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incubated in shaking at 37ºC and 210 rpm 

for 70 h.  Afterward, the supernatant 

solvent was collected by centrifuged at 

5,000 rpm for 10 minutes at 4ºC, then 

pipette into glass vials and concentrated to 

1.5 ml of concentrated oils under a stream 

of nitrogen gas with a nitrogen evaporator 

(Organomation; Toption-China-WD-12). 

The concentrated oils were transferred to 

a fresh 1.5 ml crimp vial amber glass, and 

placed on the auto-sampler of the gas 

chromatography mass spectrometer (GC-

MS) system for GC-MS analysis as 

described previously by (Ali et al. (2017 

and  2018). 

GC-MS analysis of essential oil 

components 

Shimadzu model GCMS-QP2010 

Ultra (Tokyo, Japan) system was used for 

GC analysis. An approximately 1µl 

aliquot of each sample was injected (split 

ratios of 15:1) into a GC-MS equipped 

with an HP-5 fused silica capillary 

column (30 m x 0.25 mm ID, 0.25 µm 

film thicknesses),  and Helium at 1.0 

ml/min
-1

 as carrier gas.. The mass spectra 

were monitored between 50- 450 m/z. 

Temperature was initially under 

isothermal conditions at 60ºC for 10 

minutes. Temperature was then increased 

at a rate of 4ºC/min
-1

 to 220ºC, held 

isothermal at 220ºC for 10 minutes, 

increased by 1ºC/ min
-  1

 to 240ºC, held 

isothermal at 240°C for 2 min, and finally 

held isothermal for 10 minutes at 350ºC. 

The volatile constituents were identified 

based on the mass spectra stored in the 

NIST Library (2014 edition), Volatile 

Organic Compounds (VOC), Wiley 

GC/MS Library (10
th

 Edition) (Wiley, 

New York, NY, USA), and the Analysis 

S/W software. The relative % amount of 

each component was calculated by 

comparing its average peak area to the 

total areas. The GC-mass experiments 

was repeated three times with the same 

conditions, with total GC running time 

was 80 minutes (Ali et al., 2017 and 

2018). 

RESULTS AND DISCUSSION 

Isolation of full-length terpene synthase 

4 (SgTPS4) genes and sequence 

characterization 

The SgTPS4 gene has an open 

reading frame of 2289 bp, which encodes 

a 763 amino acid protein with a calculated 

molecular mass of 82.54 kDa and a 

theoretical isoelectric point (pI) of 9.59. 

The WoLF PSORT Prediction tools used 

to analyzed the SgTPS4 protein 

subcellular location prediction, suggests 

that SgTPS4 is localized at different 

organelles (such as, Mitochondrial, 

Chloroplast, Peroxisomal, Nuclear, Golgi 

and Vacuolar) with different presence and 

identity level from 13.9723% to 

11.1732% (https://www.genscript.com/ 

tools/wolfpsort/detail?file=2021/10/02/htd

ocs/results/163320872328765.detailed1.ht

ml#163320872328765 ). Based on the 

blastx analysis (Table 1), the closest 

homologue to SgTPS4 is the  

Bicyclogermacrene synthase-like from 

Salvia splendens, which it shares 97.07 % 

identity. Although the level of amino acid 

https://www.genscript.com/tools/wolf-psort/detail?file=163320872328765.alignment1.html#At2g39810.1
https://www.genscript.com/tools/wolf-psort/detail?file=163320872328765.alignment1.html#At3g22780.1
https://www.genscript.com/%20tools/wolfpsort/detail?file=2021/10/02/htdocs/results/163320872328765.detailed1.html#163320872328765
https://www.genscript.com/%20tools/wolfpsort/detail?file=2021/10/02/htdocs/results/163320872328765.detailed1.html#163320872328765
https://www.genscript.com/%20tools/wolfpsort/detail?file=2021/10/02/htdocs/results/163320872328765.detailed1.html#163320872328765
https://www.genscript.com/%20tools/wolfpsort/detail?file=2021/10/02/htdocs/results/163320872328765.detailed1.html#163320872328765
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_AJT60358
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_AJT60358
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
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sequence similarity between SoAMYS and 

the other homologues was relatively 

higher (≧84.89%). On the other hand, 

Phylogenetic analysis of the deduced 

amino acid sequence of SgTPS4 showed 

that it belongs to the TPS-c subfamily of 

angiosperm sesquiterpene synthases 

which may be encodes sesquiterpene and 

diterpenes (Chen et al., 2011; Bohlmann 

et al., 1998; Külheim et al., 2015 and 

Danner et al., 2011) (Fig. 1). To date, 

seven TPS subfamilies have been detected 

and identified  in various plant species 

genomes,  including Selaginella 

moellendorffii (Li et al., 2012), Camellia 

sinensis (Zhou et al., 2020), Eucalyptus 

globulus (Külheim et al., 2015), Daucus 

carota (Keilwagen et al., 2014), 

Arabidopsis thaliana (Aubourg et al., 

2002), Solanum lycopersicum (Falara et 

al., 2011), Malus domestica 

(Nieuwenhuizen et al., 2013), and Vitis 

vinifera (Martin et al., 2010). 

Functional characterization of Terpene 

synthase 4 (SgTPS4) genes in 

transgenic N. tabacum leaves 

The role and product specificity of 

SgTPS4 was determined by generating 

transgenic N. tabacum. Overexpression of 

SgTPS4 in N. tabacum was accomplished 

using A. tumefaciens strain EHA105 

harboring the transformation vector 

pB2GW7-SgTPS4. Using the Agrobacte-

rium-mediated transformation method, 

more than twelve transgenic N. tabacum 

plants were successfully generated. These 

plants have large green oval leaves (Fig. 

2A). In contrast, the non-transformants 

plants showed small green oval leaves 

(Fig. 2A). The putative transformants 

were further verified using semiquantita-

tive RT-PCR of the plant genomic cDNA. 

Fully mature leaves from twelve putative 

transgenic plants and three wild type 

plants were collected for RNA extraction 

and cDNA synthesis. All the putative 

transformants showed high expression of 

the SgTPS4 gene by the amplification of a 

distinct band at 155 bp, which was absent 

in the wild type plants (Fig. 2B). This 

result confirmed the presence of the 

SgTPS4 gene in the genomes of the 

transgenic plants. Two of the transgenic 

plants, designated as OE- SgTPS4-1 and 

OE- SgTPS4-2, were selected for further 

analysis. Meanwhile, from the 

morphological analysis, wild type plants 

showed a little delayed in growth with a 

few number of leaf compared to the 

transgenic plants (Figs. 2A and B). In 

context, the obtained findings are in line 

with our previous works of Ali et al. 

(2017 and 2018) who reported that the 

overexpression of genes that involved in 

the terpenoid biosynthesis, such as 

SoLINS, SoNEOD, SoTPS6, SoSABS, 

SoCINS, SgGPS, SgFPPS and SgLINS 

from S. officinalis and Salvia guaranitica 

in N. tabacum and A. thaliana, also 

resulted in delayed growth and flowering 

formation in wild type plants compared to 

the transgenic plants. 

Metabolite extraction from transgenic 

and non- transgenic N. tabacum  leaves  

Phytochemicals were extracted 

from transgenic and non- transgenic (wild 

type) N. tabacum leaves with hexane and 
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analyzed by GC-MS to identify the 

specific product produced by 

transformation with the SgTPS4 gene. 

Various types and amounts of terpene 

compounds were observed, and the 

quantities of terpene were represented by 

the percentage of peak area (% peak area). 

Compounds were identified in transgenic 

N. tabacum and non- transgenic (wild 

type plants) as the control by comparing 

their mass spectra of the compounds with 

mass spectra libraries. The detected 

components were also confirmed by 

comparing them with the published 

references and extracts of wild-type N. 

tabacum which produce different types 

and amounts of terpenoids. 

Overexpression of SgTPS4 genes in N. 

tabacum plants produced different 

amounts of sesqui-, di- and triterpenes. 

Moreover, from the results shown in 

Table (2) and Fig. (3), very clear 

differences were observed for the 

transgenic plants, as an additional peak 

was present at the retention time of 

50.461. This peak was characterized as 

Bicyclogermacrene compound, based on 

the closest mass spectra with the data 

stored in the Wiley GC/MS Library (10
th

 

Edition) (Wiley, New York, NY, USA) 

https://www.chromservis.eu/p/wiley-10
th

-

edition-library-in-nist-format, volatile 

organic compounds (VOC) http://www. 

physchem.uni-wuppertal.de/voc-database 

, analysis S/W software https://www. 

acronymfinder.com/Software-(S%2FW). 

html, and the NIST Library (2014 edition) 

https://webbook.nist.gov/cgi/cbook.cgi?N

ame=hopanoid&Units=SI.The production 

of Bicyclogermacrene by SgTPS4 was in 

agreement with the findings from Ali et 

al., (2017 and 2018) and Su-Fang et al., 

(2014). These results also showed that the 

overexpression of terpene syntheses genes 

introduced by Ali et al., (2017 and 2018) 

and Su-Fang et al., (2014), does not affect 

the product specificity of SgTPS4 in 

producing Bicyclogermacrene. Having 

obtained the similar terpene products in 

both N. tabacum and A. thaliana, we have 

showed that SgTPS4 was responsible for 

the production of Bicyclogermacrene as a 

sesquiterpene through the pathway of 

sesquiterpenoid (Wang et al., 2016 and 

Ro et al., 2006). 

In conclusions, the diversity of the 

sesquiterpenes found in S. guaranitica 

renders this plant a major resource for 

research related to sesquiterpene 

biosynthesis. In this study, we cloned and 

functionally characterized one of the 

scarcely expressed sesquiterpene synthase 

(SgTPS4), which is responsible for the 

production of Bicyclogermacrene in S. 

guaranitica. Also, transgenic technology 

was applied by overexpressing SgTPS4 in 

N. tabacum. Positive growth acceleration 

was clearly observed in the transgenic 

lines OE-SgTPS4-1 and OE-SgTPS4-2. 

These two plants showed a high 

expression of the SgTPS4 gene, which 

resulted in the production of 

Bicyclogermacrene. The 

Bicyclogermacrene produced in these N. 

tabacum transgenic plants indicated the 

effectiveness of N. tabacum in 

synthesizing the same product as a 

sesquiterpene through the common 

pathway of sesquiterpenoid and 

https://www.chromservis.eu/p/wiley-10th-edition-library-in-nist-format
https://www.chromservis.eu/p/wiley-10th-edition-library-in-nist-format
https://webbook.nist.gov/cgi/cbook.cgi?Name=hopanoid&Units=SI
https://webbook.nist.gov/cgi/cbook.cgi?Name=hopanoid&Units=SI
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triterpenoid biosynthesis. SgTPS4 protein 

exhibits a strong sequence similarity to 

other sesquiterpene synthases, and 

clustered under TPS-c group. This 

research strongly suggests the potential 

usage of the N. tabacum plant as a model 

system for studying the 

Bicyclogermacrene synthase gene from S. 

guaranitica for understanding of plant 

sesquiterpenoid biosynthesis and the 

potential for biotechnology application. 

SUMMARY 

Salvia guaranitica is a medicinal 

and aromatic plant with highly valued in 

traditional medicine for its abundance of 

terpenes, especially the monoterpenes 

(C10) and sesquiterpenes (C15). Various 

terpenes were believed to contribute to the 

many useful biological properties in 

plants. This study aimed at cloning and 

functionally characterizes a full length 

sesquiterpene synthase gene from S. 

guaranitica. Terpene synthase 4 (SgTPS4) 

has a complete open reading frame (ORF) 

of 2289 base pairs encoding a 763 amino 

acids protein. The phylogenetic tree 

demonstrates that SgTPS4 protein was 

clustered into the subfamily TPS-c, which 

belongs to the angiosperm terpenoid 

synthase. To examine the function of 

SgTPS4, we expressed this gene in N. 

tabacum. Two transgenic lines, 

designated as OE- SgTPS4 -1 and OE- 

SgTPS4 -2 were further characterized, 

both molecularly and functionally. The 

wild type plants showed a little delayed 

growth compared to the transgenic plants. 

Gas chromatography-mass spectrometry 

analysis of the transgenic plants showed 

that SgTPS4 was responsible for the 

production of Bicyclogermacrene. This is 

the first report of a gene involved in the 

Bicyclogermacrene as a sesquiterpene 

from S. guaranitica plant. 
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Table (1): BLASTX analysis SgTPS4 was compared with the NCBI protein database for 

gene identification purposes. 

NCBI Accession 
a
Descriptiona Organism 

𝐸 
value 

Identity 

(%) 

Accession 

length 

XP_041989963.1 

Bicyclogermacrene 

synthase-like  

Salvia 

splendens 0 97.07% 555 

XP_041993267.1 

Bicyclogermacrene 

synthase-like isoform  

Salvia 

splendens 0 86.76% 557 

XP_042006403.1 

Bicyclogermacrene 

synthase-like 

Salvia 

splendens 0 72.81% 558 

XP_042005662.1 

Bicyclogermacrene 

synthase-like  

Salvia 

splendens 0 69.27% 559 

XP_042008743.1 

Bicyclogermacrene 

synthase-like  

Salvia 

splendens 0 71.06% 559 

XP_042006468.1 

Bicyclogermacrene 

synthase-like 

Salvia 

splendens 0 70.52% 557 

XP_041993268.1 

Bicyclogermacrene 

synthase-like isoform  

Salvia 

splendens 0 84.89% 485 
a
Description—homology search using blastx. 

  

https://www.ncbi.nlm.nih.gov/protein/XP_041989963.1?report=genbank&log$=prottop&blast_rank=1&RID=MSTCVTGP01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_041989963
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_041989963
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/protein/XP_041993267.1?report=genbank&log$=prottop&blast_rank=2&RID=MSTCVTGP01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_041993267
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_041993267
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/protein/XP_042006403.1?report=genbank&log$=prottop&blast_rank=3&RID=MSTCVTGP01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_042006403
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_042006403
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/protein/XP_042005662.1?report=genbank&log$=prottop&blast_rank=5&RID=MSTCVTGP01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_042005662
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_042005662
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/protein/XP_042008743.1?report=genbank&log$=prottop&blast_rank=10&RID=MSTCVTGP01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_042008743
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_042008743
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/protein/XP_042006468.1?report=genbank&log$=prottop&blast_rank=11&RID=MSTCVTGP01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_042006468
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_042006468
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/protein/XP_041993268.1?report=genbank&log$=prottop&blast_rank=12&RID=MSTCVTGP01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_041993268
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_XP_041993268
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=180675
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Table (2): The major terpenoid compositions in transgenic N. tabacum leave over-

expressing of SgTPS4. 

N Compound name 
R.T 

(min.) 
Formula 

Molecula

r Mass  

 (g mol-

1) 

Terpene 

of Type 

% Peak area 

NtW.T SgTPS4 

1 
6-Amino-o-toluic acid; Benzoic 

acid, 2-amino-6-methyl- 
6.882 C8H9NO2 151.1626   11.13  

2  Lupetidin 8.217 C7H15N 113.2007   0.61  

3  Piperidine, 2,6-dimethyl-;  14.27 C7H15N 113.2007   1.44  

4 4-Pipecoline 14.845 C6H13N 99.1741   1.38  

5 Dimethylsiloxane cyclic trimer 17.016 
C6H18O3Si

3 
222.4618   4.44  

6 
 3,5-Dihydroxy-6-methyl-2,3-

dihydro-4H-pyran-4-one 
19.901 C6H8O4 144.1253   1.34  

7 Dimethylsiloxane cyclic trimer 26.286 
C6H18O3Si

3 
222.4618   0.59  

8 L-(-)-Nicotine 27.823 C10H14N2 162.232   50.96  

9 α-Nicotine 28.319 C10H14N2 162.232   4.13  

10 
Tetradecamethylcycloheptasiloxa

ne  
29.69 

C14H42O7S

i7 
519.0776    0.02 

11 trans-β-Ionone 30.644 C13H20O 192.2973    0.05 

12 Topanol;Stavox 31.345 C15H24O 220.3505 Sesqui  0.07 

13 
Ethyl 

isopropylidene(cyano)acetate 
32.112 C8H11NO2 153.1784   0.92  

14 
Hexadecamethylcyclooctasiloxan

e 
34.574 

C16H48O8S

i8 
593.2315    0.06 

15 Bisphenol C 34.748 C17H20O2 256.3395   0.61  

16 6-Aminouracil 35.302  C4H5N3O2 127.1014   0.55  

17 m-Cresyl N-methylcarbamate 36.029 C9H11NO2 165.1891    0.09 

18 
2(1H)-Pyrimidinone, tetrahydro-

1,3-dimethyl- 
37.487 C6H12N2O 128.1723   2.72  

19 Myristaldehyde 37.76 C14H28O 212.3715    0.14 

20 
(+)-Pyrethronyl (+)-trans-

chrysanthemate; 
38.579 C21H28O3 328.4452   1.28  

21 
Octadeamethyl-

cyclononasiloxane 
38.761 

C18H54O9S

i9 
667.3855    0.14 

22 Methyl isohexadecanoate  39.636 C17H34O2 270.4507    0.39 

23 
2(1H)-Pyrimidinone, tetrahydro-

1,3-dimethyl- 
40.11 C6H12N2O 128.1723   3.37  

24 
Hexadecane, 1,2-epoxy-; 

Hexadecylene oxide 
40.777 C16H32O 240.4247    1.29 

25 Cyclohexane, tert-pentyl- 42.053  C11H22 154.2924   0.53  
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26 
Alpha.-Linolenic acid, 

trimethylsilyl ester 
42.458 

C21H38O2S

i 
350.6107    0.8 

27 1-(3-methylbutyryl)pyrrolidine 42.837 C9H17NO 155.237   0.76  

28 Palmitic acid, methyl ester 43.187 C17H34O2 270.4507    0.1 

29 Linolenic acid, methyl ester 44.012 C19H32O2 292.4562    3.48 

30 Bromocriptine 44.52 
C32H40BrN

5O5 
654.594   1.84  

31 n-Hexadecanoic acid 44.686 C16H32O2 256.4241     

32 
2,5-Piperazinedione, 3,6-bis(2-

methylpropyl)- 
45.151 

C12H22N2

O2 
226.3153     11.74 

33 Palmitic acid 45.848 C16H32O2 256.4241   2.94  

34 
Hexadecamethylcyclooctasiloxan

e 
45.865 

C16H48O8S

i8 
593.2315   5.33  

35 4,8,13-Duvatriene-1,3-Diol  45.95 C20H34O2 306.4828     0.3 

36 1,3-Distearin 46.238 C39H76O5 625.018     0.2 

37 δ-Guaiene; 46.392 C15H24 204.3511 Sesqui   0.11 

38 (+)-Ledol 46.691  C15H26O 222.3663 Sesqui   0.65 

39 All-trans-Retinol acetate 46.926 C22H32O2 328.4883     0.63 

40 

Methyl cis,cis-9,12-

octadecadienoate; Methyl 

linoleate 

47.192  C19H34O2 294.4721    0.87 

41 Linolenic acid, methyl ester 47.341 C19H32O2 292.4562    0.45 

42 Phytol 47.603 C20H40O 296.531 Diter   0.74 

43 4,8,13-Duvatriene-1,3-Diol  48.064 C20H34O2 306.4828    4.82 

44 Cycloartanyl acetate 48.148 C32H54O2 470.77    1.22 

45 Phytol, TMS derivative 48.303 C23H48OSi 368.7121 Diter 0.64  

46 Geranylgeraniol 48.418 C22H36O2 332.52     0.28 

47 α-Linolenic acid; 48.907 C18H30O2 
278.429

6 
    23.73 

48 Stearic acid 49.281 C18H36 284.477     2.86 

49 cis-Bicyclogermacradiene 49.552 C15H24 
204.351

1 
Sesqui   1.15 

50 (Z)-9-Tetradecenal 50.013 C14H26O 210.36   2.49  

51 Bicyclogermacrene 50.461 C15H24 
204.351

1 
Sesqui   33.8 

52 d-Ledol 51.493  C15H26O 
222.366

3 
Sesqui   0.07 

53 
Octadeamethyl-

cyclononasiloxane 
52.037 

C18H54O9S

i9 

667.385

5 
    0.65 

54 
6,9-Octadecadienoic acid, 

methyl ester 
53.436 C19H34O2 

294.472

1 
    0.05 
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55 Squalene 54.046 C30H50 410.718 Triter   0.43 

56 n-Heneicosane  54.964 C21H44 
296.574

1 
    0.05 

57 
Octadeamethyl-

cyclononasiloxane 
56.355 

C18H54O9S

i9 

667.385

5 
    0.79 

58 Linolenic acid, methyl ester 57.393 C19H32O2 
292.456

2 
    0.09 

59 n-Pentatriacontane  58.992 C35H72 
492.946

2 
    0.79 

60 Phthalic acid dioctyl ester 60.497 C24H38O4 
390.556

1 
    0.15 

61 Nopol 61.574 C11H18O 166.26     0.13 

62 
Octadeamethyl-

cyclononasiloxane 
62.682 

C18H54O9S

i9 

667.385

5 
    1.06 

63 n-Tetracontane  64.117 C40H82 
563.079

1 
    0.14 

64 Isovaleric acid, allyl ester 68.645 C8H14O2 
142.195

6 
    0.23 

65 n-Tetracontane  69.7 C40H82 
563.079

1 
    1.61 

66 
Octadeamethyl-

cyclononasiloxane 
70.054 

C18H54O9S

i9 

667.385

5 
    1.15 

67 Tetrapentacontane 71.42 C54H110 
759.451

2 
    0.03 

68 n-Pentatriacotane 72.462 C35H72 
492.946

2 
    0.19 

69 O-Benzyllinalool 73.038  C17H24O 244.37     0.15 

70 3-Methyloctadecane 73.842 C19H40 
268.520

9 
    0.03 

71  n-Nonacosane 75.547  C29H60 
408.786

7 
    0.38 

72 
Octadeamethyl-

cyclononasiloxane 
77.732 

C18H54O9S

i9 

667.385

5 
    1.17 

73  n-Nonacosane 79.245  C29H60 
408.786

7 
    0.27 

 Total  % of sesquiterpene       35.85 

 Total  % of titerpene      0.43 

 Total  % of diterpene     0.64 0.74 
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Fig. (1): Phylogenetic tree of SgTPS4 with selected terpene synthases from other plants. 

Seven previously identified TPS subfamilies (Tps-a to Tps-g) were chosen based 

on Bohlmann et al., (1998) and Danner et al., (2011). The alignment was 

performed using the PhyML server. The numbers indicated are the actual 

bootstrap values of the branches.  
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Fig. (2): Overexpression of S. guaranitica Terpene synthase 4 gene (SgTPS4) in transgenic 

tobacco. (A) Comparison of the phenotypes of the transgenic N. tabacum and wild type 

(W.T) N. tabacum. (B) Semiquantitative RT-PCR to confirm the expression of Terpene 

synthase 4 gene.  
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Fig. (3): Typical GC-MS mass spectrographs for terpenoids from leaf of N. tabacum plants.   
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iabetes is a major and quickly 

spreading health issue on a global 

scale. One of the most prevalent metabol-

ic illnesses in the world is Type 2 Diabe-

tes Mellitus (T2DM), which is primarily 

brought on by the interaction of two key 

factors: impaired insulin production by 

pancreatic beta-cells and impaired insulin 

sensitivity in tissues (Roden and Shulman, 

2019). About 90-95% of all instances of 

diabetes worldwide are T2DM, and this 

number is continually rising (Hegazi et 

al., 2015). With approximately 8,850,400 

cases and an adult prevalence of 15.2%, 

Egypt ranks ninth globally (Azzam et al., 

2021). Microvascular problems including 

retinopathy, nephropathy, and neuropathy 

as well as macrovascular consequences 

are all highly correlated with T2DM (An 

et al., 2021). 

The most prevalent microvascular 

consequence of diabetes and the main 

factor contributing to blindness globally is 

diabetic retinopathy DR (Ting et al., 

2016). The World Health Organization 

estimates that between 1980 and 2014, the 

incidence of diabetes increased by around 

29%, and that the frequency of diabetes-

related early mortality is increasing 

(NCD-RisC, 2016). Due to the increased 

prevalence of diabetes globally, DR be-

come the major cause of blindness in 

people of working age. DR has an impact 

on patients personally, but it also places a 

significant financial and healthcare cost 

on society (WHO, 2021). 

A major class of short (22 nt) non-

coding RNAs called microRNAs works to 

inhibit the translation of messenger RNA 

targets and/or hinder protein synthesis. 

The target messenger RNA's 3′-UTR (un-

translated) region contains complemen-

tary sequences to bind (O'Brien et al., 

2018). Numerous critical procedures per-

taining to cellular development, apoptosis, 

differentiation, metabolism, and immune 

D 
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response are controlled by these short 

RNAs (Annese et al., (2020). MicroRNAs 

(miRNAs) have a role in the micro-

vascularization associated with DR, and 

miRNAs whose expression changes dur-

ing the pathogenesis of DR have been 

reported (Mastropasqua et al., 2014). 

Similar to this, certain miRNAs regulate 

the pathophysiology of DR by acting on a 

variety of targets, including the immune 

system, fibrosis, oxidative stress, inflam-

mation, and cell function, in response to 

different signaling pathways. The pheno-

types of serum miRNAs may develop into 

novel types of diagnostic indicators 

(Deshpande et al., 2018; Wang et al., 

2019). MiR-192 is one of the earliest 

studied miRs that controls pathogenic 

pathways triggered in DR, however its 

impact on DR is still debatable 

This study's goal was to evaluate 

miR-192 expression and determine its 

potential as blood-based biomarkers in 

patients with T2D who were developing 

diabetic retinopathy and diabetic 

nephropathy. 

SUBJECTS AND METHODS 

Study design and population 

Hundred patients who attended the 

Internal medicine Clinic and the Diabetes 

Specialized Clinic at El Menoufia Univer-

sity Hospital were the subjects of a case 

study. Four groups of people were creat-

ed: a healthy non-diabetic control group 

of 30 person, 35 diabetic patients without 

complications, and 35 diabetic patients 

and diabetic retinopathy. The study ex-

cluded participants who had a history of 

chronic diseases. Patients, who were be-

ing treated for diabetes using diet, oral 

anti-diabetic drugs, and/or insulin to 

achieve glycemic control, as well as those 

with fasting plasma glucose levels ≥ 126 

mg/dl and haemoglobinA1c levels ≥ 6.5 

%, were also included in this study. The 

participants' age, sex, fasting blood glu-

cose (FBG) levels, glycated haemoglobin 

(HbA1c), serum creatinine, lipid profile, 

as well as alanine liver functions, and 

complete blood count (CBC), were all 

examined. 

Blood collection and microRNA isola-

tion 

Participants provided peripheral 

blood samples (5 ml), which were drawn 

from them into EDTA-coated tubes for 

RNA isolation. Observing the guidelines 

provided by the manufacturer, whole 

blood was used to isolate total RNA that 

contained small RNA using the MagNA 

Pure Compact Nucleic Acid Isolation Kit 

I (Roche, Germany, Cat. no. 

03730964001). RNA concentration and 

quality were evaluated with a NanoDrop 

ND-1000 spectrophotometer (Thermo 

Fisher Scientific, Inc.). By comparing the 

absorbance ratios of 260/280 nm and 

260/230 nm, RNA purity was ascertained. 

The final concentrations of each RNA 

sample were identically diluted: 20 ng/µl. 

Quantification of miR-192 expression 

level 

Observing the guidelines provided 

by the manufacturer, 100 ng of miR was 

reverse transcribed into complementary 

DNA (cDNA) using the Reverse Tran-
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scription Kit (Thermo Scientific) and 

stem-loop primers unique to miRNA. 

With the Real-time 7500 Fast PCR Sys-

tem and Applied Biosystems' Sen-

siSMARTTM SYBR Master Mix, the 

quantitative Real-Time (qRT-PCR) analy-

sis was carried out twice (Thermo Fisher 

Scientific). Each reaction had a final vol-

ume of 20 µl and contained a cDNA tem-

plate, SensiSMARTTM SYBR Master 

Mix, and nuclease-free water. The Ap-

plied Biosystems Application Note rec-

ommended using the non-coding short 

RNA U6 snRNA (internal control). The 

relative expression levels of the target 

miRNAs were demonstrated using the 

difference in Ct between the target miR-

NAs and U6 snRNA (ΔCt), which is 

comparable to the ratio of log2-

transformed absolute copy numbers. Pre-

denaturation at 95ºC for 2 minutes, fol-

lowed by 40 cycles of 95ºC for l0 seconds 

of denaturation and 60ºC for 1 minute of 

annealing and extension, were the pre-

scribed reaction conditions set in accord-

ance with the manufacturer's protocol. 

The difference between the cycle thresh-

old (CT) value of miRNA-192 and the 

average CT value of reference genes 

across all samples in a particular sample 

set serves as the expression for this miR-

NA. 

Statistical Analysis 

Utilizing SPSS (Statistical Package 

for Social Sciences) version 25 for Win-

dows®, the gathered data were coded, 

processed, and analyzed (IBM SPSS Inc, 

Chicago, IL, USA). Frequency distribu-

tions and relative percentages were used 

to display qualitative data. To compare 

between two or more sets of qualitative 

variables, the chi-square test (χ
2
) was 

used. The mean SD format was used to 

express quantitative data (Standard devia-

tion). To compare between two independ-

ent groups of normally distributed varia-

bles, the independent samples t-test was 

utilized (parametric data). Two-tailed P 

values were used to determine statistical 

significance (p<0.05). In order to calcu-

late the diagnostic indices (sensitivity, 

specificity, positive and negative predic-

tive values, and accuracy) for micro-RNA 

192, the Receiver Operating Curve (ROC) 

test was employed to distinguish between 

the diseased (diabetic retinopathy) and 

un-diseased (control) groups. 

RESULTS 

Demographic and clinical data of study 

participants 

Table (1) summarizes the demo-

graphic and biochemical data for both 

patients and healthy controls. The current 

study involved 70 T2DM patients—38 

males and 32 females-as well as 30 

healthy people, of whom 16 were men 

and 14 were women. Patients with T2DM 

were divided into two groups: those with-

out ocular problems, consisting of 35 in-

dividuals (22 male and 13 female), and 

those with DR, consisting of 35 patients 

(24 males and 11 females). Regarding age 

and sex distribution, there were no statis-

tically significant variations between the 

two groups. Diabetes patients had signifi-

cantly higher levels of the biochemical 
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markers FBG, HbA1c, total cholesterol, 

LDL, HDL, and triglycerides, as well as 

ALT and AST, than healthy controls (P< 

0.05). 

Blood relative expression of miR-192 

and diabetic complications 

The expression levels of miR-192 

in the blood of diabetic patients and 

healthy non-diabetic controls were as-

sessed using qRT-PCR analysis. The larg-

est value was in patients with DR with a 

significant difference. The relative ex-

pression of miR-192 in diabetic patients' 

blood indicated a direct link with diabetes 

complications. The expression level of 

miR-192 shown in Table (2) is explained 

by data. In terms of DR severity, the level 

considerably rises as the disease progress-

es. Table (3) displayed the correlation 

between biochemical variables and the 

levels of mir-192 expression in each 

group under investigation. 

After ROC analysis (Fig. 1), the 

area under the curve (AUC) for miR-192 

was 0.967 (95% confidence interval [CI], 

CI0.790 - 1.000) with DR. A cutoff value 

of >0.68 was chosen from a range of ROC 

analysis cutoff values, as the sensitivity of 

83.3% and specificity of 100% at the se-

lected cutoff were optimal for miR-192 

with DR (Table 4). 

DISCUSSION 

It is acknowledged that type 2 dia-

betes is a serious public health problem 

that has a significant impact on human 

life and healthcare costs. In many regions 

of the world, rapid economic growth and 

urbanization have led to an increase in the 

prevalence of diabetes (Onyango and 

Onyango, 2018). The majority of people 

with T2DM have at least one complica-

tion, such as DR, which are the leading 

causes of morbidity and mortality (Zheng 

et al., 2017). The ability of traditional 

diabetes indicators like FBG and HbA1c 

to predict the likelihood of acquiring dia-

betic complications in a sensitive group is 

limited. MiRNAs have the ability to be 

more effective problem-specific indica-

tors associated with diabetes. Current 

treatment approaches for diabetes man-

agement worldwide need for the discov-

ery of distinctive miRNA profiles to iden-

tify diabetes and, ideally, to determine the 

likelihood of acquiring diabetes-related 

problems in a vulnerable population 

(Banerjee et al., 2017). 

In this study, there was no statisti-

cally significant difference in age or gen-

der distribution across the analyzed 

groups. This is in line with the findings of 

Saadi et al., (2019), who observed no 

significant changes in gender or age dis-

tribution across all study groups. In terms 

of biochemical analysis, FBG, HbA1c, 

Cholesterol, Triglyceride, LDL 

(P<0.001), HDL (P<0.05), and ALT, AST 

(P<0.001) all increased statistically sig-

nificantly in the current study. This is in 

line with Rai and Rai (2018), who found 

that T2DM without complications and 

T2DM with nephropathy had significantly 

higher TC, TG, LDL-c, and HbA1c val-

ues when compared to controls. T2DM 
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without complications and T2DM with 

nephropathy had significantly lower 

HDL-c levels when compared to controls. 

The focus of this study was to con-

firm if miRNA-192 expression level vari-

ations are implicated in diabetes micro-

vascular complications and know if there 

is a correlation between miRNA-192 ex-

pressions and diabetic retinopathy, with 

the purpose of diagnosis. Compared to the 

control group, all diabetic groups had 

significantly higher mean expression lev-

els of circulating miRNA-192, according 

to the study's findings (P< 0.0001). These 

results are in line with those of Khamis et 

al. (2021), who discovered that neutrophil 

gelatinase-associated lipocalin (NGAL) 

and miRNA-192 levels were significantly 

higher in T2DM patients. Hamdia et al. 

(2013) demonstrated that diabetics have 

blood miR-192 levels that are significant-

ly higher than non-diabetics, with levels 

even higher in patients with long-term 

disease without microvascular problems. 

In contrast to Ma et al., (2016) and Lotfy 

et al., (2021), who found a statistically 

significant decrease in micro RNA-192 

levels in macro-albuminuria compared to 

other groups, as well as in microalbumi-

nuria compared to normal albuminuria 

and healthy control. 

In the present study, there was a 

significant positive association between 

the levels of miRNA 192 expression and 

the diabetic retinopathy group's blood 

sugar, HbA1c, and cholesterol (P<0.05), 

but not with triglycerides, HDL cholester-

ol, ALT, or AST (P> 0.05). Creatinine 

showed a negative connection (P<0.05). 

While in keeping with the same study's 

findings regarding creatinine, Yang et al. 

(2017) discovered that the expressions of 

serum miR-192 were adversely linked 

with HbA1c. 

In this study with DR, the area un-

der the curve (AUC) of miR192 was 

0.967 (95 % confidence interval [CI], 

CI0.790 - 1.000). A cutoff value of >0.68 

was chosen because miR-192 had a sensi-

tivity of 83.3 % and a specificity of 100 % 

at the chosen cutoff, As a result of these 

findings, it was shown that detecting 

miR192 lowered the incidence of false 

positives in diabetic retinopathy patients. 

CONCLUSION 

According to the findings, up-

regulated expression of miRNA-192 in 

type 2 diabetes is a risk factor for the pro-

gression of renal and ocular complications 

in diabetics. MiRNA-192 may act as early 

markers of changes in particular biologi-

cal processes in the retina, as well as mo-

lecular signatures in diabetic microvascu-

lar complications. In clinical practice, the 

miR192 cutoff values were crucial. The 

diagnostic, prognostic, therapeutic, and 

use of anti-miRNA-192 in different dia-

betic microvascular problems all need 

further investigation. We can increase the 

sample size, follow the cases, and go 

more deeply into the underlying mecha-

nism in the future 
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ABSTRACT 

Background and Objective: 

Short non-coding RNAs known as mi-

croRNAs have been associated with dif-

ferent disorder types, like diabetes melli-

tus (DM) and its complications such dia-

betic retinopathy and nephropathy. In 

order to ealy diagnose diabetic retinopa-

thy (DR), the study purpose was to assess 

the expression level of miRNA 192 in 

type 2 diabetes patients and explore its 

association with these problems. 

Subjects and Method: The par-

ticipants in the current study were 30 

healthy non-diabetic people and 70 type 2 

diabetes patients who were categorized 

into two main groups according to the 

time from the onset of DM (age and sex-

matched). Diabetic retinopathy is one of 

the most common consequences of diabe-

tes. The complete set of data was collect-

ed, including sociodemographic and la-

boratory data. RT-PCR assay was used to 

determine the levels of miRNA192 ex-

pression in whole blood. 

Results: All diabetic groups, 

particularly diabetic patients with 

retinopathy, had mean expression levels 

of miRNA 192 that were considerably 

greater than those of healthy subjects. The 

expression levels of miRNA 192, blood 

glucose and HbA1c, were significantly 

positively correlated in the group with 

diabetic retinopathy. Mir-192 had a sensi-

tivity of 83.3% in diabetic retinopathy and 

specificity of 100 % at the specified cut-

off. 

Conclusion: According to the 

findings, up-regulated of miRNA 192 in 

type 2 diabetes is correlated to the preva-

lence of diabetic retinopathy. Warning 

indications of diabetes complications 

could be miRNA 192. 
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Table (1): Data on the demographics and biochemistry of the all study population. 

Variables 
Control 

(n=30) 

Diabetic 

(n =35) 

DR 

(n=35) 
P-value 

Gender: M/F 16/14 22/13 24/11 P>0.05 

Age 
45.67 ± 

5.99 

48.03 ± 

4.71 

46.71 ± 

5.17 
P>0.05 

Duration of T2DM -- 5.3±1.21 5.9± 3.56 P>0.05 

FBG(mg/dl)  79.4±4.7 142.5±15.1 157.3±19.8 P<0.001 

HbA1C (%) 4.9±0.5 7.6±0.4 8.2±0.6 P<0.001 

Cholesterol(mg/dl)  167.2±21.4 189.6±22.8 229.5±24.6 P<0.001 

Triglyceride(mg/dl)  132.5±18.8 191.1±28.3 249.3±37.6 P<0.001 

HDL cholesterol(mg/dl)  51.4±2.3 48.6±3.5 46.9±3.4 P>0.05 

LDL cholesterol(mg/dl)  103±19.1 107±18.5 128±28.5 P<0.001 

ALT(IU/L) 18.39±7.42 28.8± 7.2 30.4± 6.9 P<0.0001 

AST(IU/L) 20.29±8.24 29.3 ± 7.9 32.6± 7.7 P<0.0001 

Creatinine (mg/dl) 0.77±0.17 0.79±0.18 0.74±0.13 P>0.05 

 CBC  

Hb 

TLC 

PLT 

11.6±2.3 11.2±2.6 10.8±3.1 P>0.05 

6.6±3.9 6.9±3.8 7.1±4.1 P>0.05 

223±52.9 214±54 205±49 P>0.05 

P value˂ 0.05 is significant 
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Table (2): Comparison of the expression levels of miRNA 192 in all studied groups. 

Groups 
miRNA192 

mean+ SD 
P value 

Non-diabetic healthy Control  0.40+ 0.23459 

P < 0.0001 T2DM 2.568+ 0.539 

Diabetic retinopathy (DR) 4.624± 1.33 

 

 

 

 

 

Table (3): Correlations between mir-192 expression levels with biochemical Parameters in 

patient groups. 

mir-192 expression level 

T2DM  

(n = 30) 

DR  

(n = 35) 

r P r P 

FBG(mg/dl) -0.66 <0.05 0.70 <0.05 

HbA1c (%) -0.54 <0.05 0.74 <0.05 

Cholesterol (mg/dl) 1 <0.05 0.99 <0.05 

Triglyceride (mg/dl) -0.38 >0.05 0.98 >0.05 

HDL cholesterol (mg/dl) -0.46 >0.05 0.95 >0.05 

ALT(IU/L) -0.5 >0.05 0.48 >0.05 

AST(IU/L) -0.5 >0.05 0.44 >0.05 

Creatinine - 0.26    <0.05 -0.38 <0.05 

r: Pearson correlation    significance at P<0.05  
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Table (4): Validity of micro RNA-192 in the diagnosis of DR. 

Parameters Cutoff value AUC 95% CI Sensitivity Specificity PPV NPV P-value 

DR >0.68 0.967 0.790 -1.000 83.3% 100% 100% 85.7% <0.001 
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Fig. (1): The ROC curve of miR-192 in DR group. 
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ancer arises from the transfor-

mation of normal cells into tumor 

cells in a multi-steps process that normal-

ly progresses from a pre-cancerous lesion 

to a malignant tumor. Richard Doll and 

Richard Peto produced a groundbreaking 

study on the aetiology of cancer in 1981 

that was partially based on an analysis of 

cancer incidence in numerous nations. A 

World Health Organization expert com-

mittee came to the conclusion that fre-

quent deadly cancers are potentially pre-

ventable because of lifestyle choices and 

other environmental factors, such as hor-

mone imbalances, dietary inadequacies, 

and environmental carcinogens, in 1964 

(Colditz et al., 2005). 

Cancer is neither a single type nor 

a new disease. According to a recent 

study by Faguet (2015), more than 200 

distinct forms of cancer have been found 

in humans, depending on the type of tis-

sue. Cancer was described in several an-

cient texts, including Egyptian "Edwin 

Smith" and "George Ebers" papyri written 

between 3000 BC and 1500 BC (Faguet, 

2015).  

According to estimates from the 

year 2000, liver cancer is still the eighth 

most prevalent disease in women and the 

fifth most common cancer in men world-

wide. An estimated 564,000 new cases, 

including 166,000 women and 398,000 

men, are reported per year. Liver cancer 

can develop before the age of 20 in high-

risk nations, although it rarely occurs be-

fore the age of 50 in low-risk nations. 

Male liver cancer rates are typically 2 to 4 

times greater than female rates (Bosch et 

al., 2004). 

C 
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HCC is the most frequent primary 

liver cancer and the leading cause of can-

cer-related mortality globally (O'Connor 

et al., 2018). Despite breakthroughs in 

preventative strategies, screening, and 

new diagnostic and treatment technolo-

gies, incidence and fatality rates continue 

to climb (Balogh et al., 2016). ACS Can-

cer Facts & Figures, (2022) Conducted a 

research shows that many variables are 

known to increase the chance of acquiring 

cancer, some of which are controlled 

(such as cigarette smoking and excess 

body weight), while others are not, even if 

the mechanics of cancer formation are not 

completely understood (e.g., inherited 

genetic mutations). These risk factors may 

initiate or accelerate the progression of 

cancer, either simultaneously or sequen-

tially (Cancer Facts & Figures 2022, 

ACS). 

More than 90% of primary liver 

tumors are hepatocellular carcinomas 

(HCC), which are primary tumors of the 

liver. Of patients with cirrhosis, HCC 

affects about 85% of them (Ioannou et al., 

2007). 

Tumorigenesis is caused by an im-

balance between cell growth and cell 

death (apoptosis). p21, a wellknown cy-

clindependent kinase (cdk) inhibitor, was 

shown to be critical in regulating cell cy-

cle progression (Harper et al., 1993). 

The p21 gene is changed in a 

number of malignancies and works as a 

cell cycle inhibitor and anti-proliferative 

effector in normal cells (Wan et al.,1996). 

Some evidences indicated the link be-

tween tumor development and p21 protein 

alteration (Mousses, S. et al., 1995) The 

role of p21 in phenotypic plasticity and its 

oncogenic/anti-apoptotic activity, de-

pendent on p21 subcellular localization 

and p53 status, have lately been thorough-

ly investigated, despite the fact that the 

tumor-suppressor function of p21 has 

gotten the greatest attention in cancer 

research (Shamloo & Usluer, 2019). 

According to a review made by 

Prochownik (2004), c-MYC is involved in 

the control of a number of normal cellular 

functions, which includes differentiation, 

proliferation, and maintenance of cell 

size, regulation of the intercellular redox 

state, angiogenesis and apoptosis. In can-

cer cells this is frequently dysregulated as 

many of the c-MYC transcription factor's 

target genes encode proteins that initiate 

and sustain the transformed state 

(Prochownik, 2004). 

Given the role of c-Myc in HCC 

carcinogenesis, it's no surprise that it's an 

appealing target for creating new thera-

peutics. The first evidence that c-Myc 

downregulation can be utilized to treat 

HCC comes from an inducible c-Myc 

animal model, in which c-Myc inactiva-

tion triggered the regression and differen-

tiation of liver tumors (Lin et al., 2010). 

Despite significant improvements, 

the present strategy for treating cancer is 

fundamentally reductionist. Single molec-

ular aberrations or cancer pathways have 

been the focus of successful treatment 

interventions that have marginally im-

proved survival in several cancers. The 
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"magic bullet" approach of using a single 

medicine to target a specific characteristic 

or route, however, is unlikely to result in 

the cure of cancer (Zugazagoitia et al., 

2016). 

The discovery and implementation 

of various nanotechnologies for more 

efficient and safe cancer treatment—

hereafter referred to as cancer nanomedi-

cine—was spurred by the inherent limita-

tions of conventional cancer therapies 

(Shi et al., 2016). Engineered nanoscale 

materials have been created as new proto-

types for biomedical applications and 

improved therapy as a result of recent 

advancements in nanotechnology and 

biotechnology. Numerous nanomaterials 

have been created as a result of their dis-

tinctive characteristics, which include a 

large surface area, structural characteris-

tics, and a longer blood circulation time 

than small molecules. These materials 

have the potential to completely change 

how diseases are detected and treated 

(Sanna et al., 2014). 

Nanomaterials from the graphene 

family, such as graphene oxide and re-

duced graphene, have been the subject of 

numerous investigations. These investiga-

tions ultimately led to the creation of 

GQDs by Ponomarenko and Geim in 

2008, which signaled the start of a wealth 

of medicinal applications. Then, research-

ers concentrated their attention on GQDs 

and discovered that they are the best 

quantum dots for biological applications 

(Xu et al., 2013). 

GQDs the most recent member of 

the graphene family, have sparked a lot of 

attention in recent years due to their ex-

cellent physical, chemical, electrical, op-

tical, and biological properties (Iannazzo 

et al., 2020). Being a one-dimensional 

(0D) object (GQDs) Promising biomedi-

cal applications have been discovered due 

to their ultra-small size, non-toxicity, bio-

compatibility, high photo stability, tuna-

ble fluorescence, water solubility, and so 

on, garnering substantial interest in the 

biomedical area (Younis et al., 2020). 

This work investigates the effect of 

GQDs on HCC therapy in vitro, through 

observing its effect on two key cell cycle 

inhibitors, the P21 and c-MYC genes. 

MATERIALS AND METHODS 

Chemicals 

All chemicals were obtained from 

Egypt's Central Public Health Laborato-

ries (CPHL). Primers were purchased 

from (Applied Biosystems), the RNA 

extraction kit from (Qiagen, Hilden, Ger-

many), and the PCR kit HERA SYBER 

GREEN/ROX RT-qPCR from (Applied 

Biosystems) (Applied Biosystems, Foster 

City, California, USA). All work was 

done in Egypt's Central Public Health 

Laboratories (CPHL). 

Graphene quantum dots  

The graphene Quantum Dots were 

purchased from Sigma-Aldrich, Egypt. 
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Cell line and Cell culture 

Human hepatocarcinoma cell line 

(Huh-7), the cell line was obtained from 

central public health laboratories in Egypt 

(CPHL). The cells were cultivated in T75 

tissue culture flasks in low glucose Dul-

becco's modified Eagle's medium 

(DMEM) supplemented with 10% fetal 

bovine serum, 100 μg/mL penicillin, 100 

μg/mL streptomycin, 2 mM/L-glutamine 

and incubated in a 95% humidified incu-

bator containing 5% CO2 at 37ºC. Now 

cells ready for treatment with Graphene 

quantum dots. 

Cytotoxicity 

To evaluate the cell viability and 

the cytotoxicity was assessed using the 3-

(4, 5-dimethylthiazol -2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) as-

say. Briefly, cells were seeded in 96-well 

plates in DMEM supplemented with 10% 

fetal bovine serum, and 1% antibiotic 

antimycotic mixture. After 24 h of cell 

preparation, the growth medium was aspi-

rated from each well and the cells washed 

with 1X phosphate buffered saline (PBS). 

Different concentrations of Graphene 

Quantum dots were two fold serially di-

luted in DMEM then added to cultured 

cells in 96-well plate in triplicate and in-

cubated for 24 h post treatment to deter-

mine the cytotoxic concentration 50 

(CC50). The medium was then removed 

and the monolayer of cells washed with 

1X PBS three times before adding MTT 

solution (20 μL/well of 5 mg/ml stock 

solution) and incubated at 37ºC for 4 h till 

formulation of formazan crystals. Crystals 

were dissolved using a volume of 200 μL 

of of acidified isopropanol and the ab-

sorbance measured at λmax 540 nm using 

an ELISA microplate reader. Finally, the 

percentage of cytotoxicity compared to 

the untreated cells was determined. The 

CC50 of Graphene Quantum dots were 

determined from a linear exponential 

equation.  

Cytotoxicity (%)= 

(Absorbance of cell without treatment –

Absorbance of cell with treatment) / 

Absorbance of cell without treatment X100 

Real-Time RT PCR Analysis 

Total RNA was extracted from 

cells using RNeasy Mini Kit (Qiagen) 

extraction kit according to the manufac-

turer’s protocol (Qiagen, Hilden, Germa-

ny). Five hundred nanograms of purified 

mRNA was used to generate cDNA with 

random hexamer primers (Thermo Scien-

tific) and with Reverse Transcriptase ac-

cording to the manufacturer’s protocol 

(HERA SYBR® green RT-qPCR kit). 

The quantitative real-time PCR (qRT-

PCR) reaction mixture (25 𝜇L) consisted 

of the following: 12.5 𝜇L of Maxima 

SYBR green PCR master mix (Thermo 

Scientific), 0.5 𝜇L of cDNA template, and 

1 𝜇L of each primer (100 𝜇M forward and 

reverse primers). Reactions were run in 

duplicate on Applied Biosystems 7500 

real-time PCR system. The cycling condi-

tions were as follows: 2min at 50ºC, 2min 

at 95ºC, and 50 cycles, with 1 cycle con-

sisting of 15 s at 95ºC and 30s at 60ºC. 

Threshold cycle (Ct) values were normal-

ized to the values for 𝛽-actin house-
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keeping transcripts and log fold change 

was calculated according to the equation 

of 2^-ΔΔCT (Rao et al., 2013). 

Gene Primers 

c-Myc 

5’-

CCTGGTGCTCCATGAG

GAGAC-3’ (forward) 

5’-
CAGACTCTGACCTTTT-

GCCAGG-3’ (reverse) 

P21 

5’-
GTGGCTCTGATTGGCTT

TCTG-3’ (forward) 

5’-

CTGAAAACAGGCAGCC
CAAG-3’(reverse) 

β actin 

5’- CACCATTGG-

CAATGAGCGGTTC -
3’(forward) 

5’-

AGGTCTTTGCG-

GATGTCCACGT -
3’(reverse) 

The primers of p21, C-MYC and β actin 

 

RESULTS AND DISCUSSION 

 Results 

The effect of (graphene quantum 

dots) on HUH7 cell lines as models of 

human liver cancer cell lines was exam-

ined in this work. P21, c-MYC, and 

B.Actin as housekeeping gene (positive 

control). 

1-Cytotoxicity of graphene quantum 

dots against HUH-7 Cell Lines Using 

MTT assay. 

Cytotoxicity assays are normally 

based on assessing damage to cellular 

membranes or cell viability or cell apop-

tosis or cell proliferation. Creative Bi-

olabs has explored a variety of assays for 

your flexible choice to best fit current 

results. To evaluate the cytotoxic activity 

of two different concentrations of the 

GQDs against human Liver cancer cells 

(HUH-7), were incubated with different 

concentrations (0.5% to 1%) of GQDs. 

After 24 hours of incubation, cell viability 

was determined by the MTT assay. The 

results of cytotoxicity assay are presented 

in (Fig .1). 

Cytotoxicity assays are typically 

designed to evaluate damage to cellular 

membranes, cell viability, cell apoptosis, 

or cell proliferation. Creative Biolabs has 

investigated a number of assays for your 

flexible selection to best match my re-

sults. To assess the cytotoxic efficacy of 

two distinct doses of Graphene quantum 

dots against human liver cancer cells 

(HUH-7), the cells were treated with Gra-

phene quantum dots at varying concentra-

tions (0.5 percent to 1 percent). The MTT 

test was used to measure cell viability 

after 24 hours of incubation. The cytotox-

icity assay results are shown in (Fig.1) 

The cytotoxicity of the graphene 

quantum dots extract was evaluated in 

HUH7 cells using MTT assay. Graphene 

quantum dots were almost not toxic for 

studied cells up to a dose of 4.2 0r 4.3 

μg/ml for graphene quantum dots. The 

toxic effect of tested graphene quantum 

dots was dose dependent. The result 

showed that the cytotoxic concentration 

50 (CC50) value of graphene quantum 

dots was 4.2 OR 4.3 μg. Therefore, for 

further studies we selected the safe con-

centrations of 1 -0.5 μg/ml for subsequent 

cellular signal studies. 
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Evaluation of P21 and c-MYC gene 

expression after treatment with differ-

ent concertation of Graphene quantum 

dots. 

To investigate the effects of Gra-

phene quantum dots on c-MYC and P21 

expression in Hepatocellular carcinoma, 

reverse-transcription PCR was done after 

treatment with 1 -0.5 μg /ml Graphene 

quantum dots for various time periods (0 

h, 8h, 16h, 24h, 32h, 40h, 48h, 56h, 64h 

and 72h). In comparison to untreated con-

trols, gene expression of c-MYC was con-

siderably down regulated (decreased) with 

1 -0.5 μg /ml Graphene quantum dots 

treatment. Furthermore, when 1 -0.5 

μg/ml Graphene quantum dots were used, 

gene expression of P21 was considerably 

upregulated (raised) compared to untreat-

ed controls. 

Table (1) shows that, there was 

significant statistical increase in Graphene 

quantum dots 1% compared to Graphene 

quantum dots 0.5% at 8, 16, 32, 48, and 

64 hours, (p=0.007, 0.034, 0.003, 0.038, 

and 0.000, respectively. 

Table (2) shows that there was sig-

nificant  statistical increase in P21 in Gra-

phene quantum dots 1% compared to 

Graphene quantum dots 0.5% at 16, 24, 

32, 40, 48, 56, 64, and 72 hours, 

(p=0.014, 0.001, 0.000, 0.047, 0.000, 

0.000, 0.000 and 0.000, respectively. 

 DISCUSSION 

Hepatocellular carcinoma is one of 

the most common causes of cancer-

related death globally. The recent study 

discovered that Graphene dots made from 

spies had the ability to prevent several 

cancer cell types from proliferating and 

migrating. More cancer cells were sup-

pressed by a combination of Graphene 

dots and a traditional chemotherapy med-

ication than by either therapy by itself. 

Together, these results imply that Gra-

phene dots may be a potent complemen-

tary and alternative medicine for the 

treatment of cancer (Xia et al., 2019). c-

Myc is among the most frequently over-

expressed genes in human cancers. Over-

expression of c-Myc in hepatic cells leads 

to Progression of liver cancer. c-Myc can 

currently regulate up to 15%–20% of hu-

man genes either directly or indirectly. 

These genes are involved in the regulation 

of the cell cycle, protein synthesis, the 

cytoskeleton and cell motility, cell metab-

olism, and microRNA, which are tiny 

regulatory molecules that influence the 

stability and translation of target mRNA 

(Lin et al., 2010). Studies have found that 

c-Myc interacts with Miz-1 and recruit 

DNA methyltransferase DNMT3 to p21 

promoter to silence p21 transcription, a 

critical step during tumorigenesis (Bren-

ner et al., 2004). Results means, when we 

used different concentrations of curcu-

mine(0.5-1 µg/ml) for different duration 

time (0 h, 8h, 16h, 24h, 32h, 40h, 48h, 

56h, 64h and 72h) on different genes re-

lated to liver cancer (c-Myc and p21), this 

is lead to down regulation c-Myc and up 

regulation of  P21.Given the importance 

of c-Myc in HCC carcinogenesis, it is not 

surprising that c-Myc is an attractive tar-

get for developing novel therapies. The 
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first evidence that down-regulation of c-

Myc can be used as a strategy to treat 

HCC comes from an inducible c-Myc 

animal model, in which inactivation of c-

Myc induced the regression and differen-

tiation of liver tumors (Shachaf et al., 

2004). 

SUMMARY 

Hepatocellular carcinoma (HCC) 

is one of the most prevalent types of can-

cer. HCC is the sixth most popular cancer 

in the world and the fourth most common 

cancer in Egypt, respectively. Egypt is the 

third and fifteenth most populated coun-

tries in Africa and the globe, respectively. 

The goal of this study is to examine the 

effect of graphene quantum dots (GQDs) 

on the expression of P21 & c-MYC genes 

on a cell line in liver cancer namely 

"HuH-7 cell line." The area of studying 

the anticancer effect of GQDs is attracting 

growing attention because of its valuable 

properties. Especially due to its nano-

sized sheets, it tends to infiltrate the cell 

nucleus and interfere with DNA function 

due to its ultra-small size. The results 

emphasize the validity of using GQDs as 

anticancer agent, with varied concentra-

tions of GQDs inhibiting the development 

of cancer cells (HuH-7) via gene up regu-

lation. 
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Table (1): Effect of concentration of Graphene quantum dots 0.5% and 1% on c.MYC 

expression on Cell line: HUH7. 

concentration of Graphene quantum dots 0.5% and 1% on Cell line: HUH7 on C-MYC 

expression 

Hours 

Graphene quantum 

dots 1% on Cell 

line: HUH7 

Graphene quantum dots 

0.5% on Cell line: HUH7 
T test P value 

0 22.41±0.025 22.43±0.230 0.125 0.907 

8 26.87±0.321 25.24±0.122 8.210 0.007* 

16 30.23±0.306 29.31±0.020 5.224 0.034* 

24 31.267±0.586 31.23±0.045 0.098 0.926 

32 33.00±0.173 32.103±0.108 7.612 0.003* 

40 35.43±0.611 34.62±0.153 2.246 0.140 

48 37.08±0.473 36.23±0.047 3.039 0.038* 

56 38.37±0.666 37.94±0.049 1.098 0.334 

64 39.99±0.100 39.02±0.072 12.363 0.000* 

72 39.97±0.058 39.07±0.025 0.183 0.867 
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Table (2): Effect of concentration of Graphene quantum dots 0.5% and 1% on P21 gene 

expression. 

concentration of Graphene quantum dots 0.5% and 1% on Cell line: HUH7 on P21 

Expression 

Hours  Graphene quantum 

dots 1% on Cell 

line: HUH7 

Graphene quantum dots 

0.5% on Cell line: HUH7 

T test P value 

0  30.00±0.092 29.94±0.046 1.014 0.387 

8  28.20±0.269 28.56±0.081 2.237 0.135 

16  26.40±0.252 26.99±0.101 3.757 0.041* 

24  24.32±0.095 25.557±0.031 21.384 0.001* 

32  23.71±0.035 27.03±0.104 52.152 0.000* 

40  23.08±0.101 26.063±1.178 4.369 0.047* 

48  21.20±0.095 23.973±0.021 49.311 0.000* 

56  19.62±0.046 21.97±0.015 84.144 0.000* 

64  19.04±0.061 21.697±0.100 39.169 0.000* 

72  18.64±0.076 20.92±0.03 48.610 0.000* 
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Table (3): Effect of graphene quantum dots concentration 1% on gene expression of C.Myc 

in cell line HuH7. 

Hours c.MYC B. Actin ΔCt ΔΔCt 2^-ΔΔCt 
log (2^-

ΔΔCt) 

0 hr 22.4 22 0.4 0 1 0 

8 hr 26.9 22.2 4.7 4.3 0.051 -1.294 

16 hr 30.2 22.4 7.8 7.4 0.006 -2.228 

24 hr 31.3 22.1 9.2 8.8 0.002 -2.649 

32 hr 33 22.6 10.4 10 1E-03 -3.01 

40 hr 35.4 23 12.4 12 2E-04 -3.612 

48 hr 37 22.8 14.2 13.8 7E-05 -4.154 

56 hr 38.4 22.9 15.5 15.1 3E-05 -4.546 

64 hr 40 23.1 16.9 16.5 1E-05 -4.967 

72hr 40 23.6 16.4 16 2E-05 -4.816 
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Table (4): Effect of graphene quantum dots concentration 1% on gene expression of P21 in 

cell line HuH7 for 72 hours. 

 P21 B. Actin ΔCt ΔΔCt 2^-ΔΔCt log 

(2^ΔΔCt) 

0 hr 30 22 8 0 1 0 

8 hr 28.2 22.2 6 -2 4 0.602 

16 hr 26.4 22.4 4 -4 16 1.204 

24 hr 24.3 22.1 2.2 -5.8 55.72 1.746 

32 hr 23.7 22.6 1.1 -6.9 119.4 2.077 

40 hr 23 23 0 -8 256 2.408 

48 hr 21.2 22.8 -1.6 -9.6 776 2.89 

56 hr 19.6 22.9 -3.3 -11.3 2521 3.402 

64 hr 19 23.1 -4.1 -12.1 4390 3.642 

72hr 18.6 23.6 -5 -13 8192 3.913 

 

Table (5): Effect of graphene quantum dots concentration 0.5% on gene expression of C.Myc 

in cell line HuH7. 

 c.MYC B.Actin ΔCt ΔΔCt 2^-ΔΔCt log (2^-

ΔΔCt) 

0 hr 22.4 23 -0.6 0 1 0 

8 hr 25.2 23.6 1.6 2.2 0.218 -0.662 

16 hr 29.3 23.4 5.9 6.5 0.011 -1.957 

24 hr 31.2 24.1 7.1 7.7 0.005 -2.318 

32 hr 32.1 23.9 8.2 8.8 0.002 -2.649 

40 hr 34.6 23.7 10.9 11.5 3E-04 -3.462 

48 hr 36.2 24.2 12 12.6 2E-04 -3.793 

56 hr 37.9 24.6 13.3 13.9 7E-05 -4.184 

64 hr 39 24.6 14.4 15 3E-05 -4.515 

72hr 40 24.8 15.2 15.8 2E-05 -4.756 
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Table (6): Effect of graphene quantum dots concentration 0.5% on gene expression of P21 in 

cell line HuH7. 

 P21 B.Actin ΔCt ΔΔCt 2^-ΔΔCt log (2^-ΔΔCt) 

0 hr 30 23 7 0 1 0 

8 hr 28.6 23.6 5 -2 4 0.602 

16 hr 27 23.4 3.6 -3.4 10.56 1.024 

24 hr 25.6 24.1 1.5 -5.5 45.25 1.656 

32 hr 27 23.9 3.1 -3.9 14.93 1.174 

40 hr 26.1 23.7 2.4 -4.6 24.25 1.385 

48 hr 24 24.2 -0.2 -7.2 147 2.167 

56 hr 22 24.6 -2.6 -9.6 776 2.89 

64 hr 21.7 24.6 -2.9 -9.9 955.4 2.98 

72hr 21 24.8 -3.8 -10.8 1783 3.251 

 

ig.(1): TC50=4.3 µg/µl 
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Fig. (2): the impact of concentration of Graphene quantum dots 1% on the gene expression 

of the C-Myc Gene in HUH7 cell line. The data represent a significant difference from 

control group across different exposure hours to Graphene quantum dots as when the time 

increase the down regulation of the gene C-MYC was increase. 
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Fig. (3): the impact of concentration of Graphene quantum dots (1%) on the gene 

expression of the P21 Gene in HUH7 Cell Line. The data represent a significant 

difference from control group across different exposure hours to Graphene 

quantum dots as the time increase the Up regulation of the P21 gene was 

increase.  

 

  

Number of hours 

L
o

g
 f

o
ld

 c
h
an

g
e 

 



Molecular evaluation of cell cycle inhibitors after Hepatocellular carcinoma (HCC)  

treatment In Vitro 
49 

 

 

 

 

 

 

 

 

 

Fig. (4): the impact of concentration of Graphene quantum dots 0.5% on the gene 

expression of the c.MYC Gene in HUH7 cell line. The data represent a 

significant difference from control group across different exposure hours to 

Graphene quantum dots as  when the time increase the down regulation of the 

gene C-MYC was increase. 
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Fig. (5): the impact of concentration of Graphene quantum dots 0.5% on the 

gene expression of the P21 Gene in HUH7 cell line. The data 

represent a significant difference from control group across 

different exposure hours to Graphene quantum dots as the time 

increase the Up regulation of the P21 gene was increase.  
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odium benzoate (E211) is a preserv-

ative in food industry. Benzoic acid 

is found in some plants. It is also used as 

an anti-fungal (Hong et al., 2009). Sodium 

benzoate (SB) as the European nomencla-

ture E211 is a salt of benzoic acid and is 

easy soluble in water, tasteless, odourless, 

as well as it has antifungal and antibacte-

rial properties. It inhibits the growth of 

bacteria, yeast, and mold (Davidson et al., 

2021). Using Drosophila as ideal model 

for geneticists, toxicology and behavioural 

studies (Rand et al., 2015). Genotoxicity 

assays include mortality and chromosomal 

aberrations, DNA damage, disorder be-

haviour, and mutations (El-Keredy 2014 

and 2017; Nohmi et al. 2012). 

Drosophila melanogaster is a 

standered genetic model (lifespan, 

SMART, behaviour, ect.) in diseases of 

human, mammalian especially fly proteins 

(Tasset et al.,2010; Bourg. 2011; Aysal et 

al., 2012 and Aysal et al.,2013). 

The immune system of Drosophila 

distinguishes between different types of 

infections and activates signal transduc-

tion pathways to combat invading micro-

organisms (Gottar et al., 2006). Drosophi-

la social attraction larvae to fungal-

infected sites leading to suppression of 

mould growth may reflect an adaptive 

behavioural response that increases insect 

larval fitness and can thus be discussed as 

an anti-competitor behaviour. The rela-

tionship between spatial oviposition pat-

terns, allee effects and the suppression of 

mould, spatial aggregation in Drosophila 

can be interpreted as an adaptive behav-

iour against competing fungi on larval 

feeding sites in order to enhance offspring 

survival, )Marko 2005). Characterization 

of the genetic variation underlying gene 

expression can easily be compromised by 

lack of environmental control (Hodgins-

Davis. and Townsend, 2009). More DNA 

damage in comet assay resulting treated 

by benzoic acid, boric acid and sodium 

sulphite concentrations indicating muta-

S 
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genicity and genotoxic materials (El-

Hefny et al., 2020). 

MATERIALS AND METHODS 

The experiments of this study were 

carried out at the faculty of Agriculture, 

Tanta University and Technological Ap-

plication (SRTA) City (Department of 

plant protection and biomolecular diag-

nostic) 2017-2021. To examined the effect 

of food additives sodium benzoate (SB) 

on larva and adult of Drosophila melano-

gaste. Also measuring behaviour of larvae 

under the influence of different concentra-

tions of sodium benzoate (SB), the effect 

of some fungal species on D. melano-

gaster was studied. 

Drosophila Medium 

The best media was corn flour me-

dia for breeding Drosophila in the local 

environment (El-keredy, 2017). After 

cooling one drop of yeast suspension was 

spread on the surface of the media.  

SB effective line point determination of 

Petri dishes 

Whereas the other half added equal 

number were used to it 0.007 or 0.075g 

SB. For  half of the control and SB treates 

cases. These larvae in each plat were 

growing for a time points (1, 2,4, 8min) as 

mentioned in the results, data was record-

ed as the number of larvae located at the 

control and SB treated using the following 

equation     

  PREF Gustatory =  
#𝑆𝐵−# 𝑃𝑈𝑅𝐸

#𝑇𝑂𝑇𝐴𝐿
 

Thus, PREF values were confined 

between 1 and -1, positive values indicat-

ing preference for SB and negative values 

indicating hatred of the SB according to 

(König et al., 2014). 

The used fungal species  

Three Aspergillus species A.pergil-

lus flaves, Aspergillus niger and Aspergil-

lus terreus were isolated from different 

soil samples in addition to three Tricho-

derma species (Trichoderma cremeum, 

Trichoderma viride and Trichoderma 

citririnoviride) as well as Penicillium spp 

were used to infect the different Drosophi-

la flies strains. 

Infected flies with fungi 

Females and equal number of 

males were infected with each fungus in 

the flask. The flies inside the flask loaded 

with spores for 3-4 minutes and then were 

transferred back to the culture bottles. The 

rate of death, flight rate, egg laid and ac-

tivity were recorded daily. The infected 

flies were kept in liquid nitrogen and then 

saves it in -80ºC until the required anal-

yses for immunity gene expression. 

RNA extraction 

RNA was extracted according to 

(Mangalathu et al., 2001) from Drosophi-

la flies. 

cDNA extracted and PCR reaction  

cDNA was synthesized using 

Moloney Murine Leukemia Virus Reverse 
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Transcriptase Enzyme (Fermentas, USA). 

Reverse transcription reactions were per-

formed using primer oligo dT primer (Ta-

ble 1). Each 25 µl reaction master mix 

containing 2 µl of 5X buffer with 6 µl of 

H2O, 2 µl of mM dNTPs mix, 5 µg of 

primer, 1 µg RNA and 2 µl Reverse Tran-

scriptase Enzyme. RT-PCR amplification 

was performed in a thermal cycler (Ep-

pendorf, Germany) programmed at 37ºC 

for 20 min and 95ºC for 10 min. Amplifi-

cation products were visualized using gel 

documentation system (Syngene, USA) in 

1.5% agarose gel that was electrophoresed 

in 0.5X TBE buffer. cDNA was then 

stored at -20ºC until used. Protocol for 

cDNA synthesis (Mangalathu et al., 

2001). 

Statistical analysis 

Analysed by using one-way ANO-

VA followed by LSD test through SPSS 

16 (version 4). The trait means were com-

pared using least significant difference 

(LSD) tested at significant levels of 5% as 

described by (Gomez and Gomez, 1984). 

Real-time Q-PCR data analysis: The rela-

tive expression ratio was accurately quan-

tified and calculated according to Livak 

and Schmittgen, (2001).  

RESULTS AND DISCUSSION 

This experiment was conducted to 

know how sodium benzoate with different 

concentrations and fungi strains had af-

fected on different strains of Drosophila 

melanogaster in different generations 

from flies or larvae. 

In the ninth generation (F9) the 

mortality was 97.14%. While the sexual 

ratio was zero, as the flies died and did not 

complete the tenth generation in Tanta 

flies (Fig. 1). 

Figure (2) showed that the effect of 

sodium benzoate with different concentra-

tions on Drosophila which collected from 

Kafr el-Sheikh strain. It is also clear that 

Kafr El-Sheikh flies dynasty was more 

affected, while the mortality in the highest 

concentration was 67.69% compared to 

the lowest concentration (0.007 g) while 

reached 41%,53% and (sexual ratio was 

0.91). The effect of SB was significant in 

strain Kafr El-Sheikh, reached 84.37%, as 

well as in the case of the sexual ratio, 

which reached up to 0.87. 

The same results were obtained in 

Fig. (3) to Fig. (6) where the sodium ben-

zoate affected both flies’ mortality and 

sexual ratio was zero in most strains. In 

the highest concentration of (SB), also, the 

0.157mM, 0.35mM, 0.5mM, and 0.7mM 

concentrations from (SB) resulted in in-

crease DNA tail and decrease DNA head 

with Comet assay (Sahin et al., 2015) 

which was led to the genetic mutation, and 

genotoxic, cytotoxic and proapoptotic 

effects (Tasset et al., 2010). 

Determination of the itemize point 

(choice behavior) 

Larvae third- instar feeding – stag-

es Drosophila melanogaster were used. 

Choice-behaviour differs in their dose-

effect characteristics. Those results rev-
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elled that different sets of gustatory recep-

tors Gr-gene family (El-Keredy., 2017). 

The results of behaviour experi-

ments in the Figures (5 to (7A-12A)) 

which explained the relationship between 

sodium benzoate concentrations and its 

preference in the different Egyptian Dro-

sophila strains in the fifth generation after 

8 minutes treatment for each strain. The 

sodium benzoate was affected on larval 

behaviour similarly in different strains 

(Tanta, Kafr El-Sheikh, Canton-S) in the 

highest SB concentration 0.075g although 

Canton-S (wild type strain) was highly 

diverged compared to the Egyptian local 

strains in Africa (Khatab et al., 2015), 

which indicates the extent to behaviour 

effects of genotoxicity and mutation with 

SB treatment. In some studies, like 

(Walczak-Nowicka and Mariola, 2022) 

were discussed sodium benzoate and their 

relationship to neurodegenerative diseases 

(autism spectrum disorder ASD, Schizo-

phrenia, major depressive disorder MDD, 

and pain relief. Electrical system in Dro-

sophila nervous system was played essen-

tial roles in neuronal function (Ammer, et 

al., 2022).  

The effect of treatment with sodium 

benzoate concentrations on gene ex-

pression 

The mRNA expression of Im1 and 

Im2 genes in the different Drosophila 

strains which used (Tanta, Kafr El-Sheikh, 

Mansoura, Alex, Canton-S, and OR) with 

0.007 and 0.075g concentrations in middle 

and last generation of each Drosophila 

strain. In Tables (2 and 3) which recorded 

gene expression for each gene in Dro-

sophila strain for 0.007g and 0.075g SB 

concentrations at middle and last genera-

tion of each strain, where we find a signif-

icant difference between the decrease 

within one generation (Tanta, Kafr El-

Sheikh, Mansoura, Alex, and OR flies) as 

well as between generations. The results 

were recorder will be Aledwany et al., 

(2018) where be reported sodium benzoate 

was affected on lymphocytes, inhibited 

DNA synthesis also increased micronuclei 

and anaphase bridges formation. More 

differences were recorded between Dro-

sophila strains in two generations for Im2 

gene. 

With more than 60% of human dis-

ease were similarity to morphology of 

eucaryotic organism, so, Drosophila was 

used as a model organism of genetic ex-

periments (Sahin. et al., 2015), also in the 

modern studies like (Ganglberger, et al., 

2022) included the Drosophila larvae, 

human, and mouse for brain network visu-

alization. 

Gene expression studies in these 

experiments from Figs. (11 to 16) record-

ed the differences of gene expression be-

tween Im1 and Im2 in different Drosophi-

la strains in the lowest (0.007g) and high-

est (0.075g) SB concentrations compared 

to control at two generation for each 

strain. Sodium benzoate was affected on P 
21

, homocysteine levels, tryptophan me-

tabolism, inhibited of microglia activation 

and inhibited of neopterin production 

(Łucja and Mariola 2022 and Klapoetke et 

al., 2022). 
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Influence of gene expression in Dro-

sophila strains by infection with differ-

ent species of fungi  

In Drosophila melanogaster, fun-

gal infections depends on invariant micro-

bial patterns and the virulence on the host, 

because Drosophila immune system de-

tected kinds of infections and activated 

signal pathways (like Toll pathway) to 

combat microorganisms which were in-

vading (Gottar et al., 2006). Data in Table 

(4) monitored RT-PCR for Im1 gene in 

different Drosophila flies (Tanta, Kafr El-

Sheikh, Mansoura, Canton-S and OR) 

infected with different fungal ssp. (Peni-

cillium, Trichoderma, Aspergillus). 

The gene expression of Im1 gene 

was significantly affected in Tanta and 

Kafr El-Sheikh flies when infected with T. 

citrinoviride, while Penicillium ssp, and 

T. viride affected in gene expression on 

Mansoura strain, but gene expression on 

Alx. and OR strains effected of infection 

with A. terreus. 

Table (5) recorded significant Im2 

gene expression effect to T. viride for both 

Kafr El-Sheikh and Mansoura flies. Alex. 

strain was affected with T. viride, A. fla-

vus, and A. terreus. Canton -S flies was 

more affected with Penicillium ssp and A. 

flavus infection. The OR Drosophila strain 

was the most affected in the lower gene 

expression of Im2 gene for infection with 

different species of fungi except A. niger. 

Antifungal response in Drosophila was 

studied using human pathogenic yeast, 

entomopathogenic fungi, and resulted that 

gene expression levels of Toll-dependent 

Drosophila gene (Gottar et al., 2006). In 

Drosophila Toll receptors activation in 

larval fat body by infection, which caused 

reduction of insulin-like growth factor1 

(IGF1). 

Toll pathway activation led to 

growth reduced and there was a relation-

ship between innate immune signalling 

and endocrine regulation of growth (Su-

zawa et al., 2019). Also, antifungal im-

munomodulator downstream of Toll im-

proving our knowledge of Drosophila 

antimicrobial response (Hanson et al., 

2021). 

Infection of Drosophila strains 

with different species of fungi led to the 

death of a large proportion of flies. This 

affected the gene expression of both Im1 

and Im2 genes, it turned out to be clear 

from Table (2) to Table (5). 

PCR products were electrophoretic 

ally analysed confirm these results for Im1 

gene 187bp which determined in Dro-

sophila flies by Leader (L) for Drosophila 

stains (OR, Canton-S, and Alexandria) 

which infected with Fungal ssp: Penicilli-

um (P), Trichoderma (T), Aspergillus (A) 

in Fig. (17). 

About PCR product gel electropho-

resis for Im2 gene 90bp which located in 

Drosophila (Tanta, Kafr El-Sheikh, and 

Mansoura) strain with different sodium 

benzoate concentrations in Fig. (18). 

Based on experiments which Drosophila 

were infected with fungal ssp. and the 

Im1, Im2 genes were expressed to combat 

attacking fungi. Marko Rohlfs (2005) re-

187bp 

187bp 187bp 
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ported that fungi competed Drosophila 

flies on resources and led to suppression 

of mould growth may adaptive behaviour-

al response. In Drosophila investigating 

the relationship between the inter-

kingdom competition and the behaviour in 

insects. 

Pathological condition of Alz-

heimer diseases AD controlling bacteria in 

the oral cavity and the body (Matsushita et 

al., 2020). 

SUMMARY 

Sodium benzoate (E211) used as a 

food additive was researched on Drosoph-

ila melanogaster (Tanta, Kafr El-Sheikh, 

Mansoura, Alexandria, Canton-S, and OR 

strains) and fungi strains from (Aspergil-

lus species, Trichoderma species, Penicil-

lium spp). Adult and larvae in third larvae 

stages were treated with medium of Dro-

sophila which was mixed with different 

concentrations of sodium benzoate (SB) 

0.007, 0.012, 0.037. 0.050. 0.075g. Mor-

tality and sex ratio were affected with this 

treated so in fifth generation F5 in the 

number of flies and the sexual ratio that 

reached zero (0%) in the highest concen-

tration of benzoate (0.075 g) in Kafr El-

Sheikh flies and the mortality reached its 

highest rate in the highest concentration of 

sodium benzoate which was 98.03%. In 

the ninth and final generation (F9) of the 

Tanta flies. Behaviour experiments choice 

were curry out on third larvae after treated 

with different fungal species concentra-

tions. Sodium benzoate (SB) concentra-

tions from 0.007 g to 0.075 g recorded 

avoidance in different generations about 

more than -7 in Tanta, Mansoura, and 

Alexandria strains at 8 minutes. Rail time 

PCR (Rt. PCR) was used to determine 

gene expression of Im1 and Im2 genes, 

gene expression was zero for highest BS 

concentration for Im1 gene in Alexandria 

flies in the sixth generation, while was 

4.52 compared the control (1.0) for Im2 

gene. Im1 and Im2 genes (PCR product) 

were run in gel electrophoresis. Results 

led to genetics, behaviour and toxicity 

effects to SB on Drosophila melanogaster 

and the over load to fungi strains on the 

Drosophila behaviour through the effect 

of their genes. Thus, it affected flies mor-

tality, sex ratio and behaviour, as well as 

the gene expression of its immune re-

sponse Im1and Im2 genes. 
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Table (1): The primer was used to determined genes. 

Gene name Primer sequence 5 
-
        3 

-
  Reference 

Im1 
F-TGTGGCCAATGGTGAGTAAA 

R –TTTTTCGAATCCTTGGGTTG 
Pal, (2006) 

Im2 
F-TGGCCAACGCTGTTCCC 

R –CCTACTTTCCACCGTGCACAT 
Suzawa et al., (2019) 
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Table (2): RT-PCR for IM1 gene affected with sodium benzoate of middle and last generation on Drosophila 

strains. 

OR canton s Alex Mansoura 
Kafr EL-

Sheikh 
Tanta Generation D. strains 

0.155374189 2.094824112 3.006417392 1.89181317 0.017398302 2.323576628 
middle 

0.007 g 

1.281744628 2.243684691 15.69313031 4.19896760 0.524673919 0.956336728 0.075 g  

2.715778697 9.782524247 0.065537208 1.2198549 0.250121189 0.649376282 
Last 

0.007 g 

0.351897834 1.202189604 0.055615733 2.46767067 0.341669569 2.609789863 0.075 g 

 

 

 

Table (3): RT-PCR for IM2 gene affected with sodium benzoate of middle and last generation on Drosophila 

strains. 

OR Canton- S Alex Manoura 
Kafr El-

Sheikh 
Tanta Generation D. strains 

0.035498 3.2843106 1.026922 2.2808611 1.014803 1.4421854 
middle 

0.007 g 

0.1738421 7.0141152 0.773355 1.765406 0.308685 2.0157366 0.075 g  

0.7581166 2.0228763 3.194129 1.5107136 0.488369 1.549387 
Last 

0.007 g 

0.3725139 6.7602381 4.520974 1.6908913 0.130516 1.7003876 0.075 g 
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Table (4): RT-PCR for Im1 gene affected with fungal species on Drosophila strains. 

A.terreus A.niger 
Aspergil-

lus flavus 

T.citrinovir

ide 
T.viride 

Trichoder-

ma creme-

um 

Penicilli-

um spp 

Fungi 

Strains 

D. strains 

2.4923231 0.9428623 1.8381355 0.4469937 2.0641988 2.6551941 2.5224760 Tanta 

0.2900998 179.61769 0.5289880 0.1196591 0.2495725 0.1218611 0.1321307 
Kafr EL-

Sheikh 

3.0948537 1.0604094 2.6126504 2.7251718 0.8017627 2.9785481 0.7868657 Mansoura 

0.0018094 754.81543 1.2301358 0.5679740 1.5550947 0.0825481 1.8435548 Alex. 

3.5126718 300.7808 0.5298889 1.2481404 0.7465376 2.0668264 2.412298 Canton S 

0.1804719 146.97095 0.7634411 0.2154741 0.2513814 0.2266982 0.358164 OR. 
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Table (5): RT-PCR for Im2 gene affected with fungal species on Drosophila strains. 

A.terreus A.niger 
Aspergil-

lus flavus 

T.citrinovir

ide 
T.viride 

Trichoder-

ma creme-

um 

Penicilli-

um spp 

Fungi 

Strains 

D. strains 

2.598037 1.047759 1.9651255 0.444933 2.021730 1.6349001 1.5555444 Tanta 

0.290100 179.6176 0.528988 0.354497 1.111547 0.151730 0.266161 
Kafr EL-

Sheikh 

3.094853 1.060409 1.8072784 1.9181273 1.113428 1.5823242 0.290100 Mansoura 

0.818635 694.3785 0.722500 1.053535 0.773093 1.829020 22.769389 Alex. 

0.624165 151.1706 0.2404112 0.7115672 4.963395 7.0128458 0.0248605 Canton S 

0.559855 76.81911 0.1220537 0.1582196 0.223904 0.399363 0.2226971 OR. 
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Fig. (1) The progeny number of Drosophila melanogaster in 

the last generation (F9) with sodium benzoate concentra-

tions males, females were counted in  Tanta strain. 

 

 

 

 

 

 

Fig. (2) The progeny number of Drosophila melanogaster 

in the last generation (F5) with sodium benzoate con-

centrations males, females were counted in Kafr El-

Sheikh strain. 
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Fig. (3) The progeny number of Drosophila melanogaster 

in the last generation (F7) with sodium benzoate con-

centrations males, females were counted in Mansoura 

strain 

 

 

 

 

 

Fig. (4) The progeny number of Drosophila melanogaster 

in the last generation (F6) with sodium benzoate con-

centrations males, females were counted in Alexan-

dria strain. 
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Fig. (5) The progeny number of Drosophila melanogaster 

in the last generation (F5) with sodium benzoate con-

centrations males, females were counted in Canton-S 

strain 

 

 

 

 

 

Fig. (6) The progeny number of Drosophila melanogaster 

in the last generation (F6) with sodium benzoate con-

centrations males, females were counted in OR strain 
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Fig. (7A) Histogram of the average of preference for sodium benzoate concentration 

on Tanta strain larvae in the F5 after 8 minutes. 

 

 

Fig. (8A) Histogram of the average of preference for sodium benzoate concentration 

on Kafr El-Sheisk strain larvae in the F5 after 8 minutes. 
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Fig. (9A) Histogram of the average of preference for sodium benzoate concentration 

on Mansoura strain larvae in the F5 after 8 minutes. 

 

 

Fig. (10A) Histogram of the average of preference for sodium benzoate concentra-

tion on Alexandria strain larvae in the F5 after 8 minutes. 
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Fig. (11A) Histogram of the average of preference for sodium benzoate concentra-

tion on Canton-S strain larvae in the F5 after 8 minutes. 

 

 

Fig. (12A) Histogram of the average of preference for sodium benzoate concentra-

tion on OR strain larvae in the F5 after 8 minutes. 
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Fig. (11) Gene expression for both gene Im1 and Im2 result of the effect of sodium benzo-

ate concentrations in Tanta strain. 

 

 

 

 

 

    

Fig. (12) Gene expression for both gene Im1 and Im2 result of the effect of sodium benzo-

ate concentrations in Kafr El-Sheikh strain. 
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Fig. (13) Gene expression for both gene Im1 and Im2 result of the effect of sodium benzoate 

concentrations in Mansoura strain. 

 

 

 

 

        

Fig. (14) Gene expression for both gene Im1 and Im2 result of the effect of sodium ben-

zoate concentrations in Alexandria strain. 

1.00 d 
1.89 c 

4.20 a 

1.22 d 

2.47 b 

0.00
1.00
2.00
3.00
4.00
5.00

co
n

tr
o

l

0
.0

0
7

 g

0
.0

7
5

 g

0
.0

0
7

 g

0
.0

7
5

 g

G3 G7G
e

n
e

 e
xp

re
ss

io
n

 (
2

^-
∆
∆
C
t)

 

Sodium benzoate 
concentrations 

Im1 

1.00 d 

2.28 a 

1.77 b 
1.51 bc 

1.69 b 

0.00

0.50

1.00

1.50

2.00

2.50

co
n

tr
o

l

0
.0

0
7

 g

0
.0

7
5

 g

0
.0

0
7

 g

0
.0

7
5

 g

G3 G7

G
e

n
e

 e
xp

re
ss

io
n

 (
2

^-
∆
∆
C
t)

 

Sodium benzoate concentrations 

Im2 

1.00 c 3.01 b 

15.69 
a 

0.07 d 0.06 d 
0.00
5.00

10.00
15.00
20.00

co
n

tr
o

l

0
.0

0
7

 g

0
.0

7
5

 g

0
.0

0
7

 g

0
.0

7
5

 g

G3 G6

G
e

n
e

 e
xp

re
ss

io
n

 (
2

^-
∆
∆
C
t)

 

Sodium benzoate 
concentrations 

Im1 

1.00 c 1.03 c 0.77 cd 

3.19 b 

4.52 a 

0.00

1.00

2.00

3.00

4.00

5.00

co
n

tr
o

l

0
.0

0
7

 g

0
.0

7
5

 g

0
.0

0
7

 g

0
.0

7
5

 g

G3 G6G
e

n
e

 e
xp

re
ss

io
n

 (
2

^-
∆
∆
C
t)

 

Sodium benzoate concentrations 

Im2 



Genotoxicity and behavioural effects of sodium benzoate and  

some fungal strains on Drosophila melanogaster 

71 

      

Fig. (15) Gene expression for both gene Im1 and Im2 result of the effect of sodium benzoate 

concentrations in Canton-s strain 

 

 

 

 

 

 

    

Fig. (16) Gene expression for both gene Im1 and Im2 result of the effect of 

sodium benzoate concentrations in OR strain. 
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Fig. (17) PCR product gel electrophoresis for Im1 gene at the last generation of each strain 

for the effect of sodium benzoate and fungal strains on different Drosophila strains 

 

 

 

 

 

 

 
Fig. (18) PCR product gel electrophoresis for Im2 gene at the last generation of each strain 

for the effect of sodium benzoate concentrations on different Drosophila strains 
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arley (Hordeum vulgare) is the 

most important cereal crop in the 

world after wheat, maize and rice (FAO-

STAT, 2015). It is used mainly for animal 

and poultry feeding, as well as in the 

pharmaceutical industry and malt (Biel 

and Jacyno, 2013). Climate changes are 

one of the most challenging agricultural 

problems globally  cultivation. Barley 

grain yield and quality are significantly 

affected by elevated temperature, Lobell 

et al., (2011). Heat stress is the most ad-

verse abiotic constraint that significantly 

affects plant growth, physiology, yield, 

and productivity for most crops (Bilal et 

al., 2015 and Lobell et al., 2015). Heat 

stress causes many physiological effects 

i.e. membrane protein denaturation, en-

zyme inactivation, and changes in mem-

brane permeability. These changes re-

duced ion flux, cause leakage of electro-

lytes and water content as well as cause 

the production of toxic compounds 

(Mafakheri et al., 2010). Heat shock pro-

teins (HSPs) play a critical role in sensing 

and initiating heat shock response in 

plants during high temperature stress. 

Heat shock response is triggered by HSPs 

which are swiftly accumulated under tem-

perature increments to reduce expected 

damage (Serrano et al., 2019). Plants in-

duce different stress-responsive biomole-

cules as a part of their tolerance mecha-

nisms. Molecular chaperones are of the 

most important biomolecules, which act to 

reduce the adverse effects of cells by 

stress. The heat shock response and the 

HSP are predicted to be evolutionary con-

served. There is an intimate association 

between expressions of HSPs with that of 

resistance to high temperature stress 

(HTS) but in-depth mechanism through 

which HSPs work to increase thermo tol-

erance is yet to be fully understood (Singh 

et al., 2016). 

Heat shock proteins bind to their 

substrate reversibly and an ATP-

dependent in function manner to promote 

protein folding in a native state, and in-

duce proteolysis and disaggregation of 

substrate proteins without forming part of 

B 
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the final product. Among the five major 

Hsp families, a class of Hsp70 family pro-

teins consists of a conserved N-terminal 

ATP-binding domain and C-terminal sub-

strate-binding domain along with a C-

terminal lid with a variable number of 

amino acids (Flaherty et al., 1990). An-

other class of molecular chaperone family 

Hsp90 proteins function in the form of a 

dimer; each promoter consists of an ATP-

binding domain at the N-terminal, and 

linker M-domain and dimerization domain 

at the C-terminal (Pearl and Prodromal, 

2006). 

The Heat Shock Regulators (HSR) 

has a modular structure and is conserved 

among eukaryotes. Despite the variability 

in sequence and size, the mode of promot-

er recognition and their basic structure 

show high similarities (Bjork and Sis-

tonen, (2010); Fujimoto and Nakai, 

(2010). Heat shock factors are in classes 

and groups, i.e., Arabidopsis thaliana has 

21 HSFs in three classes (A, B and C), 

which include 14 different groups (A1 to 

A9, B1 to B4 and C1), Scharf et al., 

(2012). The roles of heat shock factor A1 

(HSFA1) in response to the stress factors 

other than heat have not been determined. 

In response to high temperature, HSFA1 

triggers the expression of different tran-

scription regulators; Liu and Charng, 

(2012). HSFA2 is a heat-inducible tran-

scription factor (Busch et al., 2005) and it 

is a secondary regulator under the control 

of at least one master regulato. Early and 

late heat shock gene expression can be 

mediated through this HSFA2 (Nishizawa, 

2006). 

In this investigation, the differen-

tial response to heat shock is studied by 

comparing heat tolerance with heat sensi-

tive barley genotypes; in an attempt to 

clarify the correlation between some HSP 

regulatory and some biochemical indica-

tors for heat tolerance. 

MATERIALS AND METHODS 

Barley Genotypes and Planting condi-

tions 

Four barley (Hordeum vulgare) 

genotypes as shown in Table (1) were 

obtained from Crop Research Institute, 

Sakha, Kafr-Elsheikh. Forty barley seeds 

of each genotype with three replicates 

were cultivated in plastic plates (20 x 9.5 

x 7 cm) containing coco beet, perlite and 

clay soil. Germinated seeds were grown in 

a growth chamber at 18ºC and 5000 Lux 

light for 14/10 Light/Dark. Plants were 

irrigated with Hoagland solution (0.5) up 

to 23 days. Samples for heat stress (shock) 

treatment were collected as follow; control 

at 18ºC as well as 2h, 4h and 8h at 35°C. 

One and 48 h recovering treatments at 

18ºC were carried out to compare the re-

covering response of plants.  

Electrolyte leakages  

 Electrolyte leakage (EL) was 

measured as an indicator for quantification 

of plant cell membrane damage and cell 

death. Individual seedlings (0.5 gm. of 

each) in three replicates were used to 

measure the electric conductivity (EC 

meter Adwa-AD32). Seedling parts were 

placed in a test tube containing 10 ml of 

https://link.springer.com/article/10.1007/s10142-019-00695-y#ref-CR16
https://link.springer.com/article/10.1007/s10142-019-00695-y#ref-CR37
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sterile distilled water. The conductivity of 

the solution was measured three times i.e., 

immediately after rinsing, after one hour 

and after one hour of boiling (then cooled 

to room temperature). Leakage rate of 

electrolytes (expressed in 

µS·cm−1.FW·h−1) was calculated as the 

net conductivity of the solution with seeds 

immersed for 1 hr., divided by the total 

conductivity after boiling according to 

Lutts et al., (1996) with some modifica-

tion. 

Electrolyte leakages (EL) = 

(LEC1) – (LEC0) / (LEC2) – (LEC0). 

Where: LEC0 = Measure immedi-

ately after soaking the samples in dis-

tilled- water, LEC1= Measure after 

soaking the samples in distilled-water 

for one hour and LEC2= Measure after 

boiling the samples for an hour. 

Lipid Peroxidation Evaluation 

Lipid peroxidation was evaluated 

as the concentration of 

2-thiobarbituricacid (TBA) reactive prod-

ucts, equated with malondialdehyde 

(MDA), as described by Anjum et al., 

(2012) with slight modifications according 

to (Hendry and Grime,1993). Plant tissue 

(0.5 gm.) was homogenized in 5 ml (5% 

W/V) trichloroacetic acid (TCA), and cen-

trifuged at 4000 rpm at 5ºC for 10 min. 

The chromogenicity was formed by mix-

ing 2 ml of supernatant with 3 ml of reac-

tion mixture (20% TCA and 0.5% TBA). 

The mixture was heated at 100ºC for 15 

min., and then stopped by rapid cooling in 

an ice-water bath. The reaction was centri-

fuged at 4000 rpm at 5ºC for 10 min. The 

absorbance was then read at 532 nm and 

correction for unspecific turbidity was 

done by subtracting the absorbance of the 

same at 450 and 600 nm. The TBA-

reactive products (MDA) were expressed 

as (nmol. g-1) DW and calculated as flow: 

[(Abs 532 – Abs 600) - 0.0571 * (Abs 450 

– Abs 600)] / 0.155. 

Samples were collected and imme-

diately frozen using liquid nitrogen and 

kept at –80ºC until use for further bio-

chemical and molecular analysis. 

Total soluble protein extraction  

One half gram of plant tissue was 

ground to a fine powder then added to 

liquid nitrogen. Ground powder was ho-

mogenized in ice cold mortar and pestle in 

1.0 ml of extraction buffer containing 20% 

of sucrose, 50mM of Tris, 50mM of  NaCl 

and Protease inhibitors(Sigma-Aldrich) 

according to (Eldenary and Elshawy, 

2014)with some modifications. Concen-

tration of extracted proteins was deter-

mined according to Bradford, (1976). 

Antioxidant enzymes assays 

Changes in isozyme activities for 

antioxidant enzymes were studied using 

native PAGE (under non-reduced, non-

denatured conditions) at 5ºC according to 

the suggested method by weydert and Cul-

len (2010). Native- PAGE was carried out 

for SuperOxide Dismutase (SOD) and 

Catalase (CAT). 
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Native PAGE Analysis of Antioxidant 

Enzymes 

Native PAGE was performed ac-

cording to (Laemmlie, 1970) without 

SDS. An equal amount of protein was 

separated on the native gel which was then 

rinsed in the detection reaction buffer ac-

cording to the type of enzyme.  

For SODs activity was detected by 

nitroblue tetrazolium (NBT) reduction by 

superoxide radicals that were photochemi-

cally generated; according to Beauchamp 

and Fridovich, (1971). After electrophore-

sis, the gels were covered with a solution 

containing 0.25 mg/mL−1 of NBT and 0.1 

mg·mL
-1 

of riboflavin, and then exposed 

to a light. The two types of SOD 

(Mn-SOD and Cu/Zn-SOD) were identi-

fied using inhibitors. Mn-SOD was diag-

nosed by its sensitivity to a 5 mM of H2O2 

and 1 mM of KCN, while Cu/Zn-SOD 

was identified by its sensitivity to 1 mM 

of KCN (Navari-Izzo et al., 1998). 

CAT activity in native PAGE gels 

was determined using the methodology 

According to Woodbury et al., (1971).  

Total RNA Extraction 

Total RNA was extracted from bar-

ley seedlings of control and heat treated 

plants for the different genotypes using 

EZ-10 Spin column Plant RNA Mini-

Preps Kit (BIO BASIC CANADAINC) 

according to the attached protocol. RNA 

quantity and purity was determined using 

Nano drop spectrophotometer (Bio Drop 

μLITE.UK). RNA samples with 260/280 

nm ratio more than 1.9 were considered as 

acceptable for RT-qPCR reactions. RNA 

quality and integrity were confirmed via 

electrophoresis on a 1.5% agarose gel.  A 

two μg of total RNA were used for c-DNA 

synthesis in a 20-μl of reaction mix using 

oligo (dT) primer and the HiSenScript™ 

RH cDNA synthesis kit (iNtRON Bio-

technology). 

Determination of Gene expression 

Five primer pairs (Table 2) were 

designed using the NCBI Primer-BLAST 

program (http://www.ncbi. 

nlm.nih.gov/tools/primer-blast). Real-time 

quantitation of gene expression (RT-

qPCR) analysis was carried out to confirm 

the induced changes in the gene expres-

sion. RT-qPCR reactions were conducted 

using 5X HOT FIREPol R EvaGreen R q-

PCR Mix Plus (ROX) (enzynomics- Ko-

rea) in a 20 μL of reaction volume. The 

reactions were run (Applied Biosystem™ 

Step One Plus™ Real Time PCR system) 

using alpha tubulin Hordeum vulgare gene 

as an internal control (Accession number 

U40042.1). All tested samples were con-

ducted in two biological replicates. 

RESULTS AND DISCUSSION 

Physiological and biochemical analysis 

Electrolyte leakage (EL) is one of 

the physiological parameters used for es-

timation of cell membrane stability due to 

its sensitivity to heat stress (Rehman et al., 

2016). The electrolyte leakage was meas-

ured as an indicator for the injury of the 

membranes their stability. Figure (1) 

https://journals.ashs.org/hortsci/view/journals/hortsci/55/9/article-p1446.xml;#B29
https://journals.ashs.org/hortsci/view/journals/hortsci/55/9/article-p1446.xml;#B29
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showed the measured EL as Electric Con-

ductivity (EC) of seedling leaves of the 

tested four barley genotypes; according to 

Faralli et al., (2015). 

The estimated oxidation rates 

(SOD) under HS stress comparing with 

the control is shown in Fig. (2). The reac-

tion on the gel indicated that in the studied 

genotypes did not show significant in-

crease in the Cu/Zn-SOD isozyme activi-

ty. However, Mn-SOD isozyme activity 

(high molecular weight band) was ob-

tained only in the moderate (adaptive) 

genotype G2000 which showed the pres-

ence of two types of isozyme. In spite of 

catalase (CAT) all studied genotypes 

showed only one similar isoform of CAT 

enzyme under heat shock stress as well as 

the control plants, Fig. (8). Comparing 

there results (on shoots) with Kuralay et 

al., (2021) who exposed barley seedlings 

to combined of  drought as well as high 

temperature stresses and showed consid-

erably lower CAT and SOD activities in 

the shoots and this may confirm these 

results. While in the same barley seed-

lings; SOD and CAT activities in the roots 

were drastically increased under high 

temperature stresses and they detected two 

new SOD isoforms in the roots. 

Lipid peroxidation is an indicator 

for the oxidative effect of the abiotic stress 

especially in the sensitive genotypes that 

might have not enough antioxidant content 

(enzymatic/non-enzymatic). The concen-

tration of 2-thiobarbituricacid (TBA) reac-

tive products, equated with Malondialde-

hyde (MDA) were evaluated. Although, 

there were no significant differences in 

SOD and CAT activities with HS treat-

ment, the MDA showed clear differences 

between sensitive and tolerant genotypes. 

Figure 3 showed that G129 genotype (sen-

sitive) appeared high lipid peroxidation 

compared with the G134 (tolerant) geno-

type. G134 (tolerant) genotype appeared 

negative values even with increased HS 

exposure times. The other sensitive geno-

type (G135) showed low lipid peroxida-

tion (negative value) in the control and 2h 

at 35ºC, while the lipid peroxidation was 

increased with HS times increasing. Inter-

estingly, the G2000 genotype showed high 

lipid peroxidation but it was reduced when 

the plants were transferred to 18ºC after 

48 h. Yingyan et al., (2013) reported that 

MDA was significantly increased in bar-

ley seedlings with the rising of tempera-

ture, and the clearest values were at the 

range of 35°C- 40°C. They also concluded 

that the tolerant genotypes for HS stress 

appeared lower in MDA than the sensitive 

genotypes. 

The interpretation for this behavior 

is that the tolerant genotype G134 may 

have non enzymatic antioxidant which 

reduced the harmful oxidative effect. 

Differential HSPs gene expression 

The four tested genotypes (exposed 

to HS at 35°C for three different times) 

were evaluated for gene expression. The 

selected 4 genes related to heat shock tol-

erance i.e. HSP70, HSP90, HSFA1 and 

HSFA2 genes were analyzed using qRT-

PCR technique. Two of them (HSFA1&2) 



Elshora Shimaa M. et al. 

 

78 

are transcription factors. Expression level 

was standardized on the α-tubulin gene as 

the internal control gene. Relative expres-

sion (RQ) of the studied genes is shown in 

Figs. (4, 5, 6 and 7). 

Figure (4) illustrated that HSP 70 

gene was significantly increased about 15 

fold in the sensitive genotype G-135 (2 h 

at 35°C) compared with the control, while 

the increased value was only about 4 fold 

in the tolerant genotype G134 with the 

same treatment compared with the control. 

On the other hand, the moderate genotype 

G2000 and the sensitive one (G129) did 

not show a significant increase in the ex-

pression of HSP70 gene under HS treat-

ments. 

The other studied gene of HSP90 

(Fig. 5) showed up regulation (70 fold) in 

the sensitive genotype (G129) under HS 

(2h at 35ºC condition, but the tolerant 

genotype (G134) showed a quite increase 

(3 fold) with the same treatment in com-

parison with the control plants. This result 

was agreed with, Faralli et al., (2015) who 

exposed barley seedlings to heat shock 

stress and found that the expressions for 

HSP18 and HSP90 genes on qRT-PCR 

were significantly increased. Moreover, 

they mentioned that HSP70 gene was 

transcribed in the control and shocked 

seedlings, but its expression was not sig-

nificantly like HSP90 gene .Other investi-

gation by Sadura et al., (2020) who con-

cluded that it may rely on the ability of the 

membranes to continuously accumulation 

for HSP70 gene proteins; as a result they 

did not need to perform over expression, 

but the opposite in HSP90 and HSP18 

genes were occurred. 

The regulator HSFA1 transcription 

factor for HSP70 gene showed higher ex-

pression levels under HS 8h at35ºC (more 

than 3 fold) in the tolerant genotype G134 

(Fig. 6) compared with  the control plants 

under normal condition (at 18ºC),while 

the sensitive  genotype G129 under all 

conditions were remain around the control 

value. Heerklotz et al., (2001), and Mishra 

et al., (2002); reported that, in plants, 

HSFA1 is constitutively expressed and has 

a unique function as “a master regulator” 

of heat shock response.  

 Figure (7) Showed the expression 

level of HSFA2 transcription factor that 

was higher (10 fold) for 2h at 35ºC in the 

sensitive genotype (G135), while moder-

ate high expression (6 fold) in the tolerant 

genotype (G134) under HS condition was 

occurred at the same treatment. The adap-

tive genotype G2000 showed only 2 fold 

expression at HS for the exposure time 4 h 

at 35ºC. Scharf et al., (1998) pointed out 

that HSFA1 factor during normal condi-

tion is distributed in the cytoplasm and 

upon activation by heat stress, nuclear 

localization of HsfA1 starts which then 

leads to the expression of HSFA2 and 

HSFB1 and the formation of hetero oli-

gomer (termed super activator complexes) 

between HSFA1 and HSFA2 transcription 

factors. 

SUMMARY 

Sever climatic changes, especial-

ly high temperature, is one of the most 
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important abiotic factors defining the yield 

potential of temperate cereal crops such as 

barley. In this work, 4 barley genotypes 

were used to study the differential re-

sponse to heat shock. Physiological data 

pointed that the sensitive genotype 

showed high leakage and lower electric 

conductivity. The sensitive genotype 

(G129) showed high lipid peroxidation 

compared with G134, the tolerant one. 

The quantitative PCR analysis for the 

studied heat shock proteins and transcrip-

tion factors showed that the level of gene 

expression of HSP70 was significantly 

increased after a short time under HS in 

the sensitive genotype, while a slight in-

crease was observed in the tolerant geno-

type. The HSP90 showed up regulation in 

the sensitive genotype G129 under HS 

condition, but the tolerant genotype G134 

showed quite an increase in comparison 

with control plants. The regulator HSFA1 

showed higher expression level in the tol-

erant genotype G134 comparing with 

G129. The expression level of HSFA2 

was higher in the sensitive genotype 

(G135), while moderate high expression 

in the tolerant genotype G134.  
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Table (1): Tested barley genotypes; pedigree and heat stress tolerancy. 

Genotype Pedigree 
Heat stress 

tolerancy 

G-129 Deir Alla106/Cel//As 46/Aths *2 Sensitive 

G-135 ZARZA/BERMEJO/4/DS4931//GLORIA Sensitive 

G-134 Alanda-01/4/WI2291/3/Api/CM67//L2966-69 Tolerant 

G-2000 Giza117/Bahteem52//Giza118/FAO86/3/Baladi16/Gem Moderate 

Sensitivity, Tolerance or Moderation for the Genotypes identification was obtained according to 

Barley Res. Dept., Field Crops Res. institute, Agricultural Res. Center, Egypt. 

 

 

Table (2): Gene name, primer sequence and accession number. 

Gene Forward Primer 5’
→

3’ Reverse Primer 5’ 
→

3 ’ 
Accession 

number 

α-Tubulin 
AATGCTGTTGGAGGTGGA

AC 
GAGTGGGTGGACAGGACACT U40042.1 

Hsp70 

AAGGACAAGCTTGCGGAC

AA 

 

ACTAGCTCAGCATACAGGCAC L32165.1 

HSP90  
CGTCGTTGGATGGTTTTGG

C 

GCAGATGAAAGCAATAAGCA

GGG 
AY325266.1 

HSFA1 

ATGATGGCCTGAACCCTG

AA 

 

TTCCGGGTTGATGAAGAGCT 
HM446022.

1 

HSFA2 

AGATGATGGGGTTCTTGG

CA 

 

GCTCACTCTGGCTTGTTGTC 
HM446025.

1 

α-Tubulin: Alpha tubulin, Hsp70: Heat shock protein70, HSP90: Heat shock protein 90. HSFA1: Heat 

shock factor A1, HSFA2: Heat shock factor A2. 
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Fig. (1): EC for the tested barley genotypes under heat shock treatment. 
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Fig. (2): ative gel showed SOD activities in control and heat shock treated seedlings. Lane 1 

was control and lanes 2, 3 and 4 were exposed to 35ºC for 2 h, 4h and 8h, 

respectively. While lanes 5 and 6 were recovering at 18
º
C for 1h and 48 h, 

respectively. 
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Fig. (3): Showed MDA for the tested barley genotypes under heat shock treatment. 

 

 

 

 

 

Fig. (4): levels of HSP70 gene expression for the tested barley genotypes under heat shock 

treatments. 
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Fig. (5): levels of HSP90 gene expression for the tested barley genotypes under heat shock 

treatments. 

 

 

 

 

Fig. (6): Levels of HSFA1 gene expression for the tested barley genotypes under heat shock 

treatments. 
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Fig. (7): Levels of HSFA2 gene expression for the tested barley genotypes under heat shock 

treatments. 
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Fig. (8): Native gel showed Catalase activities in control and heat shock treated seedlings. 

Lane C was control and lanes 1, 2 and 3 were exposed to 35ºC for 2 h, 4h and 8h, 

respectively. While lanes 4 and 5 were recovering at 18ºC for 1h and 48 h, 

respectively. 
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