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Abstract 
Developing transgenics that express high levels of Cry1Ac protein, and at the same 
time, are phenotypically normal, has not been an easy task to achieve. It has been 
routinely observed that most of the transgenic plants that survive, show no or ex-
tremely low levels of Cry1Ac protein. However, all of these plants do express the se-
lectable marker, nptII gene. In the present study, we record an interesting observa-
tion of how one of the genes (cry1Ac) on a single T-DNA fragment is selectively si-
lenced, keeping the expression of the other gene (nptII) intact. Further, this silenced 
state is inherited. 
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1. Introduction 

Insect resistant Bt cotton is the only commercialized genetically modified crop in India 
so far. From a few hectares when introduced in 2002, the transgenic cotton now occu-
pies about 95% of the total cotton-growing acreage of 12.25 million hectares [1] in In-
dia. Cotton is an economically important crop for India. The crop shows high suscepti-
bility to lepidopterans, the major one in India being Helicoverpa armigera. The use of 
Bt cotton, which specifically kills these lepidopteran pests, has been a boon to the cot-
ton industry. The insecticidal transgenic crop, utilizes the δ-endotoxin produced by the 
ubiquitously present, Gram-positive bacteria, Bacillus thuringiensis to kill the attacking 
pests. Bacillus thuringiensis contains an array of insecticidal toxins including Cry pro-
teins, cytolysins (Cyt toxins), enterotoxins, chitinases, hemolysins, phospholipases etc. 
[2]. Bt cotton exploits the insecticidal activity of the Cry proteins. This is a very robust 
technique as the cry genes are extremely specific in terms of their target insect group.  

Following the success of Bt cotton, many laboratories ventured into developing new 
Bt lines with high toxin levels. However, this hasn’t been an easy feat to achieve, and so 
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far very few Bt events have been commercialized-though, hybrids made from these 
events are quite many. Many laboratories have reported difficulties in developing 
transgenics with cry genes [3] [4] [5].  

It has been shown in a study by our laboratory that the expression of cry1Ac gene has 
adverse effects on the in vitro regeneration and growth of transgenic plants, in studies 
involving cotton and tobacco [6]. During the experiments undertaken in cotton, a 
strong correlation was observed between level of expression of Cry1Ac protein and 
phenotypic abnormality, meaning thereby, that the transgenic plants exhibiting high 
levels of the Cry1Ac protein showed abnormalities such as stunted growth, no boll 
formation, lack of seed setting etc. In this work [6], an important observation was that, 
out of all the T0 independent transgenic lines developed in cotton, with the binary vec-
tor represented in Figure 1, only 15% of the lines were observed to show detectable lev-
els of Cry1Ac protein as tested by ELISA, though all of these lines expressed the marker 
gene nptII. This analysis was carried out in T0 transgenics. Thus, in these transgenic 
lines, the expression of the cry1Ac gene was silenced, while the neighbouring selection 
marker, nptII seemed to be active. 

Further, Southern hybridization showed that in about ~29% of the transgenics ana-
lysed, the cry1Ac cassette was physically deleted, although the nptII cassette was found 
to be present [6]. Such observation had not been reported earlier in studies on devel-
oping transgenic lines with different genes. Interestingly, in these transgenic lines the 
cry1Ac cassette was placed towards the right border (RB) of the T-DNA, while the se-
lection marker (nptII) was placed towards the left border (LB). It is well established that 
T-DNA transfer proceeds from RB to LB, and although incomplete transfers can take 
place at both the borders, the placement of the marker at the LB ensures the presence of 
the passenger gene in most of the cases [7]. 

The transformation experiments, using the same construct as used in cotton (Figure 
1), when repeated in tobacco (Nicotianata bacum cv. Xanthi) showed similar results. 
Again, a major observation was that a large percentage of the developed kanamycin re-
sistant transgenic tobacco did not show observable level of Cry1Ac protein.  

In summary, in the previous work there were two different kinds of kanamycin re-
sistant (KanR) transgenic tobacco lines observed, ones that expressed cry1Ac gene 
(hereafter called as expressors), and those that did not express cry1Ac (non-expressors). 
The present study was undertaken to test the inheritance of the expression status in 
these lines in the T1 generation, as well as to try and identify the possible reasons for the 
interesting observation of selective silencing of the cry1Ac gene, keeping the selection 
marker (nptII) active. For the present study progeny of 6 independent tobacco T0  

 

 
Figure 1. A vector map of the construct used for developing transgenics in tobacco and cotton, 
used by Rawat et al. 2011. The construct carries the cry1Ac (UDSC) gene driven by a CaMV 35S 
double enhancer promoter at the right border, and a selection marker nptII gene driven by the 
nos promoter at the left border. 
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transgenic lines were selected for further analysis viz., three expressor lines viz. E1.7, 
E2.19 and E3.39, and three non-expressor lines viz. NE1.59, NE1.35 and NE1.08 (from 
the previous study [6]). All the six transgenic lines chosen were developed through 
Agrobacterium-mediated transformation of tobacco, using the construct described in 
Figure 1. The expressor lines, E1.7, E2.19 and E3.39, expressed both cry1Ac and nptII 
genes. The levels of Cry1Ac protein expressed in these lines were, ~0.48 ppb/µg total 
protein for E1.7, ~1.3 ppb/µg total protein for E2.19, and, ~3.43 ppb/µg total protein for 
E3.39, respectively. The non-expressor lines, NE1.59, NE1.35 and NE1.08 showed no 
detectable levels of Cry1Ac protein though they were resistant to kanamycin. 

2. Materials and Methods 
2.1. Segregation Analysis of T1 Generation Seeds 

Six independent tobacco transgenic lines were selected, three expressor lines viz. E1.7, 
E2.19 and E3.39, and three non-expressor lines viz. NE1.59, NE1.35 and NE1.08 (from 
the previous study [6]). T1 seeds of these lines were germinated on MS (Murashige and 
Skoog) media [8], at pH 5.9 - 6.0 with kanamycin (100 mg/L) as selection agent, to 
study the segregation pattern of the transgene. Seeds that germinated on kanamycin 
was scored as resistant (KanR) and those that did not as sensitive (KanS) Segregation 
analysis was done using the χ2 test, where the observed values were compared to the 
expected values, corresponding to the integration of the transgene at a single locus fol-
lowing a 3:1 Mendelian ratio, of KanR:KanS seedlings. Progeny of lines with integration 
of transgene at single locus were taken for further analysis. 

2.2. Analysis of Presence/Absence of Cry1Ac Protein in Transgenics by  
Qualitative ELISA  

The expression of the Cry1Ac protein was studied in the T1 progeny lines by Qualitative 
ELISA. Twelve randomly selected KanR progeny lines of NE1.59, NE1.35. E1.7, E2.19 
and E3.39 were selected for this analysis. Analysis of Cry protein was carried out on the 
first fully expanded leaf of the putative transgenic. This was carried out using Sandwich 
Enzyme Linked Immunosorbent Assay (ELISA) from Envirologix, USA. This was car-
ried out using Cry1Ac/Ab ELISA kit, Amar Immunodiagnostics, India. 

2.3. Analysis of Cry1Ac Protein Level in Different Progeny Lines by  
Quantitative ELISA  

The progeny lines of the three Cry1Ac expressing lines, i.e. E2.19, E1.7 and E3.39 
ELISA were analyzed for their protein levels by Quantitative ELISA kit from Envi-
rologix, USA. Estimation of Cry1Ac protein was carried out using 0.5 µg and 1.0 µg of 
total protein. The total protein concentration in each sample was determined by Brad-
ford method [9], using known concentrations of BSA as standard.  

2.4. Analysis of Presence/Absence of cry1Ac and nptII Gene  
Cassettes Using PCR 

Six progeny lines of NE1.35 were randomly selected and PCR amplifications were car-
ried out on the genomic DNA from different regions, these regions included, cry1Ac 
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complete cassette, cry1Ac 5’ end, cry1Ac 3’ end, nptII gene and the 35S de promoter 
region. This was done to make sure that there was no truncation or deletion in the 
Cry1Ac protein, which resulted in the silencing. All the amplicons were sequenced to 
check for the presence of any random mutation. The sequences of the oligonucleotides 
used for amplification is presented in Table 1.  

2.5. Analysis of Transcript Level by RT-PCR 

Total RNA was extracted using “Spectrum Plant RNA isolation kit” from Sigma, fol-
lowing the manufacturer’s instructions. cDNA was synthesized using QuantiTect Re-
verse Transcription kit (Qiagen). The cDNA synthesis was carried out in a reaction 
volume of 20 µl. 

Amplifications were done on the selectable marker nptII gene, along with both 3’ and 
5’ends of the cry1Ac gene to make sure that there was no truncation, using gene spe-
cific primers. Ubiquitin-conjugating enzyme (UCE) specific amplifications were carried 
out as internal control. The sequences of oligonucleotides that have been used for the 
amplifications are the same as used for the PCR amplifications on genomic DNA 
(Table 1). 

3. Results 
3.1. Segregation Analysis of the T1 Generation Seeds 

Based on the χ2 test, it was observed that 5 of the 6 lines had integration of the trans-
gene at a single locus. The results have been summarized in Table 2. 

3.2. Analysis of Presence/Absence of Cry1Ac Protein in T1 by  
Qualitative ELISA 

Approximately 12 T1 progeny lines of the independent T0 lines were analysed for the  
 

Table 1. Sequences of primers and their TM used for amplification of different fragments of the integrated transgenes. The expected size of 
amplicons is also shown. 

Gene/region Oligo name Oligo sequence TM Amplicon size (bp) 

cry1Ac 3’ end 
Cry1Ac 3’FP 5’GAGTTCAACAACATCATC GC 3’ 

54.4˚C 400bp 
Cry1Ac 3’RP 5’CTATTCAGCCTCGAGTGTTG 3’ 

cry1Ac 5’ end 
Cry1Ac 5’FP 5’ATGGACAACAACCCAAACATCA 3’ 

59˚C 467bp 
Cry1Ac 5’RP 5’ATTGAATACGCATTTCCTCGC 3’ 

cry1Ac 
Cry1Ac full FP 5’ATGGACAACAACCCAAACATCAAC3’ 

60˚C 1848bp 
Cry1Ac full RP 5’CTATTCAGCCTCGAGTGTTGCAGTA3’ 

35Sde promoter (only 
for DNA-PCR) 

TPchk-Cry1Ac FP 5’GCTTGCATGCCTGCAGGT 3’ 
60˚C 847bp 

TPchk-Cry1Ac RP 5’CCCCAGATGATGTCAACTAGTCCG3’ 

nptII 
NptII FP 5’TTTGTCAAGACCGACCTGTC 3’ 

58˚C 650bp 
NptII RP 5’AAGAACTCGTCAAGAAGGCG 3’ 

Ubiquitin-conjugating 
enzyme (UCE) 

UCE FP 5’GAGGATTCTTTCTGAGGGGTTT 3’ 
55˚C 230bp 

UCE RP 5’AGGGAAGTGAATGGTAACGAGA 3’ 
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Table 2. Segregation analysis of T1 progeny lines of 6 independent transgenic lines. 

T0 event 
Number of seeds 

of T1 progeny 
analysed 

KanR KanS 
χ2 value based on null hypothesis of 

3:1 ratio (KanR:KanS) 

Non-expressor 

NE1.59 66 46 20 0.99* 

NE1.35 65 52 13 0.867* 

NE1.08 82 67 15 1.97* 

Expressor 

E1.7 78 58 20 0.016* 

E3.39 56 36 20 3.43* 

E2.19 54 50 4 8.92 

*χ2 fits the 3:1 ratio. 

 
presence of Cry1Ac protein. 0.5 μg and 1.0 µg of total soluble protein were used for the 
analysis. It was observed that all progeny of the non-expressors showed absence of the 
Cry1Ac protein, while all the progeny of the expressors, except for two lines of E2.19, 
showed the presence of Cry1Ac protein.  

3.3. Analysis of Cry1Ac Protein Level by Quantitative ELISA in T1  
Progeny of Expressors 

To analyse the level of Cry1Ac protein in T1 progeny of expressor lines, quantitative 
ELISA using 0.5 μg and 1.0 μg of total soluble protein was carried out (Figure 2). It was 
observed that in case of E1.7, only one out of the twelve progeny analyzed, showed de-
tectable but very low level of Cry1Ac protein. This line was a low expressor (0.48 
ppb/µg) even in T0 generation, and the Cry1Ac locus seems to have been silenced in the 
T1 generation. However, all these lines rooted on kanamycin 100 mg/L (selection), in-
dicating their transgenic nature. For line E2.19, out of the twelve progeny lines ana-
lyzed, seven showed detectable levels of Cry1Ac protein, the expression levels ranging 
from 0.022 to 0.955 ppb/µg of total protein. The parent line had moderate expression 
levels of Cry1Ac of ~1.3 ppb/µg. In the case of line E3.39, the parental line was a high 
expressor of Cry1Ac (3.43 ppb/µg), all the progeny lines showed detectable levels of 
Cry1Ac expression, the expression levels ranged from 0.181 to 6.839 ppb/µg of total 
protein.  

3.4. Analysis of Presence/Absence of cry1Ac and nptII Gene Cassettes  
in T1 Progeny of Non-Expressor Lines 

Six T1 progeny of the non-expressor line 1.35 were analysed for the presence or absence 
of the transgene cassette by PCR. Primers designed from different regions of the cry1Ac 
(i.e promoter, 5’ and 3’ halves of the cry1Ac gene) and nptII gene cassettes (Table 1) 
were used to study the structural integrity of the transgenes. It was observed that all the 
cassettes were present and there was no aberration in the integrated cassette (Figure 3). 
This observation was different from a previous observation made in cotton [6], were a 
large number of transgenics were observed not to carry the cry1Ac gene while retaining  
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Figure 2. Levels of Cry1Ac protein as detected by Quantitative ELISA in the T1 progeny of different expressor lines. 

 

 
Figure 3. PCR amplifications with-cry1Ac gene (full length), 5’ end of 
cry1Ac (1 - 401 bp), 3’ end of cry1Ac (1381 - 1848 bp), 35S double enhancer 
promoter and nptII specific primers, on genomic DNA of 6 selected progeny 
lines of non-expressor NE1.35 viz. 1.35A, 1.35B, 1.35C, 1.39E, 1.35G and 
1.35L, along with untransformed tobacco as control. Lane 1 is 100 bp ladder 
(New England Biolab, USA). After an initial denaturation at 94˚C for 5 min-
utes, 30 cycles of denaturation at 94˚C for 30 s, annealing at temperatures 
according to Tm of primer pairs for 30 s and extension at 72˚C for 30 s was 
carried out. This was followed by a final extension for 7 min at 72˚C. 

 
the nptII gene.  

The amplified fragments of the 35S double enhancer promoter regions, as well as the 
cry1Ac gene cassette were sequenced for any possible mutations (small deletions) in the 
promoter or possible nonsense mutations in the coding frame, which could account for 
non-expression of the Cry1Ac protein in these lines. However, no such aberration or 
mutation was observed.  
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3.5. Analysis of Transcript Level by Semi-Quantitative RT-PCR 

Six T1 progeny each of an expressor line (E3.39) and a non-expressor line (NE1.35) 
were analysed for the presence or absence of the transcripts encoded by the transgenes, 
by RT-PCR (Figure 4). It was observed that all the analysed lines showed the presence 
of the nptII transcript. Progeny of the E3.39 line showed the presence of cry1Ac tran-
script. However, the T1 progeny of line NE1.35 mostly did not show the presence of 
cry1Ac, while all these lines showed appreciable levels of the nptII transcript. One of 
the lines (NE1.35B) showed amplification at the 5’ end, but none using the primers to-
wards the 3’ end. The observations were reproducible with biological replicates.  

4. Discussion 

One of the major impediments in developing insect resistant transgenics with cry1Ac 
gene is to obtain a line with high levels of Cry1Ac protein, without the phenotype of the 
transgenic line being adversely affected [6]. It has been hypothesised that due to these 
adverse effects there is an enrichment of transgenic events which either do not express 
or express extremely low levels of the Cry1Ac protein. Thus, a large proportion of the 
developed transgenic lines are observed to have silenced the cry1Ac gene. The present 
work, a continuation of a previous work from the laboratory [6], analyzes the status of 
the expression of cry1Ac gene in the T1 generation of transgenic tobacco plants and 
tries to identify the reason for the same.  

The present study showed that transcriptional silencing of the cry1Ac gene was the 
reason for absence of the protein in the non-expressors. The structural integrity of the 
gene was found to be intact in these non-expressor lines. The non-expressors were 
found to lack the transcripts. Interestingly, the selectable marker, NptII, which was a 
part of the same T-DNA fragment, was not silenced in these lines. Thus, this is an  
 

 
Figure 4. RT-PCR amplifications with-nptII, cry1Ac 3’ end (1 - 401 bp), cry1Ac 5’ end (1381 - 1848 bp) and ubiquitin-conjugate enzyme 
specific primers, on the cDNA of: (a) 6 selected progeny lines of non-expressor NE 1.35 viz. 1.35A, 1.35B, 1.35C, 1.39E, 1.35G and 1.35 L, 
along with untransformed tobacco and plasmid DNA as control, (b) 6 selected progeny lines of E3.39 viz. 3.39A, 3.39B, 3.39J, 3.39H, 3.39I 
and 3.39F, along with untransformed tobacco and plasmid DNA as control. After an initial denaturation at 94˚C for 5 minutes; 25, 30 and 
35 cycles respectively, of denaturation at 94˚C for 30 s; annealing at temperatures according to Tm of primer pairs for 30 s and extension 
at 72˚C for 30 s was carried out. This was followed by a final extension for 7 min at 72˚C. 
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example of transcriptional silencing of one specific gene in a transgene construct.  
Stability of transgene is a big challenge that plant biologists have to grapple with. The 

phenomenon of transgene silencing in higher plants is widely known. It is also known 
that gene silencing in plants is a way of warding off potential threat-much like the im-
mune response in animals. Transgenes that resemble cellular invaders are acted upon 
by the host defense system, and silenced [10]. There are two well-known mechanisms 
through which silencing takes place. The first is associated with de novo DNA methyla-
tion, while, the second is post-transcriptional silencing through RNA degradation [11]. 
Apart from the above two, there can also be mutations in the transgene that result in 
silencing. Truncation in the T-DNA integration is one of the most likely causes of 
transgene inactivity [12]. As far as the present study is concerned, no such truncations 
have been observed. Neither have we observed any point mutations, as analysed by de 
novo DNA sequencing. So, we could rule out this mechanism of silencing in the plants 
under study. 

The present study also showed that the silencing of the cry1Ac gene is heritable. The 
T1 progeny lines of the non-expressor lines, continued to not express the cry1Ac gene, 
while expressing the linked selectable marker, nptII. Further, the silencing of the 
cry1Ac gene seems to be at the transcriptional level. All these observations indicate an 
epigenetic silencing of Cry1Ac. As discussed earlier, transgene silencing is a defense 
mechanism for plants. A number of studies have shown that plants silence potentially 
hazardous genes, or genes that bring about stress to the plant, in order to ensure their 
healthy development. This kind of epigenetic silencing is also passed on across genera-
tions. What we observe in our study, could also be a similar case. Studies have shown 
that level of expression among plants transformed with the same construct can differ 
considerably, and in many cases this has nothing to do with copy number [13] [14]. 
Nonetheless, nothing has been discussed about such variation, as observed in our study, 
with regard to the expression of transgenes on the same T-DNA fragment. Though a lot 
has been discussed in literature about transgene silencing, the phenomenon of silencing 
of one of the transgenes on a single T-DNA fragment, has not been talked about. It 
would be interesting to delve deeper into this area. It is also a noteworthy observation, 
that the plants that had the cry1Ac gene silenced—were all healthy. This is in contrast 
to the plants that expressed high levels of Cry1Ac protein—most of these plants show 
phenotypic abnormalities. A study carried out by Barton et al. 1987 [3] demonstrated 
that expression of intact Cry1Ac protein in tobacco was lethal to the plant cells. The 
only plants that regenerated were the ones that either contained a truncated or an inac-
tive Cry1Ac protein. A similar observation was made by Rawat et al. 2011 [6], where it 
was seen that transgenic tobacco plants with no or low Cry1Ac levels would show no 
apparent abnormalities, while the ones that expressed high levels of Cry1Ac would ei-
ther not grow at all, or, show both vegetative and reproductive abnormalities. These 
observations further point that the selective silencing of the cry1Ac gene might have 
been the plant’s way to combat stress caused by the Cry1Ac toxin. It could also be ar-
gued that silencing can occur randomly. In this specific example the T-DNA contains 
two expression cassettes viz., cry1Ac and nptII. During transformation of tobacco with 
this construct, there could be events where both the cassettes are silenced and also those 
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where only one of them is silenced. During the process of transformation and selection, 
resistance to kanamycin (encoded by nptII gene) acts as a positive selection; thus all se-
lected transgenic events are expected to show the expression of nptII. On the other 
hand, presence of Cry1Ac protein adversely affects the growth of the transformants and 
thus leads to selection of events where the cry1Ac gene is silenced. Though this is an 
interesting observation, additional experiments need to be carried out, to understand 
the whole process of the selective silencing better. 
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Abstract 
Myo-inositol phosphates (phytates) are important biological molecules produced 
largely by plants to store phosphorus. Phytate is very abundant in many different 
soils making up a large portion of all soil phosphorus. This review assesses current 
phytase science from the perspective of its substrate, phytate, by examining the intri-
cate relationship between the phytate-hydrolyzing enzymes and phytate as their sub-
strate. Specifically, we examine available data on phytate’s structural features, distri-
bution in nature and functional roles. The role of phytases and their localization in 
soil and plant tissues are evaluated. We provide a summary of the current biotech-
nological advances in using industrial or recombinant phytases to improve plant 
growth and animal nutrition. The prospects of future discovery of novel phytases 
with improved biochemical properties and bioengineering of existing enzymes are 
also discussed. Two alternative but complementary directions to increase phospho-
rus bioavailability through the more efficient utilization of soil phytate are currently 
being developed. These approaches take advantage of microbial phytases secreted 
into rhizosphere either by phytase-producing microbes (biofertilizers) or by geneti-
cally engineered plants. More research on phytate metabolism in soils and plants is 
needed to promote environmentally friendly, more productive and sustainable agri-
culture. 
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1. Introduction 

Phosphorus is one of the key elements necessary for growth and development of all liv-
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ing organisms. It is essential for biogenesis of phospholipids in cell membranes, nucleic 
acids, ATP and plays an important role in many regulatory and metabolic processes [1] 
[2]. Phosphorus is also an important component of many soils, where it is often found 
in both organic and inorganic forms. Plants utilize mostly inorganic soil phosphates for 
growth and development, but phosphate concentration in many agricultural soils ra-
pidly declines as the demand for more agricultural products intensifies. Insufficient 
amounts of easily extractable inorganic phosphorus is one of the most critical factors 
limiting agricultural yields, a problem that is typically solved by widespread application 
of rock phosphate fertilizer. However, such approach is not sustainable long-term and 
will eventually lead to the depletion of world phosphorus reserves [3]. Indeed, some 
reports predict that rock phosphate deposits will be exhausted by the end of this cen-
tury [4]. In addition, application of rock phosphate is not very efficient, as up to 80% of 
all fertilizer is quickly modified, immobilized or transformed into insoluble organic 
phosphorus derivatives and thus, becomes unavailable to plants. Furthermore, the mas-
sive use of phosphate fertilizers has a substantial negative impact on the environment, 
as runoff from the fields pollutes natural water reservoirs, where it can destabilize eco-
systems through eutrophication and waterlogging.  

In addition to inorganic phosphates, a substantial fraction of total soil phosphorus is 
present in organic form [5] [6]. While the exact numbers may vary from one soil type 
to another, many authors estimate that various organic forms of phosphorus may con-
stitute 30% - 80% of the total soil P [7] [8]. In certain soil types, myo-inositol phosphate 
(phytate) is one of the major forms of organic soil phosphorus making up to 50% of all 
organic P in soil [8] [9] [10] [11]. For example, phytate concentration was shown to 
vary from 3.9% to 25.3% of total extractable P in carbonate-free Cambisol soils and 
calcareous czernosems, respectively [12]. Phytate is a relatively stable compound and is 
often found in precipitated forms and in immobilized aggregates. Such precipitates are 
difficult to solubilize due to phytate’s chelating activity and the formation of inaccessi-
ble complexes with metal cations, amino acids, peptides and various mineral soil com-
ponents [13]. The phytate-peptide complexes are at least partially resistant to proteo-
lytic degradation in gastrointestinal tract of non-ruminant animals [14], which prevents 
extraction of these valuable nutritional factors from plant seeds. Hence, phytate is often 
considered an anti-nutritional factor for animals. Undigested by animals, insoluble 
complexes formed by myo-inositol phosphate and other compounds are excreted and 
accumulate in soil and water, shifting their ecological balance.  

Although inositol phosphate can be viewed as a rich source of phosphorus in soil, 
plants are largely unable to utilize it from the rhizosphere due to the low phytate-   
hydrolyzing (phytase) activity in plant roots [15]. Phytases release inorganic phosphate 
from phytate to generate low-phosphorylated myo-inositols. Phytases are synthesized 
by many microorganisms, including various bacteria, fungi, micromycetes and other 
microbes often collectively called biofertilizers due to their ability to promote plant 
growth. Secreted microbial phytases hold a high potential for biotechnology due to 
their often higher specific activity towards phytate [16] [17] and can potentially be used 
to increase soil phosphorus availability for plant nutrition. In light of this, a promising 
approach in plant biotechnology is to generate transgenic plants engineered to secrete 
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microbial phytases into rhizosphere. In theory, this approach can provide substantial 
amounts of phosphorus for plant nutrition, which would in turn increase plant produc-
tivity and their nutritional value for animal consumption [18]. In addition, such genet-
ically modified plants could potentially help solve ecological problems by reducing 
phytate accumulation in soil and water [19] [20].  

Several excellent reviews on microbial phytases have recently been published and are 
highly recommended [5] [6] [19]-[25]. This review focuses on phytase science from the 
perspective of its substrate, phytate. Specifically, we evaluate the most recent data on 
phytate’s structure, distribution in nature and function, its role in plant nutrition. We 
further discuss promising environmentally friendly and cost effective strategies to in-
crease soil phosphorus bioavailability through the use of biofertilizers or generation of 
transgenic plants capable of secreting microbial phytases into rhizosphere. The advan-
tages and drawbacks of each approach, as well as the likely direction of future research, 
are also discussed. 

2. Structural Features of Inositol Phosphates 

Inositol phosphates were first identified in biological systems over 100 years ago [26] 
[27]. For a long time they remained the subject of intense scientific debates largely be-
cause of lack of clear understanding of their dimensional structures. Specifically, the 
exact three-dimensional model of inositol was unclear until studies using nuclear mag-
netic resonance and X-ray diffraction analysis demonstrated the vast structural diversi-
ty of different isoforms [28]. We now know that the exact conformation of inositol 
(cyclohexane-1,2,3,4,5,6-hexol) varies depending on bond location, leading to the for-
mation of multiple stereoisomers [1] [29]. Hydroxyl groups of stereoisomers are 
oriented either axially or equatorially, thus resulting in nine possible inositol conforma-
tions [29]. The names of all nine inositol stereoisomers are typically highlighted in ital-
ics. Myo-inositol with one axial and five equatorial hydroxyl groups has the most stable 
conformation (the “chair”) (Figure 1) [1] [30] [31] [32]. 

When hydroxyl groups in inositol ring are replaced by phosphate residues the mole-
cule becomes a phosphorylated alcohol-inositol phosphate. Depending on the number 
of phosphates, several different compounds can be formed-from inositol-monophos- 
phate to inositol-hexakisphosphates. For example, myo-inositol hexakisphosphate is 
the phosphate salt of myo-inositol, in which all six hydroxyl groups are substituted by 
phosphate residues (Figure 2). According to the official nomenclature, this compound 
is myo-inositol 1,2,3,4,5,6-hexakis (dihydrogen) phosphate, but often it is also called 
myo-inositol hexakisphosphate or simply phytate. The official abbreviation for this  
 

 
Figure 1. Myo-inositol “chair” conformation. 
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compound is InsP6 or IP6. While sometimes phytate is also called phytic acid, this ter-
minology is not generally applicable to other stereoisomers of phosphorylated inositol. 

Inositol phosphates are very strong natural poly-anion chelators of biologically im-
portant metal cations. Closely positioned phosphate groups in myo-inositol are able to 
form intramolecular links with metal cations Ca2+, Mg2+, Zn2+, Cu2+, Fe2+, Fe3+, Al3+ and 
Mn2+. A single phosphate group can also form more than one hydrogen bond with 
metal ions, creating stable chelating complexes (Figure 3) [23] [33] [34] [35]. The for-
mation of phytate-metal complexes depends on the cation ionic radius. Bivalent cations 
with a long ionic radius, such as Са2+ (0.99 Å) and Sr2+ (1.12 Ǻ), are associated with two 
adjacent phosphate groups of phytate molecule. In contrast, cations with a short ionic 
radius, such as Mg2+ (0.65 Ǻ), Fe2+ (0.74 Ǻ) and Zn2+ (0.71 Ǻ), can form hydrogen 
bonds with just one phosphate group of phytate [33]. In plant tissues and seeds phytate 
can form complexes with Zn2+, Fe2+, Са2+, Mg2+ and Co2+ with relatively high affinity, 
with Са2+-phytate complex being the most common. Interestingly, phytate complexes 
with bivalent cations are formed in both acid and alkaline conditions and are found in 
either dissolved or precipitated states [23]. Phytate may also form complexes with tri-
valent iron and aluminum cations in vivo [36] [37]. 

Negatively charged phosphate residues in phytate can also bind positively charged  
 

 
Figure 2. Myo-inositol 1,2,3,4,5,6-hexakisphosphate. 

 

 
Figure 3. Phytate complex with bivalent metal cations. 
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amino acid residues in peptides and native proteins leading to the formation of stable 
protein-phytate complexes. A trimeric protein-metal cation-phytate complex can also 
be formed both in acid and alkaline pH conditions [23] [38]. Overall stability of such 
complexes largely depends on pH, concentration and cation type.  

3. Phytate Distribution in Soil  

The most wide-spread phosphorylated inositols in soil are myo-, scyllo-, chiro- and 
neo-inositol phosphates, of which myo-inositol hexakisphosphate is the most common. 
The other three phosphorylated stereoisomers can be ranked from more to less abun-
dant in the order of scyllo > chiro > neo, but these are generally very rare in biological 
systems [39] [40]. Inositol phosphates with low phosphate group content (from mono-
phosphate to tetrakisphosphate) are also uncommon in soil. 

Inositol phosphates can undergo epimerization, when two stereoisomers (for exam-
ple, myo-inositol and scyllo-inositol) that differ by spatial location of only one chemical 
bond can turn into each other. Experiments with labeled carbon isotopes established 
that myo-inositol in certain soil conditions can be phosphorylated by soil microorgan-
isms to yield myo-inositol hexakisphosphate [39]. However, natural chemical synthesis 
of phosphorylated inositol stereoisomers in soil is thought to be rare, mainly because 
such chemical reactions require prolonged heating in strongly acid or alkaline condi-
tions. Instead, most soil inositol phosphates are assumed to be synthesized by living 
organisms, including plants and soil microbes. 

Indeed, myo-inositol hexakisphosphates are widely distributed in various plant tis-
sues (especially seeds), as well as in other eukaryotes. Scyllo-inositols mostly in mono-
phosphate form are found in aleurone layer of barley seeds. D-chiro-inositol hexakis-
phosphates are present in small quantities in pine needles and in leaves of flowering 
trees [39]. Other inositol phosphate stereoisomers have not yet been found in plants. 
Phytate appears to be the main storage form of phosphorus and inositol in plants. Phy-
tate makes up to 30% of all phosphorus fractions in roots, while its fraction increases up 
to 80% in seeds and cereal grains [21] [41] [42]. Phytate mostly accumulates at the last 
stages of plant life cycle and is returned to soil with seeds, where it is again made avail-
able to plants during germination via intrinsic phytases [43] [44]. Seed phytate can of-
ten be found in association with insoluble salts of potassium, magnesium and other 
metals and is stored in globular inclusions (globoids) of aleurone layer and in embryo 
vacuoles. For example, more than 80% of phytate in maize is present in embryo [45]. 
Typically, seed ripening and germination are accompanied by changes in pH, tempera-
ture, metal cation concentration that promote conversion of phytate complexes to a 
more soluble form [46]. 

4. Phytases as Biological Tools to Harvest Inorganic  
Phosphorus from Phytate 

The enzymes phytases belong to the general class of phosphatases (EC 3.1.3) and hy-
drolyze phytate to release inorganic phosphorus [47]. Phytases are classified into sever-
al families with important differences in structure, substrate specificity, pH-optimum 
and mechanism of hydrolysis. Some of the histidine acid phosphatases (HAPs) have 
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low pH-optimum and a broad substrate specificity, while most known alkaline β-pro- 
peller phytases (BPPs, mostly of bacillar origin) are specific only to phytate molecule 
and its complexes. Phytate-degrading enzymes are commonly found in oilseeds and 
nuts, legumes and in cereal pollen grains. Phytase activity is abundant in cereal seeds 
(rye, triticale, barley, wheat) and in pseudo-cereal fruits (amaranth, buckwheat). Le-
gumes and oilseeds have about 10 times lower phytase activity than grain seeds [48]. 
Phytases from plant seeds are often associated with membrane structures and are 
present in aleurone layer in cereals and in cotyledons in legumes, where large quantities 
of phytate are also found [48] [49]. Some stages of plant life cycle, such as seed germi-
nation, are characterized by increased level of phytase activity which is necessary to 
promote fast growth of seedlings [47]. Most purified and characterized plant phytases 
have acidic pH-optimum averaging around pH 5.0 and are stable up to 55˚C - 60˚C. 
For example, a maize phytase has maximum activity at 55˚C and pH 4.5, while a soy-
bean phytase GmPhy has pH-optimum at pH 4.5 - 5.0 and is stable up to 60˚C [49]. 

The few plant phytases that can be found in roots are characterized by low hydrolytic 
activity and are not secreted into rhizosphere. Phytase activity of Arabidopsis thaliana 
roots represents less than 0.8% of total root acid phosphomonoesterase (phosphatase) 
activity [15]. Furthermore, this phytase does not appear to be an extracellular enzyme. 
Therefore, A. thaliana and other plants are mostly unable to grow on phytate as the on-
ly source of phosphorus in the agar medium [15]. Similarly, experiments with wheat in 
laboratory conditions established that low phytase activity in plant roots is the main 
factor limiting wheat ability to obtain phosphorus from phytate [50]. 

While many soil bacteria and fungi are known to produce extracellular phytate-hy- 
drolyzing enzymes, not all of these enzymes have high catalytic activity. Soil micro- 
mycetes, yeast and members of Bacillus and Enterobacter genera produce some of the 
most active extracellular phytases known to date. Bacterial phytases from Bacillus and 
Enterobacter possess high specific activity, have pH-optimum in a broader range of pH 
3.5 to 7.5 and temperature optimum at 37˚C - 70˚C [19] [51]. Many alkaline bacillar 
phytases are characterized by narrow substrate specificity, which is restricted only to 
phosphomonoester bonds in phytate molecules [33]. In addition, many bacterial phy-
tases, such as histidine acid phytases from A. niger and E. coli and Bacillus β-propeller 
phytases, are resistant to proteolytic degradation by pepsin, papain, pancreatin and 
trypsin [52] [53] [54] [55]. All these features make bacterial phytases a very attractive 
option for animal feed additives.  

5. Microbial Phytases as Molecular Biofertilizers  

High agricultural productivity in the future will largely depend on the continued tech-
nological advances to reduce fertilizer application rates and the cost of food production. 
The use of bacterial phytases is thus envisioned as an effective means to improve plant 
growth and yield. While plants are unable to extract phosphorus from soil phytate,  
this limitation can potentially be overcome if plants are treated with certain phytate-    
degrading bacteria, sometimes also called biofertilizers. A substantial number of rhi-
zosphere bacterial species are now known to be beneficial for plant growth as they in-
crease availability of otherwise insoluble phosphorus-containing soil compounds. For 
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example, the availability of phytate-derived phosphates was improved when wheat 
seeds were pre-incubated with soil bacterium Pseudomonas sp. CCAR59 that is known 
to have extracellular phytase activity [50]. Other known bacterial biofertilizers include 
species of Azotobacter, Rhizobium, Pseudomonas, Azospirillum and Burkholderia [56]. 

Indeed, soil microorganisms are often viewed as an abundant source of biofertilizers 
[57]. Enterobacter strains selected from the rhizosphere of legumes have a positive ef-
fect on plant growth and phosphorus nutrition and are known to produce phytases 
[58]. Due to the presence of high phytase activity a strain of Pseudomonas sp. from 
Australian agricultural soils was able to release up to 80% of all phosphate from phy-
tate, thus positively affecting plant development [59]. A number of bacteria with phy-
tate-hydrolyzing activity that are able to improve plant phosphorus nutrition was iso-
lated from white lupine (Lupinus albus) rhizosphere in Japan [60]. Almost all of these 
strains were classified as representatives of Burkholderia family. In addition, some 
Pseudomonas, Enterobacter, and Pantoea isolates are also able to release inorganic 
phosphate from phytate [61]. Overall, it is now becoming increasingly clear that phy-
tase-producing soil bacteria (mostly belonging to gamma-proteobacteria) are wide-
spread in the rhizosphere of different plant species. 

In general, bacterial biofertilizers containing live microorganisms are widely used to 
improve crop yield in India, China, Iran and other countries. Specifically, the use of 
nodule bacteria, Azotobactor/Azosporillum and Phosphobacteria-based biofertilizers is 
relatively common [62]. Microbial biofertilizers are typically produced in liquid, powd-
er and granular formats [63]. Biofertilizers as a highly efficient alternative to chemical 
fertilizers are praised for their relative ease of application, non-toxic and eco-friendly 
nature, and cost effectiveness [64]. The positive effect of bacterial biofertilizer cells on 
plant physiology can generally be associated with increased availability of limiting nu-
trients, such as nitrogen, phosphorus, group B vitamins and amino acids. In addition, 
several other positive effects of biofertilizers on plant growth have generally been noted: 
suppression of diseases caused by plant pathogens (possibly through competition with 
pathogenic microorganisms for root colonization), microbial synthesis of plant growth 
regulators, and reduction of ethylene levels in root cells [65]. However, the more wide-
spread commercial use of bacterial biofertilizers is to some degree limited by our insuf-
ficient knowledge of the ecological, molecular and physiological impact of microbial 
communities on plant growth [66]. Nevertheless, the use of natural soil bioresources, 
including soil microorganisms, can serve as a promising alternative to the currently 
standard application of inorganic fertilizers. 

The latest scientific findings are consistent with the notion that microbial phytases 
play a fundamental role in soil phosphorus life cycle. Indeed, due to their potentially 
substantial agronomic and ecological value for plant growth during periods of long- 
term phosphorus deprivation, microbial phytases become an appealing target for in-
dustrial use [61]. For example, treatment of seeds with a fungal extracellular phytase 
promoted plant phosphorus nutrition in soils with high phytate content [67]. Similarly, 
enrichment of phosphate-limited soils with phytase-producing bacteria, such as Bacil-
lus mucilaginosus and B. amyloliquefaciens, was shown to improve growth of tobacco 
and corn, respectively [65] [68]. Finally, bacterial phytases also positively impact plant 
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nutrition by freeing up important soil microelements typically chelated by phytate. 
Thus, the use of biofertilizers in the form of either bacterial culture liquid purified mi-
crobial phytases or live phytase-producing bacterial strains can be viewed as an efficient 
and environmentally friendly approach to increase bioavailability of soil phosphorus 
and reduce the currently widespread use of inorganic phosphate fertilizers. 

6. Transgenic Plants as a Promising Alternative to  
Phosphate Fertilizers 

Several new biotechnological advances now make it possible to utilize phytate as an 
abundant source of phosphorus, especially for farm animals. Many phytases of bacterial 
or fungal origin are traditionally used as animal feed supplements to improve phos-
phorus balance in monogastric farm animals, such as pigs, chicken and fish. These in-
clude phytases from Aspergillus ficuum (niger) (sold as Natuphos), Aspergillus niger 
(All-zyme), Aspergillus awamori (Finase and Avizyme), Aspergillus oryzae (SP, TP, SF, 
AMA-FERM, and Phyzyme), and Peniophora lycii (Ronozyme, Roxazyme, and Bio- 
Feed phytase) [69]. Additional technologies include: pre-processing grains to activate 
endogenous phytases; mutations in phytate metabolism genes that decrease phytate 
synthesis rate in plant seeds; the use of genetically modified farm animals that produce 
phytases in saliva or genetic modification of plants to express microbial phytases [19]. 
The latter is a particularly promising approach as it can serve several purposes. Plants 
engineered to express phytase genes of microbial origin can secrete extracellular en-
zymes to rhizosphere where they can break down soil phytate, leading to improved ac-
cumulation of phosphorus in plants and increased biomass [23] [70]. In addition, 
transgenic plants expressing phytases in seeds are expected to have lower seed phytate 
content and thus represent a more nutritious feed for farm animals.  

In several recent studies transgenic plants have been established and evaluated for 
changes in organic and inorganic phosphorus accumulation in plant tissues and seeds. 
Histidine acid phytases from Aspergillus niger, A. ficuum, A. fumigates and from other 
fungi and yeast are widely used in these experiments as they are stable in a broad range 
of pH and temperature [20] [71]. Bacterial phytase genes, such as 168phyA from Bacil-
lus subtilis and appA from E. coli, have also been used successfully to generate trans-
genic plants [19] [72] [73] [74] [75]. In some laboratory experiments these genes have 
been successfully expressed in transgenic tobacco, soybeans, alfalfa, corn, wheat, sweet 
potato, canola and Arabidopsis thaliana, often indeed improving utilization of phytate 
as the source of phosphorus [15] [64] [76]-[84]. 

Biochemical properties of recombinant phytases expressed in plants usually differ 
very little from the enzymes expressed by their native hosts. Recombinant phytases are 
often less glycosylated and thus have lower molecular mass, but have otherwise similar 
enzyme activity, substrate specificity and thermal stability [19]. Transgenic soy roots 
expressing A. ficuum histidine acid phytase (аfрhyA) were shown to have 6 and 3.5 fold 
higher catalytic activity and inorganic phosphate content than wild-type control plants, 
respectively [82]. Transgenic A. thaliana plants growing on phytate as the only source 
of phosphorus showed improved growth associated with overexpression of A. niger 
histidine acid phytase gene phyA in roots [79]. Expression of A. niger phytase fused 
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with carrot extensin signal peptide in A. thaliana resulted in recombinant phytase se-
cretion into rhizosphere and 20-fold increase in rhizosphere phytase activity [15]. He-
terologous expression of A. niger phytase in wheat decreased myo-inositol hexakis-
phosphate content in seeds by 86% and had a positive effect on transgenic wheat nutri-
tional properties [78].  

Despite the long history of using fungal phytases for transgenic plant research, soil 
bacteria of the genus Bacillus recently emerged as a potentially better source of recom-
binant phytases. This bacterial genus is characterized by the presence of unique β-pro- 
peller phytases that have several key advantages over their fungal counterparts. Bacillar 
alkaline phytases exhibit narrow substrate preference specific only to phytate, have a 
remarkably high phytate-hydrolyzing activity at physiological pH values, and are also 
resistant to both high temperature and proteolytic degradation. Thus, perhaps not sur-
prisingly, more encouraging results in transgenic plant research were recently obtained 
using bacillar phytases. For instance, transgenic tobacco plants expressing phytase 
168phyA from B. subtilis showed increased biomass (up to 2-fold) and higher number 
of flowers and fruits compared to the wild type when grown on phytate as the only 
source of phosphorus [72]. Similarly, expression of B. subtilis 168PhyA phytase in Ara-
bidopsis thaliana led to a higher shoot dry weight and an increase in phosphorus con-
tent by 100% compared to the wild type [75]. 

Despite these encouraging results in laboratory conditions, the situation in actual 
soils may nevertheless turn out to be less promising. In fact, to date there is limited 
evidence that such transgenic plants are indeed characterized by improved P acquisi-
tion and plant growth in natural soils. One clear example of improved P acquisition 
from natural agricultural soils was the transgenic expression of phytase and APase 
genes in alfalfa using a root-specific promoter, though the effect appeared to vary with 
the type of soil tested [85]. On the other hand, most published reports up to date sup-
port the notion that the situation in real soils may be very different from exciting re-
sults obtained in laboratory media. For example, experiments with transgenic Trifolium 
subterraneum expressing phytase phyA established that improved P uptake and in-
creased plant growth previously observed in agar was compromised when the same 
plants were grown in real soil [86]. Furthermore, transgenic tobacco plants expressing a 
fungal phytase gene did not show improved P acquisition when grown in P-deficient 
soils [87]. Similarly, expression of B. subtilis phytase transgene in tobacco resulted in 
improved phosphorus uptake from phytate only in sterile laboratory conditions but not 
in real soil [88]. In another report, while constitutive overexpression of AtPAP15 gene 
in soybeans did result in higher yield, this phenotype was mainly achieved by increased 
internal P use efficiency rather than by enhanced soil P acquisition [89]. Taken togeth-
er, these data clearly suggest that effectiveness of plants expressing transgenic phytases 
might be limited. One potential explanation is that biochemical properties of recombi-
nant phytases, such as stability or optimum pH, could be substantially modified be-
cause of local soil conditions. Indeed, microbial community in the rhizosphere may not 
support physiological and nutrient changes introduced by plants with transgenic phy-
tases [90]. This apparent failure of genetically engineered plants secreting bacterial 
phytases to demonstrate improved growth in real soil conditions may also stem from 
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the fact that secreted phytases quickly lose activity in soil possibly due to adsorption of 
the enzymes (though this process appears slower in the rhizosphere) [87]. This rapid 
enzyme immobilization may thus quickly limit phytase capacity to interact with phytate 
in soil and undermine all previously envisioned advantages of such transgenic approach 
to improving plant phosphorus metabolism.  

Nevertheless, with necessary future improvements in phytase choice and growth 
conditions the use of transgenic plants expressing microbial phytase genes may still be a 
substantial step towards solving the problem of utilizing soil phytate as the source of 
phosphorus. As more inorganic soil phosphorus can enter the plants expressing micro-
bial phytases, such plants are expected to have improved nutritional properties for an-
imal or human consumption. Furthermore, transgenic plants expressing microbial 
phytases are expected to have reduced requirement for external supply of rock phos-
phate or treatment by biofertilizers, leading to the overall reduction in the price of final 
agricultural products [72]. Finally, degradation of soil phytate by recombinant phytases 
could also decrease the extent of soil and ground water pollution caused by organic 
phosphorus compounds.  

7. Towards Future Strategies to Improve Plant Phosphorus  
Metabolism 

To feed the ever-growing world population, modern agriculture will continue to rely on 
improvements in biotechnology. Two alternative but often overlapping strategies that 
rely on the use of bacterial phytases should be considered as potentially viable options. 
Bacterial phytases can either be genetically introduced into crops or supplied to soil as 
purified enzymes or through application of microbial biofertilizers. In comparison to 
their eukaryotic counterparts, bacterial phytases are often cheaper to manufacture and 
easier to express in plants using modern molecular and genetic tools. In addition, bac-
terial biofertilizers are often easy to cultivate in large volumes and subsequently use to 
treat plant roots or seeds. When searching for the best way to take advantage of micro-
bial phytases, several factors should first be carefully considered. The first aspect is the 
need to identify, either bioinformatically or through careful microbiological and bio-
chemical screening of soil microorganisms, producers of highly active and thermo-sta- 
ble phytases of microbial origin. Towards this goal, our group has recently sampled a 
number of soils from various ecological habitats (forest, private homesteads, large 
agricultural complexes and urban landscape) and identified a Pantoea sp. 3.5.1 strain 
producing a novel glucose-1-phosphatase dubbed AgpP with high phytase activity and 
unusual activation by metal ions [91]. This novel enzyme, while similar in some aspects 
to several previously characterized fungal phytases, is unique in having a set of bio-
chemical advantages over the well-established industrial enzymes. Specifically, the 
Pantoea sp. 3.5.1 AgpP phytase has pH optimum in the acidic range, suggesting that 
similar to other phytases, AgpP could function in the upper part of the digestive tract of 
poultry [92] [93]. However, unlike many fungal phytases, this novel enzyme is most ac-
tive at 37˚C, much closer to the typical body temperature (37˚C - 42˚C) of most warm- 
blooded animals [94], thus giving researchers another option in the available arsenal of 
bacterial enzymes. Finally, in contrast to most other known phytases, activity of AgpP 
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phytase is stimulated by some metal ions, a desirable feature for an enzyme that breaks 
down phytate-metal ion complexes [91]. The identification of this and other phytases 
with improved or more desirable biochemical characteristics can lead to the develop-
ment of better industrial phosphatases with regulated enzyme activity. 

Second, if a bacterial phytase is chosen for the purpose of generating transgenic 
plants, one important factor to consider is the choice of efficient expression system in 
plants. Often transgenic phytases need to be delivered into rhizosphere to help promote 
degradation of soil phytate and increase soil phosphorus bioavailability. In this case the 
phytase transgene is often fused with a root-specific promoter and a signal peptide, 
such as carrot extensin, for efficient enzyme translocation over the membrane [19] [51]. 
Finally, if the purpose of generating transgenic plants is to reduce phytate content in 
seeds or other plant tissues, it is often necessary to knock out genes of inositol phos-
phate biosynthesis pathway [95] or to engineer plants expressing recombinant microbi-
al phytase under the control of constitutive 35S promoter or seed-specific promoters 
[19] [72] [73] [75]-[80] [83] [84] [96] [97]. Such genetic manipulations are expected to 
result in improvements in feed nutritional quality, especially for animals with single 
chamber stomachs (pigs, chicken, fish, etc.), which are unable to extract phosphorus 
from phytate.  

Overall, the development of transgenic plants expressing recombinant phytases 
(perhaps, induced by phosphate starvation) is often viewed as a promising route to 
solving problems of soil phosphorus availability and increasing the efficiency of phos-
phate nutrition in plants [24]. However, potentially encouraging breakthroughs in this 
area are often limited or stymied due to mistrust of consumers, prohibitive legislation 
in many countries, as well as still substantial technological limitations. Thus, any future 
efforts to capitalize on recent scientific discoveries and achievements in generating 
promising transgenic organisms will need to go hand-in-hand with overall policy 
change and careful consideration of public concerns towards new biotechnologies. 

As an alternative to transgenic plants, phytase-producing microorganisms (bioferti-
lizers) can serve as an efficient path to improving soil phosphorus availability to plants 
[69] [98]. Richardson emphasized two ways by how soil microorganisms can contribute 
to phosphorus bioavailability in plants: directly through expression of soil phytate-  
hydrolyzing enzymes [99]; and through the production of other organic compounds 
that solubilize or modify phytate thus making it more accessible to other organisms. 
Secretion of organic acids by rhizosphere bacteria is an especially important characte-
ristic of sustainable phosphorus management in the soil as some evidence suggests that 
roots of agroforestry species are unable to secrete such acidic compounds [100]. The 
most common compounds secreted by microorganisms that contribute to organic 
phosphorus mobilization in soil are organic acids, such as malate, citrate and oxalate 
[101] [102]. In addition to organic acids, bacteria can produce indole acetic acid (IAA), 
siderophores, vitamins, amino acids, ammonia and cyanide. Furthermore, microorgan-
isms provided in the context of biofertilizers can compete with other microbes for co-
lonization of plant roots, reduce ethylene production and suppress diseases caused by 
pathogenic bacteria and fungi [56]. 

While biofertilizers clearly represent a promising route for modern agriculture, many 
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obstacles still exist to their successful application in the field. Despite the well-docu- 
mented positive effects of bacterial biofertilizers on plant growth in some settings, a 
giant gap needs to be bridged between these successful greenhouse experiments and 
field studies, where many biofertilizers often fail to substantially improve plant growth 
[103] [104]. This discrepancy may be due to several factors, such as unfavorable inte-
raction with other rhizosphere organisms, adverse physical and chemical soil properties 
(e.g., low pH), poor ability of strains to colonize plant roots and other environmental 
factors, such as high ambient temperature and low rainfall during the growing season. 
Many of these factors can negatively affect the outcome of biofertilizer application. One 
possible strategy to overcome these limitations is the use of microorganisms adapted to 
the particular climatic conditions of agricultural region [105]. 

8. Conclusion 

In the last few decades our reliance on non-renewable rock phosphate fertilizers has 
become a major limiting factor affecting environmental, political, and economic aspects 
of modern agriculture. To sustain current and future agricultural needs, several novel 
approaches to phosphorus management in the field have been proposed, including the 
use of biofertilizers and genetically engineered plants. A particularly useful synergistic 
effect could potentially be achieved by the combined use of genetically-modified plants 
secreting efficient bacterial phytases into rhizosphere and simultaneous application of 
biofertilizers that contain microorganisms adapted for local environmental conditions. 
While the ultimate goal of many researchers is to create the best conditions for efficient 
phosphorus nutrition, increased biomass and yield, more studies are clearly necessary 
to chart the best strategies and to develop advanced biotechnologies that rely on micro-
bial or plant-produced phytases. Overall, better mechanistic understanding of the rela-
tionship between phytase properties, phytate availability and roles in plant physiology 
will be required to improve plant nutrition.  
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Abstract 
This study investigated the characterisation of Fusarium verticillioides strains using 
Amplified Fragments Length Polymorphism (AFLP) EcoR1-G/ Mse1-C primer com-
bination. This was done to determine the amount of genetic variability present in F. 
verticillioides population. The objective of this study is to carry out molecular cha-
racterization of F. verticillioides strains from infected ear of maize. Six isolates were 
obtained in maize ear from 10 locations in three agro-ecological zones of Southwest 
Nigeria. Polymorphic bands detected were 164 from one base extension of EcoR1 
and Mse1 primers in the selective amplification. Primer combination EC + MC pro-
duced the highest polymorphic bands of 58, while primer combination ET + MC had 
the highest percentage polymorphism (100%). Genetic similarity (67%) was observed 
among strains from Ibadan (IBD) (34, 36), Igbooho (IGH) (39), Ado-Ekiti (EKT) 
(46, 47), Saki (SAK) (52) and Igboora (IGB) (57, 58, 59 and 60). Strains 19 and 20 
from Ilesha (ILH) had the highest pairwise similarity coefficient at 97% grouped in 
cluster II. The dendrogram delineated F. verticillioides strains into four major cluster 
groups with 77% similarity and other sub-groups within. Fusarium verticillioides 
strains could therefore be heterogeneous, and thus amplified fragment length poly-
morphism is an ideal tool for distinguishing the pathogenic variants of Fusarium 
verticillioides. 
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1. Introduction 

Maize is one of the staple foods for most of the population especially in areas adaptable 
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for their production [1]. It is a major cereal crop for livestock feed and human nutrition 
[2] [3] [4] [5]. Though, its production in Nigeria is constrained by biotic factors such as 
pests and diseases [2]. 

Fusarium verticillioides (Sacc.) is a maize pathogen causing root, stalk and ear rots in 
Nigeria [6] [7]. It is found in plant residue in almost every maize field at harvest which 
its symptoms vary widely and range from asymptomatic plants to severe rotting of all 
plant parts [8]. Symptomless infection exists in maize leaves, stems, roots and grains 
whereby its presence is ignored in many cases because it does not cause visible damage 
to the plant [9]. This suggests that some strains of F. verticillioides produce disease in 
maize while others do not [10]. 

The knowledge of variability in pathogen is required by host resistance to de-    
velop effective disease management strategies [11]. Conventional markers used to  
study the variability in pathogens are based on the use of differential hosts, culture 
characteristics, morphological markers and biochemical tests [12] [13]. These markers 
distinguished pathogens on the basis of the physiological characters such as pathoge-
nicity and growth behaviours which are highly influenced by the host age, inoculum 
quality and environmental condition. The use of molecular markers is therefore neces-
sary. 

The genetic characterisation of Fusarium species using several molecular techniques 
has been adopted; they are RAPD (Random Amplified Polymorphic DNA), PCR-  
RFLP (Polymerase Chain Reaction-Restriction Fragment Length Polymorphism), AFLP 
(Amplified Fragment Length Polymorphism) [14]. The application of AFLP in DNA 
fingerprinting of microbes particularly fungi had been reported [15] [16]. This tech-
nique provides a high degree of flexibility due to different restriction enzymes, the na-
ture and number of selective nucleotides that can be manipulated to limit amplification 
fragments generated in order to account for differences in genome size. 

This study aimed to assess the genetic relatedness of F. verticillioides from maize in 
three agro-ecological zones of Southwest Nigeria. 

2. Materials and Methods 
2.1. Collection of Diseased Maize Samples 

Six maize ear showing rot symptoms were randomly obtained from Derived Savanna 
(Ilora, Ijebu-Ode, Igboora and Eruwa), Rainforest (Ado-Ekiti, Akure, Ilesa and Ibadan) 
and Guinea Savanna (Saki, Igboho) of Southwest Nigeria between May to July, 2013.  

2.2. Isolation of Fusarium verticillioides 

Some infected and healthy grains obtained from the sampled maize ear were washed 
under running water, surface sterilized for one minute in 10% sodium hypochlorite so-
lution, and then rinsed in three changes of sterile water, followed by drying with sterile 
paper towel. These were then placed on solidified potato dextrose agar in petri-dishes 
and incubated at room temperature (28˚C ± 2˚C) for 7 days. Observation was made 
daily on mycelial growth. Pure cultures were obtained by subculturing onto fresh 
plates. 
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2.3. Morphological Characteristic of Fusarium verticillioides 

Morphological identification according to [17] and [18] was carried out at the patholo-
gy unit of International Institute of Tropical Agriculture (IITA) Ibadan. Morphological 
identification of F. verticillioides involved observable characters on the cultured plates 
(rate of growth, pigment production, presence or absence of mycelium and mycelium 
colour), while the microscopic identification involved distinctive structures and cha-
racters (phialides, chlamydospores, microconidia and macroconidia). 

2.4. Extraction of Genomic DNA of Fusarium verticillioides 

Genomic DNA was extracted using a DNeasy tissue kit according to the manufacturer’s 
instruction. DNA was eluted in 200 µl of elution buffer (buffer AE of the kit) and stored 
at −20˚C. DNA yield were measured using Nanodrop spectrophotometer, while the 
quality was assessed by agarose gel electrophoresis, restriction enzyme digestion and 
AFLP analyses using the procedure described by [19].  

2.5. Restriction and Ligation of Adapters 

Two restriction endonucleases, EcoRI and Mse1 were used to digest 100 ng of genomic 
DNA in 10 µL reaction, which was incubated for 37˚C for 3 hours and inactivated at 
70˚C for 15 minutes. Digested and undigested DNA were separated on 1% agarose gels 
in TBE buffer. The ligation reaction volume of 10 µl was prepared to contain of 5 U of 
T4 DNA ligase, ligase buffer 100× BSA, 5 µM EcoRI (Forward and reverse) and 50 µM 
MseI (forward and reverse). After combining 10 µL of ligation mix with the digested 
DNA fragment, ligation was allowed to proceed for 5 hours at 37˚C. The adapter-li- 
gated DNA (20 µL) was diluted 1:5 with autoclaved water to serve as template in the 
pre-selective PCR and was stored at −20˚C. 

2.6. Pre Selective and Selective PCRs 

The description of the adapters for pre-amplification and selective amplification primer 
sequence used in this study is shown in Table 1. Pre-selective amplification of the di-
lute template DNA was carried out with AFLP primer combinations (5 µM Pre EcoRI 
and 50 µM Pre MseI) without selective nucleotides and twenty microliter PCR reactions 
containing 8.0 µl of dilute template DNA, 2.0 µl of PreEcoRI (5 UM), 0.2 µl of PreMseI 
(5 UM) primer, 5 µ/Ul of Taq DNA polymerase, 2 µl of 10× Taq DNA polymerase buf-
fer, 0.6 µl of 10 mM DNTPs and 0.6 µl of 50 mM of Mg2 were performed. Pre-ampli- 
fication reactions were performed for 20 cycles of: 30 s at 94˚C, 30 s at 94˚C, 56˚C at 30 
s and 1 min at 72˚C. Following pre-amplification, the reactions were diluted 10 folds 
with autoclaved water and used as template for selective amplification. Selective ampli-
fication were performed using three (3) selected combination of primers with one se-
lective nucleotides (EcoRI + T, EcoRI + G, EcoRI + C) and one MseI primers (MseI + 
C). The reactions were carried out in volumes of 20 µl of PCR buffer containing 6 µl of 
dilute preamplified template DNA, 0.2 µl of 10 ng EcoRI, 0.7 µl of 10 ng MseI, 0.3 µl of 
10 mM dntps, 2 µl of reaction buffer and 0.3 µl of 50 nM. The program ran for 11 cycles 
at 94˚C for 30 s, 94˚C for 30 s, 72˚C for 60 s, 94˚C for 30 s, 56˚C for 30 s and 72˚C for 
60 s. 7 µl of formaldehyde dye was added to 20 µl of each sample and the samples were  
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Table 1. Description of the primers used for amplified fragment length polymorphism. 

Primers and their functions Sequences (5’-3’) 

EcoRI-Adapters 1 and 2 
E A 1.1 
E A 1.2 

MseI-Adapters 1 and 2 
M A 1.1 
M A 1.2 

Preamplification 
Pre EcoRI (+0) 
Pre MseI (+C) 

Selective amplification 
EcoRI +C 
EcoRI +T 
EcoRI +G 
MseI +C 

 
CTCGTAGACTGCGTACC 
ATTGGTACGCAGTCTAC 

 
GACGATGAGTCCTGAG 

TACTCAGGACTCAT 

 
GTAGACTGCGTACCAATTC 
ACGATGAGTCCTGAGTAAC 

 
AGACTGCGTACCAATTCC 
AGACTGCGTACCAATTCT 
AGACTGCGTACCAATTCG 
GATGAGTCCTGAGTAAC 

Source: [16]. 

 
denatured for 5 minutes at 95˚C. Each sample was loaded on a 6% polyacrylamide gel 
containing 400 µl ammonium persulphate (APS). Gels were cast using long and short 
plates with 0.25 mm thick spacers and comb. The long plates were treated with sigma-
cote, while the short plates were treated with a binding solution. Electrophoresis was 
performed at a constant power 60 W and a constant temperature of 47.5˚C for 3 h. 
Amplicons were revealed with silver nitrate stain. 

2.7. Data Analysis  

For each primer combination, all bands were manually recorded for presence (1) or 
absence (0) of each band in AFLP analysis. Bands of different electrophoretic mobility 
were assumed to be non-allelic, while bands of the same mobility were assumed to be 
allelic. A dendrogram was constructed from the similarity matrix using unweighted 
pair group method with arithmetic average (UPGMA) described by Sneath and Sokal 
(1973). Cluster analysis was performed using NTSYSpc (NTSYS-For Numerical Tax-
onomy System) version 2.1 [20]. 

3. Results 

A total number of 164 bands were produced from three primer combinations out of 
which 135 were polymorphic, and correspond to an average of 45 polymorphic bands 
per primer combination (Table 2). Most of the bands were polymorphic, while few 
were monomorphic. The maximum number of bands generated by EC + MC combina-
tion was 61 bands while the minimum obtained with EG + MC primer combination 
was 50 bands (Figure 1). The polymorphic information content (PIC) for each marker 
varied between 0.7734 and 0.8249, EG + MC and ET + MC primer combinations had 
the maximum with the same PIC values, while ET + MC primer combination had the 
lowest PIC value (Table 2).   

The Fusarium verticillioides strains were grouped into five (5) clusters from three (3) 
Agro-ecological zones. The cluster three (3) had the highest number of F. verticillioides 
strains from Ilora (2, 3, 4, 5, 6), Ilesha (21), Akure (26, 27, 29), Ibadan (31, 32), Igbooho  
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Table 2. Characterisation of the Amplified Fragment Length Polymorphism (AFLP) primers 
based on Polymorphic Information Content (PIC). 

Primer combination NPB TNB PPB PIC AN 

EG + MC 
ET + MC 
EC+MC 

40 
45 
50 

50 
53 
61 

80.0 
84.9 
82.0 

0.8249 
0.7734 
0.8249 

59 
58 
59 

Total 
Mean 

135 
45 

164 
54.7 

246.9 
82.3 

2.4232 
0.8077 

176 
58.7 

NPB: Number of Polymorphic Bands, TNB: Total Number of Bands, PPB: Percentage Polymorphic Bands, AN: Al-
lele Number. 

 

 
Figure 1. Amplified Fragment Length Polymorphism (AFLP) Products from Fusarium verticil-
lioides strains using EcoRI-G/MseI-C Primer Combination. 
 
(38, 41, 42), Ado-Ekiti (43, 44, 45) and Saki (53), while cluster I recorded the least 
number of F. verticillioides strains (Table 3). 
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The genetic relationships of F. verticillioides strains were also represented in the 
dendrogram (Figure 2). The coefficient of similarity ranged from 0.67 to 0.97. There 
were five main clusters constituting all samples with similarity coefficient of 0.72. 
Group 1 had two subgroups consisting of six strains; 1 (ILR), 10 (ERW), 49 (SAK), 25 
(AKR), 33 (IBD) and 24 (ILH). 24 (ILH) had the highest genetic distance within the 
group. The group II in the dendrogram had 2 sub-groups of 10 F. verticillioides strains 
of which the highest occurrence were from Eruwa (ERW), though, strains 17 (IJB) was 
the most distanced within the group. Group I and II had coefficient similarity at 0.87, 
while Group III with 5 sub-groups had the highest number of strains. Strains 2 and 3 
(ERW) formed coefficient similarity with strains 4 and 5 (ERW) at 0.876, while strains 
6 (ERW) and 29 (AKR) were the most distanced within the group. The fourth group 
had 5 subgroups containing 16 isolates in which strain 54 from SAK was the most dis-
tanced within the group. Strains from IBD (34, 36), IGH (39), EKT (46, 47), SAK (52) 
and IGB (57, 58, 59, and 60) were distinctly separated from other strains at 0.67 simi-
larities. The closest strains are 19 and 20 in cluster II from ILH, with the highest pair-
wise similarity coefficient of 0.97 (Figure 2). 

4. Discussion 

Understanding the diversity of pathogens is necessary to predict the control measures, 
which include; the use of resistant cultivar, fungicides application or the use of biologi-
cal agents [21]-[26]. The detected 164 AFLP bands in which 135 were polymorphic 
(82% polymorphic rate) indicates high genetic diversity in accordance with the findings 
of [27] and [28] who reported genetic similarity between and among the isolates. Ge-
netic similarity between the isolates which ranged from 0.67 to 0.97 for similar coeffi-
cient index is an indication of genetic variation as similarly reported by [29]. 

It was shown that polymorphism was present in the PCR products from the F. verti-
cillioides strains with the AFLP primers used in characterization. There was no associa-
tion between AFLP patterns and agro-ecological origin of the tested strains, again, the  
 
Table 3. Cluster groups of Fusarium verticillioides strains from the three agro-ecological zones. 

Cluster group Total number of strains Strain codes 

I 6 
1, 10, 49,  
25, 33, 24 

II 10 
11, 12, 13, 14,  

15, 16, 18, 19, 20, 17 

III 18 
2, 3, 4, 5, 21, 26,  
27, 31, 32, 41, 42,  

43, 44, 45, 38, 53, 6, 29 

IV 16 
37, 40, 48, 22,  

23, 28, 30, 35, 50,  
51, 55, 56, 7, 8, 9, 54 

V 10 

34 
36, 39 

46, 47, 52 
57, 58, 59, 60 
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Figure 2. Dendrogram showing Fusarium verticillioides strains using three (3) AFLP Primer Combination. Samples: 1-6 (Eruwa), 7-12 
(Akure), 13-18 (Ibadan), 19-24 (Ilesa), 25-30 (Igbooho), 31-36 (Saki), 37-42 (Ekiti), 43-48 (Igboora), 49-54 (Ijebu), 55-60 (Ilora). 

 
biology and epidemiology of this pathogen may provide some insight as to during fa-
vourable condition. F. verticillioides causes many diseases such as root, stalk and ear 
rots, which is responsible for the decrease in nutritive value, loss in germination, disco-
loration, increase in fatty acid and secretion of mycotoxins which results in losses of 
maize production [30] [31] [32] [33] [34].  

The dendrogram based on the genetic similarity coefficient established the interrela-
tionship among the isolates from different locations in the three agroecological zones. 
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The clustering pattern of the isolates, irrespective of the source implies that the genetic 
distance is not correlated with the agro-ecological distance as similarly reported by 
[35]. The genetic similarity obtained through AFLP analysis showed level of genetic 
variation among the strains. The strains do not depicts close relatedness with each oth-
er, and strains from different location showed a common clad which supports that mi-
gration event are common in the population of F. verticillioides as similarly observation 
was reported by [36]. 

Random mating population displays a high degree of genotypic diversity due to dif-
ficulties in the management of disease as a result of constant appearance of new strains 
which increase the variability features like fungicides resistance, higher aggressiveness 
and better fitness in the population [28]. Other factors that could be responsible for in-
crease in genetic diversity are mutation, translocation, chromosomal deletion are 
common in fungi as well as difference in climatic condition where the isolates were 
collected [28] [37]. 

5. Conclusion 

In conclusion, molecular characterisation of Fusarium verticillioides was investigated to 
give the genetic variability. Amplified fragment length polymorphism markers should 
be encouraged in studying the genetic variation in natural population of F. verticil-
lioides which can help pathologists to detect the pathogenic potential of this pathogen 
as well as helping to develop an effective control strategy. 
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Abstract 
In the flavonoid biosynthesis pathway, Chalcone synthase (CHS) is involved in the 
formation of the pigment and has been shown to be a rate-limiting enzyme for the 
synthesis of flavonoids. In this study, a PCR approach was used to clone a Chalcone 
synthases cDNA from flower of sweet osmanthus “Chenghong Dangui” and it was 
designated as OfCHS (O. fragrans, CHS). The cDNA was 1383 bp long and a coding 
sequence (CDS) of 1173 bp encoding a polypeptide of 391 amino acids with an esti-
mated molecular mass of 39.9 kDa. The theoretical isoelectric point was 6.23. Phylo-
genetic analysis demonstrated that OfCHS clustered with Olea europaea, Solenoste-
mon scutellarioides, Perilla frutescens, Antirrhinum majus and Digitalis lanata. We 
also detected the expression of OfCHS in different tissues in “Dangui” and in two 
cultivars with varied coloration, “Zi Yingui” and “Chenghong Dangui” at different 
floral stages using quantitative real-time PCR. We observed that OfCHS transcript 
was higher in leaves than in petals in “Dangui”. The transcripts of OfCHS in “Zi 
Yingui” petals were higher than those in “Dangui” at three stages especially at xia-
nyan stage and there was no significant difference between the two cultivars in the 
full flowering stage. “Chenghong Dangui” has a relatively high anthocyanin content 
compared to “Zi Yingui”. The relative amount of anthocyanin of “Chenghong 
Dangui” initially increases, and then decreases during the bloom period. However, 
the expression of CHS is the highest at the initial flowering stage. These data suggest 
that the OfCHS does not play a key role in the accumulation of total flavonoid in this 
cultivar. These data could contribute to explain the different accumulation of flavo-
noids in petals of the two cultivars. 
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affects the ornamental value and economic value; creating with novelty colors has been 
the pursuit of plant breeders. 

The flavonoids, a class of secondary plant metabolites, played the most important 
role in flower coloration of many flowering plants, increased and reduced anthocyanin 
content of petals and pericarp which are likely to make the color change [1] [2]. In 
plants, flavonoids are synthesized via the phenylpropanoid and polyketide pathway, 
which starts with the condensation of one molecule of CoA-ester of cinnamic acid or 
derivatives such as coumaric or ferulic acid, and three molecules of malonyl-CoA, 
yielding a naringen in chalcone as major product. A number of enzymes are involved in 
the flavonoids biosynthesis; genes encoding these enzymes have been isolated from 
many plants [3]. Chalcone synthases (CHSs), the most well known representatives of 
this family, provide the starting materials for a diverse set of metabolites (flavonoids) 
which have different and important roles in providing floral pigments, auxin protection 
and transport and stress resistance [4] [5] [6] [7].  

Sweet osmanthus (Osmanthus fragrans) is one of the important ornamental plants in 
the Oleaceae family. Owing to their pleasant scent, and potential medicinal value, Os-
manthus fragrans is widely distributed in China, Japan, Thailand, and India, and was 
introduced in Europe late in the 18th century [8]. So far, there are a total of 166 culti-
vars that have been identified and divided into four groups based on traditional, mor-
phological and agronomic traits (e.g., flower color): O. fragrans Asiaticus Group, O. 
fragrans Albus Group, O. fragrans Luteus Group, and O. fragrans Aurantiacus Group 
[9]. 

Interestingly, flower color varies among the four groups and even at different stages 
of blossom development. The flower color in the Aurantiacus Group is mainly orange 
or orange-red, while in other three groups is ivory or yellow. Previous studies have 
shown that the major flower pigment compounds are flavonoids and carotenoids in 
sweet osmanthus [10]. However, there have been only few molecular studies of the an-
thocyanin biosynthesis pathway in sweet osmanthus. In this study, we cloned CHS 
cDNA from O. fragrans and analyzed CHS expression pattern of OfCHS in flowers and 
other tissues. We also detected the different expression of CHSin petals of Yingui and 
Dangui in different floral stages. These results provided basic information to study the 
function of OfCHS in O. fragrans flavonoids biosynthesis and metabolism. 

2. Material and Methods 
2.1. Plant Materials 

Two varieties of O. fragrans, “Zi Yingui” and “Chenghong Dangui” used in this study 
were grew on the South campus of Shandong Agricultural University. Flowers from 
xianyan flowering stage (S1), initial flowering stage (S2) and full flowering stage (S3) 
[11] and mature leaves (L) were collected from sweet osmanthus trees, immediately 
frozen in liquid nitrogen and stored at −80˚C untilfurther used. 

2.2. Isolation and Sequence Analysis of OfCHS 

For cloning of CHS cDNA from O. fragrans, we aligned amino acid sequences of CHS 
from different plant species, and identified highly conserved regions of CHS from these 
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species. Following the conserved sequence, two degenerate primers DCHSF1 and 
DCHSR were synthesized to amplify the partial sequence of the CHS gene (Table 1). 
RT-PCR was performed with the degenerate primer pair. After an initial 98˚C for 2 min 
denaturation step, 35 cycles were run each with 10 s of denaturation at 98˚C, followed 
by 15 s annealing at 55˚C, and 2 min extension at 68˚C using MightyAmp® DNA Poly-
merase Ver.2 (TAKARA). The PCR product of about 1000 bp was cloned into pMD18- 
T vector (TaKaRa) and confirmed by sequencing. 

The rapid amplification of cDNA end (RACE) approach was used to isolate the 3’ 
and 5’ ends of OfCHS cDNA by use of 3’ SMARTer™ RACE cDNA Amplification Kit 
(Clontech) and 5’ RACE System for Rapid Amplification of cDNA Ends, Version 2.0 
kits (Invitrogen). These primers for 5’ RACE (A001-1, A001-2 and A001-3) and 
3’RACE (3’F001-1 and 3’F001-2) were listed in Table 1. All reactions were performed 
according to the manufacturer’s instructions. These amplified cDNA fragments were 
ligased into pMD18-T vector (TaKaRa) and sequenced. The CDS sequence of OfCHS 
and CHS sequences from other plant species was compared. These sequences were 
aligned by DNAMAN software and manually adjusted. Phylogenetic analysis was per-
formed by use of DNAMAN version 6.0 (LynnonBio Soft company, USA).  

2.3. Quantitative Real-Time PCR Analysis 

The first strand cDNA was synthesized from 200 ng purified RNA using random hex-
amers at 37˚C for 60 min and RevertAid First Strand cDNA Synthesis Kit (THERMO 
SCIENTIFIC). For endogenous control, the 18sRNA probe was used. The real-time 
PCR was carried out with the Power SYBR® Green PCR Master Mix (Applied Biosys-
tems) using theBIO-RAD CFX Connect™ instrument (Applied Biosystems). The PCR 
program included a 5 min denaturation step at 95˚C and then 45 cycles of 10 s of de-
naturation at 95˚C and 20 s of hybridization at 55˚C and 20 s of polymerization at  
 
Table 1. Primers used to isolate and analyze the expression of OfCHS gene. 

 Primer name Primer sequence (5’-3’) 

Conserved area of the 
OfDFR gene 

DCHSF1 GTBGAYCARAGCACBTAYCCNGA 

DCHSR1 CTRTGVAGCACMACVGTCTCVAC 

5’ RACE 

A001-1 CCACTCCTTGATTGC 

A001-2 ACTTCCACCACCACAA 

A001-3 TCCGTCAAGTGCATGTAACG 

3’RACE 
3’F001-1 CCAAGTCGAAGCAACGTTAGCCCTA 

3’F001-2 TGAGATGAGGAAGTCCGCCACCAAA 

RT-qPCR 

QCHS-F CAGCCTCACAAACTATACTACCAG 

QCHS-R TCCCATACTCGCTTAGCACAT 

DCHSF1 GTBGAYCARAGCACBTAYCCNGA 

DCHSR1 CTRTGVAGCACMACVGTCTCVAC 

Full-length cDNA 
A001-1 CCACTCCTTGATTGC 

A001-2 ACTTCCACCACCACAA 

http://dict.cnki.net/dict_result.aspx?searchword=%e5%bc%95%e7%89%a9%e5%ba%8f%e5%88%97&tjType=sentence&style=&t=primer+sequence
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72˚C. The relative expression ratios were calculated using the BIO-RAD CFX manage 
software vertion 3.1 sequence detection software (Applied Biosystems) and normalized 
using the 18S ribosomal RNA results. Real-time quantitative PCR was performed in 
three replicates for each sample. The primers used for OfCHS, and 18srRNA genes 
were listed in Table 1. 

2.4. Analysis of Anthocyanin Relative Content 

The ralative content and analysis of anthocyanin were carried out following the method 
described by Rabino and Mancinelli, 1986. Flower petals were obtained from different 
flowering stage of each cultivar. Three repetitions were performed. In brief, 0.3 g flower 
petals were ground in liquid nitrogen, and then extracted with appropriate solvent of 
1% (hydrochloricacid: methanol) to 50 mL, immediately in 530, and 657 nm range 
scanning, and the total amount of anthocyanins ((A530-0.25A657)/g) was determined 
[12]. 

3. Results 
3.1. Molecular Cloning and Sequence Analysis of OfCHS 

Using RT-PCR and RACE approaches, we isolated OfCHS cDNA (GenBank accession 
number KR604813). The cDNA was 1383 bp long and a coding sequence (CDS) of 1173 
bp encoding a polypeptide of 391 amino acids with an estimated molecular mass of 39.9 
kDa. The theoreticalisoelectric point was 6.23. The protein sequences had three catalyt-
ic residues: Cysl64-His303-Asn336, and two Phe activeresidue (Phe215 and Phe265) and the 
characteristics peptide sequence of chalcone synthasefamily (RFMMYQQGCFAGG- 
TVLR and GVLFGFGPGL) were included [13] (Figure 1(a)). Amino acid sequence 
alignment of CHS from different plant species showed OfCHS shared 95% identity with 
the protein from Oleaeuropaea, and high similarity with those from other plants, such 
as Rhododendron simsii (89%), Gossypium hirsutum (79%), Hibiscus cannabinus 
(89%), Malus domestica (87%), Sorbus aucuparia (88%), Camellia sinensis (90%) 
(Figure 1(b)). The phylogenetic analysis demonstrated similar patterns, which indi-
cated that CHSs from Solenostemon scutellarioides, Perillaf rutescens, Antirrhinum 
majusand Digitalis lanatacan be categorized into one group (Figure 1(b)). These results 
suggested that an evolutionary link did exist among these plants. 

3.2. Expression of OfCHS 

We analysed the expression pattern of OfCHS by Real-time quantification RT-PCR 
(qRT-PCR) approach. The expression pattern indicated that OfCHSs showed the high-
est transcript abundance in matureleaves, the lowest levels in flowers, which was very 
different toward several ornamental trees such as Tree Peony [14] (Figure 2). The ex-
pression of the initial flower stage (S2) was a little higher than that in full flowering 
stage (S3) (Figure 2). We also investigated the expression levels of OfCHS in different 
floral stage in two cultivars and showed that the transcripts in “Zi Yingui” petals were 
clearly higher than that in “Chenghong Dangui” at three stages especially at xiaoyan 
stage (S1) and there were no significant difference between the two cultivars in the full 
flowering stage (S3) (Figure 3).  
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Figure 1. Sequence analysis of OfCHS. (a) Deduced amino acid se-
quences of OfCHS. The characteristics peptide sequence of chalcone 
synthasefamily (RLMMYQQGCFAGGTVLR and GVLFGFGPGL) are 
double-underlined. Two Phe active residue were marked by Asterisk 
Start. The catalytic triad sites C164, H303 and N336 are boxed; (b) Phylo-
genetic analysis of OfCHS and other plant species. Accession number: 
Olea europaea, AHK07000.1; Osmanthus fragrans, KR604813; Rho-
dodendron simsii, CAC88858.1; Gossypium hirsutum, ABS52573.1; 
Hibiscus cannabinus, AIC75908.1; Sorbus aucuparia, ABB89213.1; 
Prunus persica, XP_007223025.1; Malus domestica, XP_008380609.1; 
Camellia sinensis, P48387.1; Pyrus pyrifolia, AFQ92052.1; Solenoste-
mon scutellarioides, ABP57071.1; Perilla frutescens, AA19548.1; An-
tirrhinum majus, P06515.1; Digitalis lanata, CAA05512.1; The tree is 
determined using the DNAMAN version 6.0. 
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Figure 2. The relative expression of OfCHS gene in different flowering 
stages and leaves of Osmanthus fragrans. S1: xiangyan stage; S2: initial flo-
wering stage; S3: full flowering stage; L: leaves. 

 

 
Figure 3. Relative quantity of OfDFR expression in different floral stages in 
“Chenghong Dangui” and “Zi Yingui”. S1: xiangyan stage; S2: initial flo-
wering stage; S3: full flowering stage. 

3.3. Anthocyanin Content of Flower Petals 

The results showed that total relative anthocyanin content was 0.74 U·g−1, 1.60 U·g−1 
and 0.41 U·g−1, each at xiangyan stage, initial flowering stage and full flowering stage in 
“Dangui” flower petals and 0.34 U·g−1, 0.51 U·g−1, and 0.28 U·g−1 in “Yingui” flower pet-
als (Figure 4). Statistical analysis showed that the anthocyanin content of “Dangui” was 
clearly higher than that in “Yingui” petals of three flowering stage (correlation is signif-
icant at the 0.05 level. P < 0.05). 
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Figure 4. Relative contents of anthocyanin in the two cultivar petals. S1: 
xiangyan stage; S2: initial flowering stage; S3: full flowering stage. 

4. Discussion 

Chalcone synthases (CHSs) catalyze the condensation of p-coumaroyl-CoA and three 
malonyl-CoA molecules to form the naringenin chalcone, which is the first committed 
step in the flavonoids pathway of plants, leading to the biosynthesis of flavonoids, isof-
lavonoids, and anthocyanins [15]. Chalcone synthases have been extensively studied in 
higher plants especially in herbaceous plants. 

In this study, a full length of cDNA encoding CHS protein of O. frangrans (OfCHS) 
was cloned by using RT-PCR and RACE PCR. This is the first time the gene and the 
expression of CHS in sweet osmanthus was analysed. The sequence analysis showed 
that the CHS has similar structure with that of higher plants.  

The expression pattern indicated that OfCHS showed the highest transcript abun-
dance in mature leaves, the lowest levels in S3 (Figure 2). The result was different from 
other ornamental plants which CHS expression was highest in petals. Moreover the 
transcripts in “Zi Yingui” petals were clearly higher than those in “Chenghong Dangui” 
at three stages especially at S1 and there was no significant difference between the two 
cultivars in S3, but the anthocyanin content of “Dangui” was clearly higher than that in 
“Yingui” petals of three flowering stage and this showed that the OfCHS did not result 
in the accumulation of total anthocyanin in “Dangui” (Figure 3 & Figure 4). 

Additional studies are needed to clarify the contribution of other enzymes or regula-
tory factors to the color formation in O. frangrans. 
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Abstract 
Background: Circulating microRNAs are potential biomarkers of diagnostic and 
prognostic impact in various inflammatory and malignant diseases. Aim: Linking in-
flammation with malignancy, we studied miRNA-21 in sera of hepatitis-C-virus 
(HCV) and none hepatitis diffuse large B-cell lymphoma (DLBCL) patients, aiming 
to identify its differential expression and prognosis in DLBCL with its subtypes; ger-
minal center B-cell (GCB) and activated B-cell-like (ABC) and to evaluate its relation 
with HCV. Subjects and Methods: MiRNA-21 expression was measured using Taq-
Man quantitative RT-PCR in sera of 30 newly diagnosed DLBCL patients (HCV pos-
itive (n = 10), HCV negative (n = 20)) and 20 controls (HCV positive (n = 10), HCV 
negative (n = 10)). Results: MiRNA-21 expression was significantly higher in DLBCL 
patients than in control (p = 0.00). Significant positive correlations between miRNA- 
21 and LDH, IPI and disease stage were detected (p < 0.05). Significantly higher 
miRNA-21 was detected in ABC sub-type compared to GCB sub-type (p = 0.00). 
Higher miRNA-21 was associated with worse response (p = 0.016), 2 years overall 
(p = 0.017) and progression free survival with statistical significance (p= 0.003). 
Significantly higher miRNA-21 levels were detected in HCV positive DLBCL patients 
compared to HCV negative patients (p = 0.00). Higher miRNA-21 levels were de-
tected in HCV positive ABC subtype than GCB subtype (p = 0.05). Significantly 
higher levels were also detected in HCV positive controls compared to HCV negative 
controls. Conclusion: Our study shows that miRNA-21 is over expressed in our pa-
tients with DLBCL, displaying higher levels in ABC than in GCB subtypes. MiR-
NA-21 is associated with poor response to treatment and survival in DLBCL. MiR-
NA-21 is a potential marker of necro-inflammation independent of its role in tumo-
rogenesis, showing higher expression in HCV positive DLBCL patients compared to 
none hepatitis patients. 
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1. Introduction 

MicroRNAs are small RNA molecules which control the expression of many target 
messenger RNAs involved in cell differentiation, proliferation and apoptosis. Their ab-
errant expression is related to the pathogenesis of many human diseases such as infec-
tions, inflammatory disorders, immune diseases and cancers [1]. A single mi-RNA can 
potentially control many targets to provide coordinated regulation of a network of pro-
teins in a particular tissue or at a specific developmental stage. However, miRNAs do 
not encode a protein product, but instead they act as post-transcriptional regulators, 
causing silencing of the target messenger RNA either by promoting its degradation or 
by blocking its translation [2]. 

The potential function of miRNAs in lymphomagenesis has been studied by evaluat-
ing the consequences of their up- or down-regulated expression. Depending on the 
target genes, miRNAs may act as potential oncogenes or as tumor suppressor genes 
depending on the cellular context in which they are expressed [1]. One of the first 
miRNAs to be discovered in human cells is miRNA-21, which was found to be overex-
pressed in a variety of diseases including inflammation, infections, immune diseases 
and most cancer types, both solid tumors and hematological malignancies [3]. It has 
been recognized as an anti-apoptotic oncomir. In most cancer patients high levels of 
miRNA-21 are associated with tumor aggressiveness as well as poor survival [4] [5] [6]. 
Elevated levels of miRNA-21 have been detected in sera and plasma of patients with 
different malignancies [7]. 

Several studies have addressed the expression and the significance of miRNA-21 in 
diffuse large B-cell lymphoma (DLBCL). Higher expression levels of miRNA-21 were 
detected in biopsy material [8] [9] as well as in sera of patients with DLBCL [9] [10] 
when compared to normal control. Significantly higher levels were detected in the poor 
risk activated B-cell like (ABC-like) subtype compared to the germinal center B (GCB) 
subtype [8]. The mechanism by which miRNA-21 contributes to pathogenesis of diffuse 
large B-cell lymphoma is still unclear. Among the many possible targets of miRNA-21 
the most relevant in pathogenesis of DLBCL are phosphatase and tensin homolog 
(PTEN) and forkhead box protein O1 (FOXO1). It was recently suggested that miR-21 
might modulate the PI3K/AKT pathway by targeting PTEN upstream and FOXO1 
downstream [11]. In addition, miRNA-21 expression was correlated with chemoresis-
tance in DLBCL cells through the up-regulation of multi-drug resistance (MDR1) ex-
pression and activity which is mediated by suppression of PTEN and activation of AKT 
pathway [12]. 

Hepatitis C virus (HCV) infection is a global health problem. About 170 - 200 mil-
lion people, approximately 3% of the world’s population are chronically infected with 
HCV [13] and at risk of developing liver disease including liver cirrhosis and hepato-
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cellular carcinoma and B-cell lymphoma [14]. Several circulating miRNAs established 
their potential value as biomarkers for detection and prediction of liver disease pro-
gression in HCV infection [15]. MiRNA-21 is one of the most important miRNAs pre-
valently expressed in HCV positive patients.  

Unlike all other malignancies, studies of the prognostic implication of miRNA-21 
expression in patients with DLBCL have been a matter of debate. Multiple studies re-
vealed that higher levels of miRNA-21 were associated with better prognosis in DLBCL 
[8] [9] [10], while others suggested a poor prognostic impact of miRNA-21 [16]. In ad-
dition to our knowledge, there are no existing data up to date on the expression of 
miRNA-21 in HCV related DLBCL. Most of the studies conducted were performed on 
splenic marginal zone lymphoma (SMZL) patients [17]. Thus in this study we aimed to 
identify the expression and the prognostic implications of miRNA-21 in DLBCL cases 
and to evaluate its differential expression in GCB and ABC sub-types and its impact on 
response to chemotherapy as well as survival in each sub-type. In addition, our study 
also intended to illustrate the relation between miRNA-21 and HCV infection in 
DLBCL and non-lymphoma patients.  

2. Material and Methods 

This study included thirty patients with newly diagnosed diffuse large B cell lymphoma 
admitted to the hematology unit at Alexandria Main University Hospital. The diagnosis 
of DLBCL was done by applying the criteria of the WHO classification of tumors of the 
hematopoietic and lymphoid tissues 2008 and further confirmed by histopathological 
examination and immunohistochemical analysis. Twenty subjects without lymphoma 
of matched age and sex were included in this study as a control group. The samples 
were collected over a period of 18 months starting from May 2013 till October 2014. 
The patients were further followed up for a period of 24 months from the time of sam-
ple collection. The laboratory investigations, bone marrow trephine biopsy and miRNA 
studies were performed at the clinical pathology department, while histopathological 
examination of tissue specimens was carried out at the pathology department in the 
same hospital. The studied patients (n = 30) aged 20 to 68 years of age with a mean of 
52.13 ± 12.12 years. Among the studied patients 17 were males (56.7%) and 13 females 
(43.3%) with a male to female ratio of 1.3:1. They were all pathologically confirmed 
newly diagnosed DLBCL cases with an ECOG PS of no more than score 2. The age of 
control group (n = 20) ranged from 29 to 68 years of age with a mean of 47.4 ± 11.31. 
Eleven were males (55%) and nine were females (45%) with a male:female ratio of 1.2:1. 
All the subjects included in the study were subjected to estimation of Anti-HCV anti-
bodies serology by Enzyme Linked Immunosorbant Assay (ELISA) technique at the 
start of the study. We used HCV antibodies ELISA kit (Abnova). Those subjects with 
positive serological tests for Anti HCV antibodies were further submitted to HCV ge-
netic detection and quantification by polymerase chain reaction (PCR). HCV RNA 
Quantification Assay Roche COBAS® Ampliprep Total Nucleic Acid Isolation Kit 
(TNAI) was used. The patient group was further classified into; 10 DLBCL patients 
with HCV infection and 20 DLBCL patients without HCV infection. Similarly, the con-
trol group was classified into 10 completely healthy subjects and 10 subjects without 
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lymphoma but with HCV infection (HCV pathological control). 
Biopsy material was obtained from DLBCL patients before treatment from one or 

more sites, including: lymph nodes, extra nodal masses or spleen. Excisional biopsy was 
performed in 25 patients. (83.33%), which included; excisional biopsy of clinically de-
tected lymph nodes in 23 cases (76.67%), splenectomy in one case (3.33%) and right 
hemi-colectomy in one case (3.33%). CT guided core biopsy from abdominal lymph 
node/mass was performed in 4 cases (13.33%). CT guided core biopsy from anterior 
mediastinal mass was done in one case (3.33%). BM trephine biopsy was performed in 
all cases (n = 30) due to its importance in staging of the patients. Radiological assess-
ment in the form of CT neck, chest, abdomen and pelvis was performed initially for all 
DLBCL patients at diagnosis and for follow up after 4 cycles of chemotherapy and at 
the end of therapy. 

All the patients received the standard CHOP-21 (Cyclophosphamide, Hydroxydau-
norubicin, oncovin and prednisolone) protocol and were followed up and first re-as- 
sessed after 4 cycles. Patients were evaluated in view of the response criteria of lym-
phoma. Those patients who achieved objective response (CR/PR) further received 
CHOP protocol for a total of 6 - 8 cycles, while those who showed no response received 
2 - 3 cycles of salvage chemotherapy protocols; DHAP or ESHAP protocols and were 
planned for autologous BMT. End of therapy assessment was performed for all patients. 
All the patients were evaluated for chemotherapy toxicity based on WHO toxicity 
grades. The patients were followed up for an average of 24 months. Survival analysis 
was performed. Overall survival (OS) and progression free survival (PFS) were calcu-
lated for all DLBCL patients.  

The HCV positive controls were evaluated at the start of the study for the severity of 
hepatic condition using laboratory investigations including liver enzymes, serum albu-
min, total and direct bilirubin, prothrombin activity and viral load, as well as radiolog-
ical examination by ultrasonographic study. 

The study was approved by the Ethics Committee of Alexandria Faculty of Medicine. 
Ethical permission and informed consent were obtained from all participants. 

2.1. Immunohistochemistry 

Hematoxylin- and eosin-stained sections were prepared from the paraffin-embedded 
tissue blocks. Formalin-fixed paraffin sections of 3 µm thick were used for IHC stain-
ing. Staining of tissue sections with a routine panel of antibodies to CD3 (CD3εAb-2, 
Clone PS1, Mouse Monoclonal Antibody, Thermo Fisher Scientific. UK), CD20 (CD20 
Ab-1, Clone L26, Mouse Monoclonal Antibody Thermo Fisher Scientific, UK), CD15 
(CD15 Ab-3, Clone MMA; same as LeuM1, Mouse Monoclonal Antibody Thermo 
Fisher Scientific, UK) and CD30 (CD30 Ab-1, Clone Ber-H2, Mouse Monoclonal An-
tibody Thermo Fisher Scientific, UK) was done. 

The diagnosis of DLBCL and its sub-classification in GCB and ABC subtypes were 
done by applying the criteria of the WHO classification of tumors of the hematopoietic 
and lymphoid tissues 2008 [18] and revised in 2016 [19] and were confirmed by IHC 
using the following antibodies; Antibodies to CD10 (CD10/CALLA (Neural Endopep-
tidase) Ab-2, Clone 56C6 Mouse Monoclonal Antibody Thermo Fisher Scientific, UK), 
BCL-6 (Clone BL6.02 PG-B6p, Mouse Monoclonal Antibody Thermo Fisher Scientific, 
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UK), MUM-1 (IRF4-MUM1p; Mouse Monoclonal Antibody Thermo Fisher Scientific, 
UK) and BCL-2 (bcl2 alpha AB-1, Clone 100/D5, Mouse Monoclonal Antibody Ther-
mo Fisher Scientific, UK), were used for the staining. 

All the immunostained slides were assessed using visual estimation to determine the 
percentage of tumor cells having a positive reaction. CD10 and BCL-2 were considered 
to be expressed by the tumor if >30% of tumor cells had positive surface membrane. 
Positive expression of MUM-1 and BCL-6 protein was considered when >30% the tu-
mor cells had positive immunoreactivity in the nuclei. Hans’s algorithm [20] was used 
for the allocation of patients into two IHC sub-groups. Based on this algorithm cases 
were allocated to the GCB sub-group if CD10 alone was positive. CD10 negative cases 
were further tested for BCL-6. If BCL-6 was negative, then the case was assigned to the 
ABC sub-group. Cases with BCL-6 positivity were further stained with MUM1. If 
MUM1 was negative, then the case was assigned to the GCB sub-group while positive 
cases were allocated to the ABC sub-group. 

Quantification of miRNA-21 
MiRNA-21 detection and quantification in serum of DLBCL patients as well as the 
control group by Real Time Reverse Transcriptase Polymerase Chain Reaction (RT- 
PCR) was performed initially at diagnosis. MiRNA-24 was used as an endogenous con-
trol for miRNA-21.  

2.2. Extraction of Total RNA  

Total RNA, including miRNA, isolation from peripheral blood samples was carried out 
with the miRNeasy Mini Kit (QIAGEN, Maryland, USA) according to the manufactur-
er’s instructions. The concentration and purity of RNA were measured at 260, 280 and 
230 nm using NanoDrop2000 Spectrophotometer (Thermo Scientific, USA). A260: 
A230 ratio greater than 1.7 and A260:A280 ratio greater than 2.0 indicates highly pure 
RNA. 

2.3. Detection and Quantification of miRNA 

Detection and quantification of miRNA was performed using TaqMan® MicroRNA 
Assays-Applied Biosystems real-time PCR instruments. Gene Expression Assays were 
performed in a two-step; Reverse transcription (RT) step, in which cDNA is reverse 
transcribed from the extracted RNA using miRNA-21 and miRNA-24 specific primers 
according to Taqman MicroRNA assay protocol. We used the TaqMan® MicroRNA 
Reverse Transcription kit (Applied Biosystems, USA). Reverse transcription was carried 
out in 15 µ reaction contained 10 ng of RNA samples. The reactions were incubated in 
(Biometrathermocycler) for 30 min at 16˚C, 30 min at 42˚C, 5 min at 85˚C and then 
held at 4˚C. This is followed by the PCR amplification step in which PCR products are 
quantitatively synthesized from cDNA using the Taqman® Universal PCR Master Mix 
II. Real time PCR was performed in 20 µl reaction mixture included 1.33 µl RT product, 
10 µl TaqMan Universal PCR Master Mix II, 1 µl of primers and probe mix and 7.67 µl 
nuclease-free water according to TaqMan MicroRNA Assay protocol (PE, Applied Bio-
systems). Reactions were incubated at 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 15 s and 60˚C for 10 min. MiRNA-24 was used as an endogenous reference for 
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normalizing the expression levels of miRNA-21. Data processing was performed using 
Rotor Gene Q 3000 software.  

2.4. Data Analysis 

The threshold cycle data (Ct) and baselines were determined using auto settings. The 
relative quantification of miRNA-21 expression was calculated using the comparative 
CT method (2−ΔΔCT). ΔCT is the difference of CT value between the target (miRNA-21) 
and endogenous reference (miRNA-24); (ΔCT = CT miRNA-21 – CT miRNA-24). 
∆∆Ct is the difference of the ∆Ct value between the sample and a value calibrator con-
stant (in this case we used the mean of ∆Ct of normal HCV negative healthy controls); 
(ΔΔCT = ΔCT miRNA sample-ΔCT control miRNA). 

The relative expression ratio of miRNA-21 was presented as the fold change norma-
lized to reference miRNA-24 and relative to the normal control subject.  

If expression level of the sample miRNA-21 is equal to that of the normal healthy 
control subject, then the ΔΔCt equals zero and 2−ΔΔCT equals one. Therefore, by com-
paring the value of ΔCt of sample miRNA-21 and ΔCt normal control subject miR-
NA-21, we could compare the expression level of miRNA-21 in the patients with nor-
mal control subject. 

If the fold-change is >1, then the result was reported as a fold up-regulation. If the 
fold-change is <1, then the negative inverse of the result was reported as a fold down- 
regulation.  

2.5. Statistical Analysis 

Data were analyzed using the Statistical Package for Social Sciences (SPSS ver.20 Chi-
cago, IL, USA). The given graphs were constructed using the same program as well as 
Microsoft Excel software. The distributions of quantitative variables were tested for 
normality using Kolmogorov-Smirnov test, which revealed that the data are not nor-
mally distributed. Quantitative data were described using median, range. Qualitative 
data were described using number and percent.  

Correlations between quantitative variables were done using Spearman rank correla-
tion test. Comparing quantitative variables between 2 groups was conducted using 
Mann Whitney U test. Comparing quantitative variables between 3 groups was con-
ducted using Kruskal Wallis test. Comparing 2 × 2 categorical variables was done using 
Pearson Chi square test, while Fisher’s exact test (FEP) was used when >20% of cells 
have expected cell count of less than 5. Monte Carlo significance test (MCP) was used 
in >2 × 2 table when >20% of cells have expected cell count less than 5.  

Kaplan Meier survival analysis was carried out for overall survival and progression 
free survival time of DLBCL cases. Overall survival was calculated from the time of in-
clusion in the study till the date of death, PFS was calculated from the time of inclusion 
in the study till the date of progression or death. Patients who were alive progression 
free at the time of last contact were censored for analysis. Log rank test was used to 
compare survival between low and high miRNA-21 (median value of cases was used as 
a cutoff point). In all statistical tests, level of significance of 0.05 was used, below which 
the results were considered to be statistically significant. 



N. El-Halawani et al. 
 

55 

3. Results 

This study was carried out on 30 newly diagnosed subjects with DLBCL and 20 subjects 
of matched age and sex as control group. Among the lymphoma patients, twenty pa-
tients were negative for HCV infection (66.7%) while the remaining ten were positive 
for HCV infection (33.3%).  

3.1. Histopathology 

Microscopic description; Centroblastic morphology was identified in 12 cases (40%) of 
which 10 cases had a monomorphic pattern and 2 cases had a polymorphic pattern. The 
ABC sub-type included; 8 cases (26.67%) of the immunoblastic sub-type and 4 cases 
(13.3%) of the anaplastic type with Reed Sternberg like cells. A polymorphic pattern 
was detected in additional 4 cases (13.33%); including 2 cases with plasmacytoid fea-
tures. The last 2 cases had a morphology of Burkitt like large cell lymphoma (6.67%). 

Twelve cases (40%) were assigned as GCB-DLBCL, while the other 18 cases (60%) 
were ascribed as ABC-DLBCL. This diagnosis was based on both morphological fea-
tures and immunohistochemical staining of the paraffin sections, using CD10, BCL6 
and MUM1 antibodies. According to expression of CD10 of >30%, BCL6 of >30% and 
MUM1 of >30% the two histologically recognized sub-types could be confirmed.  

In the GCB cases (n = 12), CD10 was expressed in 8 cases (66.67%) and was absent in 
4 cases (33.33%). BCL6 was positive in 9 cases (75%) and negative in 3 cases (25%). 
None of the GCB subtype was positive for MUM1. BCL2 expression was positive in 8 
cases (66.67%) and negative in 4 cases (33.33%) (Figure 1). 

In the ABC like cases (n = 18), none of the cases were positive for CD10 (0%). BCL6 
was positive in 3 cases (16.67) and negative in 15 cases (83.33%). MUM1 was positive in 
12 cases (66.67%) and negative in 6 cases (33.33%). BCL2 was expressed in 12 cases 
(66.67%) and was absent in 6 cases (33.33%) (Figure 2). 

3.2. International Prognostic Scoring System, Performance Status  
and Staging of DLBCL Patients 

Twelve cases (40%) had an ECOG score of 0 - 1, while 18 cases (60%) has an ECOG 
score of ≥2. Fourteen DLBCL patients (46.67%) were in early stage (I/II), while 16 cases 
(53.33%) were in advanced stage (III/IV). Distribution of patients based on ECOG PS, 
the IPI and Ann Arbor staging system are summarized in Table 1. 

3.3. Chemotherapy and Response to Treatment  

Twenty nine patients (96.67%) received 4 cycles of CHOP and were re-assessed both 
clinically and radiologically thereafter. One case died early in the study received a total 
of two cycles of CHOP.  

Based on clinical examination, results of CT scans after the fourth cycle of CHOP 
and criteria of response; 10 patients (33.3%) received a total of 6 cycles of CHOP. 11 
patients (36.67%) received a total of 8 cycles of CHOP. For those patients who showed 
no response (SD/PD) after the 4th cycle of CHOP, 2 - 3 cycles of salvage chemotherapy 
protocols were used; 4 cases received ESHAP protocol (13.33%), while the remaining 
four received DHAP protocol (13.33%). 
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Figure 1. Diffuse large B cell lymphoma; Germinal center B cell phenotype (GCB-DLBCL). Exci-
sional biopsy of the lymph node showing complete loss of architecture with replacement by a 
neoplastic cellular population composed of diffuse sheets of predominantly large cells with large 
vesicular nuclei, prominent membrane bound nucleoli and indistinct cytoplasm. Mitotic figures 
are readily detected. (A) Strong cell membrane positive staining reaction for CD20. (B) Cell 
membrane positive staining for CD10. (C) Negative staining reaction of all the populations of 
cells for BCL6. (D) Strongnuclear staining reaction for Bcl2. 
 

 
Figure 2. Diffuse large B cell lymphoma; Activated B cell phenotype (ABC-DLBCL). Excisional 
biopsy of the lymph node showing complete loss of architecture with replacement by a neoplastic 
cellular population composed of diffuse sheets of large cells with large vesicular nuclei, promi-
nent nucleoli and variable amount of cytoplasm. Mitotic figures are readily detected. (A) Strong 
cell membrane positive staining reaction for CD20. (B) Moderate nuclear staining of about 30 % 
of the cells for MUM1. (C) Negative cell membrane staining reaction of all the populations of 
cells for CD10. (D) Negative nuclear staining reaction for BCL6. 
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Table 1. Performance status, staging and prognostic scoring system of the studied DLBCL pa-
tients (n = 30). 

 
No. % 

ECOG PS (n = 30) 
  

0 3 10 

1 9 30 

≥2 18 60 

Ann Arbor Staging system (n = 30) 
  

I 5 16.67 

II 9 30 

III 8 26.67 

IV 8 26.67 

IPI of DLBCL patients (n = 30) 
  

0 4 13.33 

1 5 16.67 

2 5 16.67 

3 9 30 

4 4 13.33 

5 3 10 

 
At the end of therapy 29 cases of DLBCL were evaluated both clinically and radio-

logically. Twelve cases (41.38%) entered in CR, while seven cases (24.14%) achieved PR, 
with an OR (CR + PR) of 65.52%. Ten cases (34.48%) showed no response (SD/PD).  

In the GCB subtypes 7/12 cases (58.33%) entered in CR, while 2/12 cases (16.67%) 
achieved PR with an OR of 75%. Three cases (25%) showed no response (SD/PD). In 
the ABC subtype 5/17 cases (29.41%) achieved CR, while 5/17 cases (29.41%) achieved 
PR, with an OR of 58.82%. Seven cases (41.18%) showed no response.  

3.4. HCV Positive DLBCL Cases 

HCV infection was diagnosed in 10 DLBCL patients (33.3%), by serological as well as 
molecular tests. HCV infection was more commonly detected in ABC DLBCL (n = 
7/10, 70%) than in GCB subtype (n = 3/10, 30%). All HCV positive patients received 
CHOP protocol (100%). Pretreatment transaminases, total and direct bilirubin were 
elevated in 5 patients (50%) among whom four patients had mild to moderate hepatic 
impairment and were managed with liver support and chemotherapy dose adjustment 
of doxyrubicin and/or etoposide and could tolerate chemotherapy well without wor-
sening hepatic condition. The last case had obstructive jaundice and he was managed 
with steroids then with reduction of serum bilirubin and transaminases, he could safely 
start chemotherapy with dose adjustment. However, unfortunately, he progressed to 
grade 4 hepatic toxicity after 4 cycles of CHOP which indicated discontinuation of 
chemotherapy. 
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Regarding response to treatment in HCV positive DLBCL patients, 4/10 cases (40%) 
entered in CR, 3/10 cases (30%) achieved PR with an OR of 70%, while 3 cases (30 %) 
showed no response.  

3.5. Control Group 

Twenty subjects without lymphoma participated in the study as control, of which 10 
were infected with HCV (50%), while the remaining 10 were apparently healthy indi-
viduals (50%). Table 2 shows data regarding age, sex and hepatic parameters in HCV 
positive DLBCL patients and HCV positive pathological control. 

3.6. Serum miRNA-21 Results 

• Serum miRNA-21 in DLBCL patients compared to control. 
Serum miRNA-21 in the DLBCL patients (n = 30) ranged from 3.03 to 38.53 with a 

median of 9.32. While, in the control group miRNA-21 ranged from 0.7 to 22.47 with a 
median of 1.44. A highly statistically significant difference between miRNA-21 expres-
sion levels in the DLBCL compared to its levels in control group was detected (U = 115, 
p = 0.00) (Figure 3). 
• Serum miRNA-21 expression levels compared in DLBCL subtypes; GCB and 

ABC. 
In the GCB DLBCL (n = 12) serum miRNA-21 ranged from 3.03 to 11.63 with a  

 
Table 2. Age, sex and different hepatic parameters in HCV positive DLBCL patients and HCV 
positive pathological control. 

Parameter 
HCV positive DLBCL patients  
(n = 10) min-max (mean ± SD) 

HCV positive controls (n = 10) 
min-max (mean/SD) 

Age (Years) 
38 - 68 

53.4 ± 10.51 
34 - 68 

(49 ± 10.74) 

Sex (M/F) 
(4/6) 
1:1.5 

(6/4) 
1.5:1 

AST(U/l) 
16 - 278 

70.2 ± 77.44 
20 - 250 

(84.2 ± 86.85) 

ALT(U/l) 
14 - 320 

92 ± 89.95 
23 - 480 

(124.6 ± 147.36) 

ALP(U/l) 
77 - 534 

175.9 ± 142.52 
62 - 347 

(138.6 ± 85.96) 

Total Bilirubin (mg/dl) 
1 - 18 

3.16 ± 5.25 
0.58 - 4 

(1.616 ± 0.707) 

Direct Bilirubin (mg/dl) 
0.1 - 16.5 
2.33 ± 5 

0.16 - 2.8 
(0.914 ± 0.97) 

Serum albumin (mg/dl) 
1.5 - 4 

3.25 ± 0.74 
2.6 - 4.2 

(3.43 ± 0.53) 

Prothrombin activity (%) 
32 - 100 
81 ± 0.21 

50 - 95 
(78 ± 0.156) 

Viral load (IU) 
20,000 - 6,000,000 

1,151,000 ± 1,777,279 
50,004,800,000 

1,419,200 ± 1,628,185 
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Figure 3. Serum miRNA-21 in DLBCL patients compared to controls. Serum miRNA-21 shows 
higher expression in DLBCL patients (n = 30) compared to controls (n = 20). In the box plots, 
the band inside the box is the median. The outlier’s samples (those whose expression extends 
beyond 1.5 times the interquartile range) are represented as dots and stars: the white dots de-
notes the middle outlier while the black stars are the extreme outliers. 
 
median of 5.67. While, in the ABC DLBCL (n = 18) miRNA-21 ranged from 5.82 to 
38.58 with a median of 11.44. A significantly higher level of miRNA-21 was detected in 
ABC DLBCL cases compared to GCB cases (U = 24.00, p = 0.00) (Figure 4). 
• Correlations between serum miRNA-21 expression & different parameters of 

clinical and prognostic significance in DLBCL cases. 
Statistically significant positive correlations were detected between serum miRNA-21 

and serum LDH (rs = 0.454, p = 0.012) the disease stage (rs = 0.443, p = 0.014) and the 
IPI (rs = 0.395, p = 0.031). While the correlations between miRNA-21 and the age (rs = 
0.231, p = 0.220 ), uric acid (rs = 0.109, p = 0.567), ESR (rs = 0.172, p = 0.363) and 
ECOG PS (rs = 0.328, p = 0.077) were not statistically significant (Table 3). 
• Comparing serum miRNA-21 levels in relation to expression of immunohisto-

chemical markers of DLBCL. 
Serum miRNA-21 was compared in relation to immunohistochemical markers of 

DLBCL. MiRNA-21 in the CD10 positive group (n = 8) ranged from 3.03 to 10.02 (me-
dian; 4.95), while, in the CD10 negative group (n = 22) miRNA-21 ranged from 5.28 to 
38.58 (median; 11.195). CD10 negative cases showed significantly higher miRNA-21 
expression than CD10 positive cases (U = 21.00, p = 0.002). 

BCL6 negative cases showed significantly higher miRNA-21 expression compared to 
cases positive for BCL6 (U = 52.00, p = 0.018). Serum miRNA-21 in the BCL6 positive 
group (n = 12) ranged from 3.03 to 22.78 with a median of 6.105, while, in the BCL6 
negative group (n = 18), miRNA-21 ranged from 3.41 to 38.58 with a median of 11.195. 
In the MUM1 positive group (n = 13) miRNA-21 ranged from 5.82 to 38.58 with a me-
dian of 12.38. In MUM1 negative group (n = 17) miRNA-21 ranged from 3.03 to 13.83  
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Figure 4. Comparing serum miRNA-21 levels in GCB versus ABC DLBCL patients. Serum 
miRNA-21 shows higher expression in ABC sub-type (n = 18) compared to GCB sub-type (n = 
12). In the box plots, the band inside the box is the median. The outlier’s samples which extends 
beyond 1.5 times the interquartile range are shown as dots and stars: the white dots represent the 
middle outlier while the black stars are the extreme outliers. 
 
Table 3. Correlations between serum miRNA-21 expression & different parameters of clinical 
and prognostic significance in DLBCL cases. 

Parameter Serum miRNA-21 DLBCL patients 

 
rs p 

Age 0.231 0.220 

LDH 0.454 0.012* 

ESR 0.172 0.363 

Uric acid 0.109 0.567 

ECOG 0.328 0.077 

Ann Arbor staging 0.443 0.014* 

IPI 0.395 0.031* 

rs: Spearman rho correlation coefficient. *: Significant correlation. 

 
with a median of 7.06. MUM1 positive cases showed significantly higher miRNA-21 
expression compared to MUM1 negative cases. (U = 34.00, p = 0.001). 

In cases positive for BCL2 (n = 20), miRNA-21 ranged from 4.29 to 38.58 with a me-
dian of 10.24, while, in the BCL2 negative group (n = 10) its level ranged from 3.03 to 
14.62 with a median of 6.6050. The result didn't reach statistical significance (p = 
0.086). 
• Serum miRNA-21 expression levels in DLBCL patients in relation to response 

to treatment. 
Serum miRNA-21 in DLBCL patients who achieved CR (n = 12) ranged from 3.03 to 
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13.83 with a median of 6.44,while in patients who achieved PR (n = 7) it ranged from 
5.28 to 22.78 with a median of 9.13. Patients who failed to respond to treatment had a 
serum miRNA-21 level that ranged from 6.06 to 38.58 with a median of 11.845. Higher 
miRNA-21expression levels were associated with poor response to treatment (Chi 
square = 8.244, p = 0.016) (Figure 5). 
• Differential expression of miRNA-21 in subtypes of DLBCL. 

Serum miRNA-21 level was compared in BCL2 positive and BCL2 negative GCB 
DLBCL cases, showing higher expression in the BCL2 positive group (median; 6.76) 
than in BCL2 negative group (median; 4.27) but the result didn’t reach statistical signi-
ficance (U = 6.000, p = 0.089). In ABC DLBCL cases, serum miRNA-21 in the BCL2 
positive group (median; 11.845) was higher than its levels in BCL2 negative group (me-
dian; 9.485) but the result didn’t reach statistical significance (U = 21.000, p = 0.16). 

In GCB DLBCL, the difference in miRNA-21 levels in cases with BM infiltration 
(median; 6.10) and those without BM infiltration (median; 5.20) were quite similar (U= 
8.000, p = 0.667). In ABC-like cases the levels were higher in cases with BM infiltration 
(median; 14.95) when compared to cases without infiltration (median; 11.2), however 
the result didn’t reach statistical significance (U = 14.000, p = 0.137). 

Serum miRNA-21 level in the GCB subtype with B symptoms and cases without B 
symptoms showed a median of 5.595 and 5.715 respectively, while in ABC-like patients 
with B symptoms, miRNA-21 levels (median; 13.3) were higher than in cases without B 
symptoms (median; 11.19). The difference in its expression regarding B symptoms in 
both subtypes didn’t reach statistical significance (GCB; U= 15.000, p = 0.865, ABC; U= 
23.000, p = 0.223). 

 

 
Figure 5. MiRNA-21 expression in relation to response to treatment in DLBCL patients Serum 
miRNA-21 expression levels were lowest in DLBCL patients who achieved CR (n = 12), followed 
by patients who achieved PR (n = 7), while patients who showed no response to chemotherapy 
(n = 10) had the highest levels. The band inside each box plot is the median. The outlier’s sam-
ples extending beyond 1.5 times the interquartilerange are illustrated as dots and stars: the white 
dots are the middle outlier while the black stars are the extreme outliers. 
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MiRNA-21 levels were higher in GCB DLBCL cases with ECOG PS ≥ 2 (median; 
6.15) than in cases with ECOG 0-1 (median; 4.76), but the difference was not statisti-
cally significant (U = 11.000, p = 0.291). Similarly, in ABC DLBCL cases, miRNA-21 
expression levels were quite similar in cases with ECOG 0-1 (median; 11.08) and cases 
with ECOG ≥ 2 (median; 12.38) (U = 26.000, p = 0.258). 

In GCB DLBCL cases with early stage (I/II), the median serum miRNA-21 was 5.13, 
while in cases with advanced stage (III/IV) the median was 6.15 with no significant dif-
ference (U = 13.000 p = 0.465). In ABC DLBCL cases, the difference in miRNA-21 ex-
pression between early stage (median; 10.295) and advanced stage (median; 14.42) was 
statistically significance (U = 15.000, p = 0.026). 

Correlations between serum miRNA-21 and the IPI in GCB (rs = 0.408, p = 0.188) 
and ABC (rs = 0.446, p = 0.064) sub-types were not statistically significant. 

In GCB sub-group, in patients who achieved CR serum miRNA-21 showed a median 
of 4.76, while in patients with PR miRNA-21 had a median of 5.71. The highest levels 
were detected in patients who failed to respond to treatment (median; 7.46), but the 
result was not significant (chi square = 2275, p = 0.321). In ABC sub-group, higher 
miRNA-21expression levels were associated with poor response to treatment (median; 
14.22), compared to its levels in patients with PR (median; 11.56) and in patients who 
achieved CR (median; 7.41) with the result showing borderline statistical significance 
(chi square = 5.708 , p = 0.058).  
• MiRNA-21 expression in HCV positive versus HCV negative DLBCL patients. 

A Significantly higher serum miRNA-21 was detected in DLBCL patients with HCV 
infection (n = 10, 8.11 to 38.58, median; 12.73) compared to patients without HCV in-
fection (n = 20, 3.03 to 15.67, median; 7.235) (U = 26.00, p = 0.001). 
• Comparing miRNA-21 expression levels in four groups; DLBCL HCV positive 

cases, DLBCL HCV negative cases, HCV positive control & HCV negative con-
trol groups. 

In HCV positive DLBCL cases (n = 10) miRNA-21 showed the highest expression 
levels (8.11 to 38.58, median; 12.73). Lower levels were detected in HCV negative 
DLBCL cases (n = 20, 3.03 to 15.67, median; 7.235) and in HCV positive control (n = 
10, 1.41 to 22.47, median; 6.515). In HCV negative control (n = 10) miRNA-21 showed 
the lowest levels (0.7 to 1.87, median; 1.0135). A highly statistically significant differ-
ence in miRNA-21 expression was detected between the four groups (chi square = 
29.460, p = 0.000) (Figure 6). 
• In HCV positive DLBCL, serum miRNA-21 was correlated with different pa-

rameters of prognostic significance, including:  
IPI, stage, ECOG PS, Viral load, SGOT, SGPT, total and direct bilirubin, albumin 

and HCV prognostic score. Only the disease stage showed statistically significant cor-
relation with miRNA-21 (rs = 0.694, p value = 0.026) while all other parameters; IPI, 
ECOG PS, viral load, total bilirubin, direct bilirubin, SGOT, and SGPT showed positive 
correlation with miRNA-21 level which failed to reach statistical significance. Serum 
albumin showed negative correlation with miRNA-21 which failed to reach statistical 
significance (Table 4). 
• MiRNA-21 expression levels compared in HCV positive GCB and ABC patients.  
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Figure 6. Comparison of miRNA-21 levels in sera of; HCV positive DLBCL patients, HCV negative 
DLBCL patients, HCV positive controls & HCV negative controls. Highest levels of miRNA-21 
were detected in HCV positive DLBCL patients (n = 10), followed by HCV negative DLBCL (n = 
20), then HCV positive pathological controls (n = 10), with the lowest levels being detected in HCV 
negative controls (n = 10). The band inside each box plot is the median. The outlier’s samples (those 
whose expression extends beyond 1.5 times the interquartile range) are represented as dots: the 
white dots are the middle outlier while the black stars are the extreme outlier. 

 
Table 4. Correlations between serum miRNA-21expression and markers of clinical and prognostic 
influence in HCV positive DLBCL cases. 

Parameter 
Serum miRNA-21 HCV positive DLBCL 

rs p 

IPI 0.343 0.332 

Stage 0.694 0.026* 

ECOG PS 0.224 0.534 

Viral load 0.547 0.102 

SGOT 0.248 0.489 

SGPT 0.152 0.676 

Total Bilirubin 0.122 0.736 

Direct Bilirubin 0.248 0.224 

Albumin −0.535 0.489 

rs: Spearman rho correlation coefficient. *: Significant correlation. 

 
Higher levels of miRNA-21 were detected in HCV positive ABC DLBCL patients (n = 

7, 11.03 to 38.58, median; 14.62) compared to GCB patients. (n = 3, 8.11 to 11.63, me-
dian; 10.2) with borderline statistical significance (U = 2.000, p = 0.058). 
• Serum miRNA-21 expression levels compared in HCV positive DLBCL cases in 

relation to response to treatment. 
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Patients with no response to therapy (n = 3) expressed the highest serum miRNA-21 
levels which ranged from 10.20 to 38.58 with a median of 30.48. In patients who 
achieved CR (n = 4) miRNA-21 level ranged from 8.11 to 13.83 with a median of 11.36, 
while, in patients who achieved PR (n = 3) miRNA-21 ranged from 11.56 to 22.78 with 
a median of 14.62. The difference in miRNA-21 expression between the three groups 
was not statistically significant (Chi square = 2.300, p = 0.317).  
• MiRNA-21 level in control group. 

Serum miRNA-21 expression levels were compared in HCV positive and HCV nega-
tive control groups. Significantly higher levels were detected in HCV positive controls 
(n = 10, 1.41 to 22.47, median; 6.515) compared to HCV negative controls (n = 10, 0.7 
to 1.87, median 1.0135). (U = 3.000, p value = 0.000). 

In HCV positive controls, serum miRNA-21 level was correlated with a number of 
parameters; viral load, SGOT, SGPT, ALP, total bilirubin, direct bilirubin, prothrombin 
activity and albumin using spearman’s correlation test. MiRNA-21 level showed statis-
tically significant positive correlation with SGOT (rs = 0.636, p = 0.048), SGPT(rs = 
0.685, p = 0.029), ALP( rs = 0.636, p = 0.048), total bilirubin (rs = 0.790, p = 0.007), di-
rect bilirubin ( rs = 0.766, p = 0.010) and the viral load (rs = 0.891, p = 0.001). A statisti-
cally significant negative correlation between miRNA-21 and serum albumin was de-
tected (rs = −0.827, p = 0.003). Prothrombin activity showed a negative correlation with 
miRNA-21 that didn’t reach statistical significance (rs = −0.283, p = 0.428) (Table 5). 
• Survival analysis. 

OS and PFS of DLBCL patients (n = 30) were calculated using Kaplan Meier survival 
curve. Total number of deaths from randomization till 24 month was 8 cases (26.67%) 
and OS was 73.3%, while total number of cases with disease progression or death from 
randomization till 24 month was 16 cases (53.33%) with a PFS of 46.67%. At 24 months 
follow up, ABC DLBCL patients showed worse OS (61.1%) than GCB patients (91.7%), 
but the difference was not statistically significant (chi square Log Rank = 3.057, p = 
0.080). Similarly, ABC subtype showed worse PFS (33.33%) compared to GCB subtype 
(66.67%) and difference was not statistically significant (chi square Log Rank = 2.975, p 
= 0.085). 

 
Table 5. Correlations between serum miRNA-21 levels and hepatic parameters in HCV positive 
control group. 

Parameter 
Serum miRNA-21 HCV positive control 

rs p 

Viral load 0.891 0.001* 

SGOT 0.636 0.048* 

SGPT 0.685 0.029* 

ALP 0.636 0.048* 

Total Bilirubin 0.79 0.007* 

Direct Bilirubin 0.766 0.010* 

Prothrombin activity −0.283 0.428 

Albumin −0.827 0.003* 

rs: Spearman rho correlation coefficient. *: Significant correlation. 
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Using the median of serum miRNA-21, DLBCL patients were allocated into two 
groups. Patients with miRNA-21 level higher than median were assigned to the high- 
expression group, while those with levels lower than median were allocated to the low- 
expression group. Higher expression levels of miRNA-21 were associated with signifi-
cantly worse 24 months OS (53.33%) compared to lower expression levels (93.33%), 
(chi square Log Rank = 5.703, p = 0.017). Similarly, higher expression levels of miRNA-21 
were associated with significantly worse 24 months PFS (26.67%) compared to lower 
expression levels (73.33%) (chi squareLog Rank = 8.869, p = 0.003) (Figure 7). 

In HCV positive DLBCL cases (n = 10) at 24 month follow up, OS was 80% and PFS 
was 40%. In HCV negative DLBCL cases (n = 20), OS was 70%, while the PFS was 50%. 
Survival rates didn’t differ between HCV positive and HCV negative DLBCL cases; OS 
(chi squareLog Rank = 0.282, p = 0.596) and PFS (chi squareLog Rank = 0.037, p = 0.848). 

4. Discussion 

MiRNA-21 is one of the most frequently studied cancer related miRNAs [21]. In the 
field of hematological malignancies the prognostic impact of miRNA-21 has been eva-
luated in various leukemias and lymphomas. Acting as an oncogene, elevated miRNA-21  
 

 
Figure 7. The impact of miRNA-21 expression on survival of DLBCL patients. Kaplan Meier survival curves showing (A) OS and (B) PFS 
were compared by univariate (log rank) analysis. MiRNA-21 expression levels in patients (n = 30) were defined as high or low relative to 
the median. Higher levels were associated with worse prognosis in terms of OS and PFS in DLBCL patients. 
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alone was found to be sufficient to induce a pre-B malignant lymphoid-like phenotype 
in animal models, and its ongoing expression was essential to maintain the tumor phe-
notype [22]. 

MiRNA-21 has been considered a negative prognostic biomarker, being associated 
with tumor aggressiveness and poor outcome [21]. The prognostic value of miRNA-21 
and its role in predicting the response to treatment and survival in DLBCL with its two 
molecular subtypes have been evaluated in the current study, which displayed a higher 
miRNA-21 over-expression in DLBCL patients (3.03 to 38.53, median; 9.32) compared 
to controls (0.7 to 22.47 median; 1.44) with as statistically significant result. Similarly, a 
higher serum miRNA-21 level was detected in patients with ABC sub-type (5.82 to 
38.58, median; 11.44) compared to GCB sub-type (3.03 to 11.63, median; 5.67) with a 
statistically significant difference between the two groups. This finding coincides with 
the results of Lawrie CH et al. (2008) [10], Chen W et al. (2014) [9], Li J et al. (2015) 
[16] who studied miRNA-21 expression in sera of DLBCL patients as well as the results 
of Li CH et al. (2014) [23], Fu R et al. (2014) [24], and Zajdel M et al. (2015) [25] who 
studied the expression of the same miRNA on paraffin embedded tissue specimens.  

MiRNA-21 expression was compared in relation to immunohistochemical markers 
of DLBCL. A significantly higher miRNA-21 expression was detected in cases negative 
for BCL6 compared to cases which express BCL6. Similarly, a significantly higher 
miRNA-21 expression was detected in CD10 negative, as well as MUM1 positive cases, 
compared to CD10 positive and MUM1 negative groups. Comparing miRNA-21 ex-
pression in relation to BCL2, higher levels were detected in cases positive for BCL2 
compared BCL2 negative cases, but the result didn’t reach statistical significance.  

Regarding the prognostic value of miRNA-21 in DLBCL, we found that higher 
miRNA-21 expression levels were associated with poor response to chemotherapy, with 
a statistically significant result. Serum miRNA-21 in patients who achieved CR showed 
moderate over expression (median; 6.44). In contrast, in patients who failed to respond 
to treatment miRNA-21 level disclosed marked over expression (11.845). Higher ex-
pression levels were associated with a significantly worse OS and PFS. Patients with 
lower miRNA-21 over-expression showed an OS of 93.33%, while patients with higher 
levels showed an OS of 53.33%. Similarly, patients with lower miRNA-21 over expres-
sion showed a PFS of 73.33% while in patients with higher levels PFS was 20%.  

Our results coincides with the results reported by Li J (2015) [16], confirming the 
worse overall survival associated with higher expression of miRNA-21. In contradiction 
with the current results, Lawrie CH et al. (2008) [10] as well as Chen W (2014) [9] re-
ported that higher expression levels of miRNA-21 in sera of DLBCL patient were found 
to be associated with improved PFS. The study of Munch-Peterson HD et al. (2015) re-
vealed that miRNA-21 detection in cases of DLBCL did not add prognostic information 
and that it acts mainly as an inflammatory marker expressed by the bystander cells [26]. 
On the other hand, Roehle A et al., (2008) reported that a poor OS in DLBCL patients 
was most strongly correlated with down regulated expression of miRNA-21 [27]. 

In addition, the present study also disclosed significant correlations between miR-
NA-21 and some of the well-known markers of clinical and prognostic implications in 
DLBCL. Statistically significant positive correlations were detected between serum 
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miRNA-21 and serum LDH, IPI and the disease stage. Correlations between miRNA-21 
and the age, ESR and ECOG PS were not statistically significant. In GCB-DLBCL cases, 
miRNA-21 expression didn’t show a significant difference between early (I/II) and ad-
vanced (III/IV) disease stage. On the other hand, in ABC-DLBCL cases statistically sig-
nificant higher miRNA-21 levels were detected in advanced disease stage compared to 
early disease stage. This is in agreement with Li CH et al. (2014) [23] who reported a 
positive correlation between miRNA-21 expression levels and serum LDH as well as the 
Ann Arbor stage, with a higher miRNA-21 level in stage III-IV compared to stage I-II. 
Li J et al. (2015) reported [16] a significantly positive correlation between serum miR-
NA-21 level and the IPI, which coincides with the current results. In contrast, Lawrie 
C’s study (2008) [10] didn’t reveal any significant correlations between miRNA-21 le-
vels and clinicopathological features of the DLBCL patients; including the IPI and dis-
ease stage, while Chen W et al. (2014) [9] reported that serum miRNA-21 levels in 
DLBCL patients in stage I and II were significantly higher than those patients in stage 
III and IV in both subtypes.  

Moreover, in the present study we performed a detailed assessment of the differential 
expression of miRNA-21 in the two molecular subtypes of DLBCL and correlated it 
with clinical findings as well as markers of prognostic significance in each subtype. In 
GCB cases, a higher miRNA-21 was detected in BCL2 positive cases than BCL2 negative 
cases but the difference didn’t reach statistical significance. In ABC like DLBCL cases, 
miRNA-21 was almost the same in BCL2 positive and negative cases There was no sig-
nificant difference in miRNA-21 expression in cases presenting with B symptoms and 
cases with evidence of BM infiltration compared to cases without such findings in each 
sub-type. MiRNA-21 over-expression was higher in GCB patients with ECOG PS ≥ 2 
than in cases with ECOG 0-1 but the difference was not statistically significant, while in 
ABC patients the levels were almost the same in both ECOG PS sub-groups.  

A higher miRNA-21 level was detected in ABC cases with advanced stage (III/IV) 
than in cases with early stage (I/II) with statistical significance. In GCB-DLBCL cases 
miRNA-21 levels in advanced stage (III/IV) were quite similar to its levels in early stage 
(I/II). Comparing miRNA-21 level between different IPI scores in GCB and ABC sub-
groups, we found no statistically significant difference in either sub-groups. 

In addition, we found that higher miRNA-21 expression was associated with poor 
response to treatment in each sub-type of DLBCL, with the highest levels being detected 
in patients with no response (GCB; median 7.46 and ABC; 14.22) and the lowest level 
being detected in patients with CR ( GCB; median 4.76 and ABC; 7.41). The difference 
was not statistically significant in GCB sub-type but showed borderline statistical signi-
ficance in ABC sub-type. Though in most of the examined parameters ABC sub-type 
was associated with worse prognosis, failure to reach statistical significance may be at-
tributed to small sample size. 

Over the past two decades there has been a large sum of published studies from dif-
ferent regions on the association between HCV and lymphomas [28]. Multiple studies 
also investigated the relation between miRNA expression and chronic HCV infection, 
hepatic fibrosis and cirrhosis [29] [30]. However, regarding the expression of miR-
NA-21 in HCV associated DLBCL to our knowledge there is no existing data so far. In 
the present study, we investigated the relation between HCV infection and serum 
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miRNA-21 expression in DLBCL. Correlations between miRNA-21 and different he-
patic parameters in HCV positive patients as well as HCV positive controls were also 
analyzed. 

We compared serum miRNA-21 level in 4 groups; HCV positive DLBCL patients, 
HCV negative DLBC patients, HCV positive pathological controls and HCV negative 
healthy controls. A highly statistically significant difference in miRNA-21 expression 
was detected between the four groups, with the highest expression level being detected 
in HCV positive lymphoma patients (median; 12.73). Lower levels were detected in 
HCV negative lymphoma patients (median; 7.235) and HCV positive pathological con-
trols (median; 6.515) with the lowest level being detected in HCV negative healthy con-
trols (median; 1.0135). 

In HCV positive DLBCL serum miRNA-21 was correlated with different hepatic pa-
rameters. Only the disease stage showed statistically significant positive correlation with 
miRNA-21 while all other parameters; IPI, ECOG PS, viral load, total bilirubin, direct 
bilirubin, SGOT, SGPT and HCV prognostic score showed positive correlation with 
miRNA-21 level which failed to reach statistical significance. Serum albumin showed a 
negative correlation with miRNA-21 which also failed to reach statistical significance. 
Regarding the differential expression of miRNA-21 in the two molecular sub-types in 
HCV associated DLBCL, higher miRNA-21 levels were detected in HCV positive ABC 
sub-type (median; 14.62) compared to GCB sub-type (median; 10.2), with the result 
showing borderline statistical significance. 

Serum miRNA-21 in HCV patients who achieved CR (40%) ranged from 8.11 to 
13.83 with a median of 11.36, while, in PR group (30%) it ranged from 11.56 to 22.78 
with a median of 14.62 and in the patients who showed no response (30%) it ranged 
from 10.20 to 38.58 with a median of 30.48. Higher miRNA-21 expression levels were 
associated with poor response to treatment; however the result didn’t reach statistical 
significance. Regarding the 2 years survival analysis, in HCV positive DLBCL cases, the 
OS was 80% and PFS was 40%, while in the HCV negative DLBCL cases the OS was 
70% and PFS of 50% with no significant difference between the two groups. Failure to 
achieve statistical significance in most of the correlation of miRNA-21 in HCV positive 
DLBCL patients may be attributed to small sample size. 

The expression levels of miRNA-21 in sera of HCV positive subjects without lym-
phoma, compared to its levels in sera of HCV negative completely healthy controls was 
compared in the current study in an attempt to display the clinical impact and progno-
sis of miRNA-21 expression as a marker of necro-inflammation, in such category of pa-
tients with one of the most common endemic health issues in our country; Egypt. The 
results revealed a significantly higher serum miRNA-21 in HCV positive pathological 
controls (median; 6.515) compared to HCV negative controls (median; 1.0135). Serum 
miRNA-21 in HCV positive controls showed significant positive correlations with 
SGOT, SGPT, and viral load, ALP, total bilirubin and direct bilirubin. Significant nega-
tive correlation between miRNA-21 and serum albumin was also detected. 

Our findings coincide with the results of the study performed at Lowa University by 
Marquez RT and colleagues [29], who reported that miRNA-21 was significantly ele-
vated in HCV positive liver biopsies, compared to HCV negative samples and that 
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miRNA-21 positively correlated with liver transaminases and viral load but not the ge-
notype or age. Similar results were reported by Bihrer V et al. (2011) [31] who demon-
strated that miRNA-21 level was increased in sera of patients with chronic HCV infec-
tion compared to control and positively correlated with ALT, AST, total bilirubin, INR, 
and γ-glutamyltransferase with statistical significance and negatively correlated with 
serum albumin level. In contradiction, with the current results, the study of Cermelli S 
et al. (2011) [32] displayed that no significant correlations between miRNA-21 and se-
rum transaminases, the fibrotic stage, the degree of inflammatory activity and HCV 
viral load could be detected.  

In a recent study conducted in Egypt, Harfoush R, et al. (2016) [33] reported a statis-
tically significant elevation in expression of miRNA-21 in plasma of chronic non cirr-
hotic HCV patients in comparison to cirrhotic HCV and to HCC groups as well as 
healthy controls. The investigators reported that miRNA-21showed a significant fold 
decrease in cirrhotic and HCC groups and suggested that serum miRNA-21 level may 
initially rise following release from inflamed hepatocytes in HCV infection followed by 
a drop in its levels with fibrosis progression due to hepatocyte loss and accumulation of 
extracellular matrix. In contradiction with the current study, as well as Bihrer V and 
Marquez RT’s studies, the investigators reported significantly positive correlations be-
tween miRNA-21 levels and serum albumin as well as prothrombin activity, and signif-
icantly negative correlations with ALT, AST, total bilirubin, and ALP levels. There was 
no correlation between the concentrations of miRNA-21 and HCV viral load, which 
contradicts with the current results. We recommend further research in that field on a 
larger scale of HCV patients, considering detailed analysis of the relation of miRNA-21 
expression with the degree of necro-inflammation and the stages of hepatic cirrhosis. 

5. Conclusion 

In summary our results suggest that miRNA-21 is a marker of diagnostic and prognos-
tic relevance in DLBCL, with its two molecular subtypes. MiRNA-21 was overexpressed 
in DLBCL patients with higher levels detected in ABC patients compared to GCB pa-
tients. Higher miRNA-21 levels were associated with poor response to treatment and a 
worse 2-year OS and PFS in DLBCL. To our knowledge, the present study is the first to 
investigate the expression of miRNA-21 in HCV related DLBCL. Higher miRNA-21 le-
vels were detected in HCV positive DLBCL patients compared to HCV negative DLBCL 
patients as well as controls with HCV infection and healthy controls. Higher levels were 
also detected in HCV positive ABC DLBCL patients compared to GCB sub-type. Hence 
our study shows that miRNA-21 is a potential marker of necro-inflammation in addi-
tion to its role in tumorogenesis. We hope that the current results would be a starting 
point for more research in circulating miRNAs on larger samples of patients with HCV 
associated DLBCL. 
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Abstract 
This study was designed to investigate the effects of dietary oregano essential oils on 
150 30-week-old Hy-Line Layers’ productive performance, egg quality characteris-
tics, cecal microbiota, digestive enzyme activities, mucosa structure of the duodenum 
and jejunum and glucose and small peptides transporters expression in the duode-
num and jejunum. All hens were allocated into one of five different groups: negative 
control (NC; basal diet only), antibiotics control (CS; basal diet plus 100 mg/kg of 
10% colistin sulfate) and treatments I, II, and III (basal diet supplemented with 50, 
100 and 150 mg/kg oregano essential oils, respectively). The results showed that the 
laying rate, average egg weight, feed conversion ratio and the activities of amylase 
and trypsin were significantly improved by a diet supplemented with 100 mg/kg 
oregano essential oils (P < 0.01). The addition of oregano essential oils increased the 
number of intestinal Bifidobacterium and Lactobacillus significantly (P < 0.01), 
whereas the number of intestinal Escherichia coli and Salmonella was significantly (P 
< 0.01) decreased. The addition of 100 mg/kg oregano essential oils increased duo-
denum villus height (P > 0.05), significantly increased duodenum villus-height-to- 
crypt-depth ratios (P < 0.01) and decreased crypt depth in the duodenum (P < 0.05). 
Furthermore, the glucose transporter 2 (GLUT2), peptide transporter 1 (PepT1) and 
sodium-glucose cotransporter 1 (SGLT1) gene expression levels in the duodenum 
and jejunum were significantly increased in laying hens on a diet supplemented with 
100 mg/kg oregano essential oils (P < 0.01). However, egg weight, relative eggshell 
weight, yolk index and Haugh unit value were not significantly affected by the addi-
tion of oregano essential oils (P > 0.05). 
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1. Introduction 

It has been widely recognized that the presence of intestinal diseases, such as bacterial 
and viral infections, imbalances of the gut flora and coccidiosis, can affect nutrient uti-
lization adversely and reduce the production performance of laying hens. To prevent 
intestinal diseases and improve production performance, a variety of feed additives, es-
pecially antibiotics, have been widely used in the poultry industry for several decades. 
The use of antibiotics in poultry feed has led to growing concern about drug residues 
and the development of antimicrobial resistance [1] [2]. Since the implementation of a 
complete ban on antibiotic feed additives by the European Union in 2006, finding suit-
able alternatives to antibiotics has become more important [3]. The alternatives most 
frequently used as feed additives for increasing performance and general health are 
prebiotics, probiotics, organic acids and phytogenic additives. Phytogenic additives, 
which are found in a wide variety of plants, spices and their derivatives, positively affect 
the quality of products, production performance and animal health and have been rec-
ognized as safe in the food industry [3]. 

Oregano (Origanum vulgare L.) essential oils, a phytogenic additive, are an aromatic 
plant that is indigenous to the Mediterranean region. It has been reported that oregano 
essential oils has many diverse biological activities in vitro and in vivo, including anti-
microbial, antioxidant and antifungal effects, which mainly depended on the carvacrol 
and thymol compositions [4] [5] [6] [7]. Several in vivo studies on intestinal digestion 
have been conducted on the performance, cecal flora, digestive enzyme activities and 
intestinal morphology of poultry with oregano essential oils or combinations [8] [9] 
[10] [11], but the results have been variable and incomplete. Roofchaee found that OEO 
(oregano essential oil) exerted growth promoting effects and also displayed potent an-
tibacterial effects against cecal E. coli. [8]. Hashemipour discovered that feed supple-
mentation with thymol and carvacrol has a positive effect on broilers. It enhanced per-
formance, increased antioxidant enzyme activities, retarded lipid oxidation, and en-
hanced digestive enzyme activities [9]. Radwan also found that oregano or thyme at 
1.0% can improve productive performance [11]. The effects and mechanisms of orega-
no essential oils on intestinal digestive and absorption functions in laying hens have not 
been thoroughly investigated. Therefore, this study was conducted to investigate the ef-
fects of oregano essential oils as a laying hen feed supplement on the production per-
formance, egg quality, cecal flora, morphological parameters, intestinal digestive en-
zyme activities and nutrition transport. 

2. Materials and Methods  
2.1. Animals, Housing and Diets  

Experiments were conducted in accordance with the guiding principles in the use of 
animals adopted by the Chinese Association for Laboratory Animal Sciences. The study 
protocol was approved by the Ethics Committee on the Use and Care of Animals, Hei-
longjiang Bayi Agricultural University (Daqing, China). One hundred and fifty 30- 
week-old Hy-Line Layers were purchased from a local poultry farm, at the peak egg 
production period, and were housed alone in cages. The hens were randomly divided 
into five dietary treatments with thirty replicates. The hens were raised in a naturally 
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ventilated, open-side experimental house, and the environmental temperature of the 
room ranged from 20˚C to 27˚C. The relative humidity was between 45% and 60%, 
with 16 hours of light from 6 am to 10 pm, which followed the commercial recommen-
dations. 

The experiment lasted for 49 days after a 7-day adaptation period. The ingredient 
and nutrient levels of the basal diet present in Table 1 met the NRC recommendations 
(NRC, 1994). All hens were allocated into one of five different groups: negative control 
(NC; basal diet only), antibiotics control (CS; basal diet plus 100 mg/kg of 10% colistin 
sulfate) and treatments I, II, and III (basal diet supplemented with 50, 100 and 150 
mg/kg oregano essential oils, respectively). The oregano essential oils components were 
identified by gas chromatography/mass spectrometry (GC/MS), and analysis by GC/MS 
with a chromatograph interfaced to a mass spectrometer (HP 5971, USA), present on 
Table 2. It is yellow fine granules which is packaged with microcapsule. The hens were 
quantitatively fed two times a day at the same time with free access to feed and water. 
All kinds of feed supplements used in the experiment were homogenously incorporated 
into the feed mixture in the feed mill. 
 
Table 1. Ingredients and nutrient levels of the basal diet (air dry basis, %). 

Items Content 

Ingredients  

Corn 61.52 

Soybean meal 18.86 

Cottonseed meal 6.29 

Soybean oils 1.01 

Limestone 8.43 

NaCl 0.47 

Lysine 0.03 

DL-Methionine 0.40 

Choline chloride (50%) 0.28 

CaHPO4 1.71 

Premixa 1.00 

Total 100.00 

Nutrient levels  

Metabolic energy/(MJ/kg) 2.79 

Crude protein 15.9 

Total phosphorus 0.62 

Available phosphorus 0.40 

Methionine + Cysteine 0.63 

Methionine 0.39 

Lysine 0.71 

Calcium 3.49 

aThe premix provides per kilogram of diet: Cu 5.00 mg; Fe 69.00 mg; Zn 84.00 mg; Mn 9816 mg; I 1.14 mg; Se 0.30 
mg; VA 15,000 IU; VD 33,000 IU; VE 25.5 mg; VK 32.1 mg; VB1 2.4 mg; VB2 9 mg; VB6 5.1 mg; VB12 0.02 mg; cal-
cium pantothenate 12 mg; niacin 48 mg; folic acid 1.2 mg; biotin 0.06 mg; roxarsone 50 mg; salinomycin 90 mg. 
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Table 2. Composition of essential oils of oregano obtained by GC/MS. 

Constituent Yield (%) 

α-Pinene 0.32 

β-Pinene 0.15 

β-Myrcene 1.27 

α-Thujene 0.79 

Camphene 0.33 

α-Terpinene 1.01 

γ-Terpinene 1.17 

D-Limonene 0.21 

Terpinen 0.15 

Methyl thymyl ether 0.72 

Myristicacid 0.54 

2-Isopropyholuene 1.38 

2-Carene 0.59 

Caryophyllene 3.70 

Germacrene D 0.26 

α-Farnesene 0.96 

Sabinene 0.58 

cis-β-Terpinene 0.49 

Thymol 7.29 

Terpinolene 0.17 

δ-Cadinene 0.12 

3-Octanol 0.23 

p-Cymene 3.90 

Carvacrol 73.06 

Borneol 0.27 

2.2. Productive Performance and Egg Quality 

During the trial, egg production and egg weight (EW) were recorded daily by replicate, 
and egg conversion was calculated. Feed intake was recorded weekly, and egg mass, egg 
production, and feed conversion ratio (grams of feed consumed per grams of egg pro-
duced, FCR) were calculated. Deaths were recorded when they occurred.  

On the last week of trial, 30 eggs were randomly collected from each replicate to de-
termine the egg shape index, yolk index, yolk ratio, eggshell ratio and Haugh units [12]. 
Initially, the egg samples were weighed individually, and were stored at 4˚C. Afterward, 
the egg quality parameters were calculated using routine methods. 

2.3. Collection of Samples 

At the end of the experiment (49 d), 6 hens per treatment (2 hens per replicate) were 
randomly selected and euthanized by cervical dislocation. Then, the whole intestinal 
tract was immediately excised and put in sterile bags, placed on ice to take to the labor-
atory for further sampling. 
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2.4. Microbial Analysis 

The two ceca were longitudinally opened using a pair of sterile scissors, and digesta 
samples (1 g) were collected after both ceca were cut down. The samples were serially 
diluted from 10-1 to 10-7 in sterilized physiological saline solution. Selective agar media 
was used for enumeration of Escherichia coli (MacConkey Agar, Hopebio, Qingdao, 
China), Salmonella (Salmonella Shigella Agar, Hopebio, Qingdao, China), Lactobacillus 
(Lactobacillus Selection, Hopebio, Qingdao, China), and Bifidobacterium (Bismuth 
Sulfite Agar, Hopebio, Qingdao, China) by conventional microbiological techniques. 
Briefly, triplicate plates were inoculated with 1 mL samples, and three suitable dilutions 
were plated for each medium. Escherichia coli and Salmonella were enumerated on 
agar after aerobic incubation at 37˚C for 18 - 24 h. Lactobacillus and Bifidobacterium 
were enumerated after anaerobic chamber incubation at 37˚C for 48 h. In addition, the 
numbers of colony-forming units in the duplicate plates were averaged. The cecal con-
tents were denoted as base 10 log colony-forming units per gram (cfu/g). 

2.5. Digestive Enzymes Activity Assay 

The intestinal digesta samples were collected by scraping the tract gently and weighed. 
Then, the digesta samples were immediately placed into liquid nitrogen and stored at 
−80˚C until further analysis. Thawed digesta samples were diluted 10× using ice cold 
PBS (pH 7.0) based on the sample weight. After being fully homogenized, the samples 
were centrifuged at 2500 rpm for 8 - 10 min, and the supernatants were stored at −20˚C 
for enzyme assays.  

Amylase, lipase and trypsin activity were detected with commercial kits (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China) via spectrophotometry (UV- 
2102C, UNICO, Shanghai, China), a simplified turbidimetric assay and ethyl N-ben- 
zoyl-L-argininate hydrochloride (BAEE) as a substrate were performed according to the 
manufacturer’s instructions, respectively. Enzyme activity was described using enzy-
matic activity units (U) per gram. 

2.6. Intestinal Morphology 

Segments (1 cm) of the duodenum (from the gizzard to pancreatic), jejunum (between 
the entry point of bile ducts and Meckel’s diverticulum) and ileum (5 cm proximal to 
the ileocecal junction) were all removed from the whole intestinal tract. The samples 
were fixed in 4% formalin after washing with cold physiological saline. Each sample was 
embedded in paraffin wax, and tissue sections (5 μm) were cut before staining with 
hematoxylin and eosin, and villus height (from the tip to the villus crypt junction) and 
crypt depth (from the valley between adjacent villi to the basolateral membrane) were 
examined by optical microscopy with a digital video camera (B5 Digital, Motic, Xia-
men, China). Morphological indices were measured using stereological image software 
(Med6.0, Motic, Xiamen, China). And morphological indices data were analyzed with 
SPSS 17.0 software. 

2.7. Real-Time PCR 

Segments of the duodenum and jejunum were opened longitudinally and rinsed with 
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ice cold normal saline, scraped with glass slides, the intestinal mucosa frozen in liquid 
nitrogen, and stored at −80˚C. Total RNA was extracted from intestinal tissues using a 
QIAGEN RNeasy Mini Kit (Hilden, Germany), according to the manufacturer’s in-
structions. The purity and concentration of the total RNA were measured at 260/280 
nm with a SmartSpecTMPlus Spectrophotometer (BIO-RAD, California, USA). The 
cDNA was synthesized from 1 μg of total RNA using a PrimeScript® RT Reagent Kit 
with gDNA Eraser (Takara, Dalian, China) according to the manufacturer’s protocols. 
The products (cDNA) were stored at −20˚C for RT-PCR. The specific primers for so-
dium-glucose cotransporter 1 (SGLT1), glucose transporter 2 (GLUT2), peptide trans-
porter 1 (PepT1) and β-actin(ACTB) were designed using Primer 5.0 (Table 3). PCR 
amplification was conducted, and the products were checked on 1% agarose gels, ex-
tracted, cloned into the pMD18-T vector (Takara) and sequenced. A standard curve 
was made of serially diluted plasmid by plotting threshold cycle values. RT-PCR was 
performed using SYBR® Premix Ex Taq™ (Takara) and 1 μL cDNA on a Line-gene K 
Real-Time PCR Detection System with software (Bioer Technology, Hangzhou, China) 
in 50 μL reactions. Thermal cycling was performed with the following conditions: 94˚C 
for 3 min and 45 cycles of 94˚C for 15 s, 57˚C for 30 s, and a final step of 72˚C for 20 s. 
Each sample was measured for three replicates and normalized by using β-actin. The 
samples’ copy number was calculated by interpolating the threshold cycle values with 
the standard curve. 

2.8. Statistical Analysis 

All data were analyzed with SPSS 17.0 software (SPSS Inc, Chicago, IL, USA). The sta-
tistically significant differences in treatment means were evaluated using one-way 
ANOVA, and a multiple comparison (Duncan)test was conducted with significant 
treatment means. P < 0.05 was considered as the significant level and P < 0.01 as ex-
tremely significant. Values are expressed as the means ± standard deviation. 

3. Results 
3.1. Production Performance 

The effects of oregano essential oils supplementation in the diet of laying hens on the 
production performance of five different groups (NC, CS, I, II and III) are presented in  
 
Table 3. List of primers used for real-time PCR. 

Target 
Accession 

No. 
Primer sequence (5’-3’) Amplicon length (bp) 

SGLT1 XM_415247 
F: CCTGGAATGATCAGCCGAAT 

R: ACCTCGTAGACCATTTGGCATAA 
150 bp 

GLUT2 NM_207178 
F: GGCGTTGGAGTGGTGAACAC 

R: GAACTGGCTCAGGAGCACAAG 
150 bp 

PepT1 AY029615 
F: CCCCAATTCTCAGAGCTCAAGA 
R: TGCCTTGCGGTTGAACTTTT 

150 bp 

ACTB NM205518 
F: GTTGACAATGGCTCCGGTAT 
R: TGGGCTTCATCACCAACGTA 

150 bp 
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Table 4. The addition of 100 mg/kg oregano essential oils significantly increased the 
laying rate (P < 0.01), average egg weight, and improved feed conversion ratio (P < 
0.01) compared with the NC and CS groups. However, the daily intake was statistically 
similar among dietary treatments (P > 0.05). Morbidity and mortality were nil in all 
treatments. 

3.2. Egg Quality 

Egg weight, eggshell ratio, yolk index and Haugh units were not influenced significantly 
by oregano treatments compared with the NC and CS groups (P > 0.05) (Table 5). 
However, 50 mg/kg oregano essential oils diet increased the percentage of yolk ratio 
and egg shape index (P < 0.05) compared with the CS group, but there was no signifi-
cant difference in oregano treatments compared with the NC group (P > 0.05). 

3.3. Cecal Microflora 

The results of cecal flora analysis are summarized in Table 6. In the cecal digesta, Bifi-
dobacterium and Lactobacillus counts were significantly (P < 0.01) increased for hens 
fed 100 mg/kg of oregano essential oils versus other groups, whereas Escherichia coli 
and Salmonella counts were significantly (P < 0.01) decreased, ever lower than in the 
CS group. The present study demonstrated that supplementation of oregano essential 
oils has a positive effect on intestinal microbiology. 
 
Table 4. Effect of oregano essential oils supplementation on performance of laying hens. 

Parameter 
Groups 

NC CS I II III 

Laying rate (%) 91.97 ± 3.35Bb 92.43 ± 2.51Bbc 94.50 ± 2.69ac 96.88 ± 1.55Aa 95.09 ± 1.48a 

Average egg weight (g) 61.11 ± 1.34b 60.14 ± 1.56Bab 62.65 ± 1.07Aab 63.23 ± 2.12Aa 61.66 ± 1.81ab 

Daily feed intake (g) 141.63 ± 3.98 141.98 ± 3.89 138.89 ± 4.58 141.29 ± 3.40 142.55 ± 2.19 

Feed conversion ratio  
(g feed/g egg) 

2.53 ± 0.17B 2.54 ± 0.12B 2.35 ± 0.12A 2.31 ± 0.12A 2.43 ± 0.10AB 

Values on the same line sharing a different superscript a, b, c are significantly different at P < 0.05. Values on the 
same line sharing a different superscript A, B, C, D are significantly different at P < 0.01. *NC (no treatment), CS 
(10% colistin sulfate, 100 mg/kg diet), I (oregano essential oils, 50 mg/kg diet), II (oregano essential oils, 100 mg/kg 
diet), and III (oregano essential oils, 150 mg/kg diet). Same as below. 

 
Table 5. Effect of oregano essential oils supplementation on egg quality parameters of laying 
hens. 

Parameter 
Groups 

NC CS I II III 

Egg weight (g) 64.18 ± 4.31ab 62.62 ± 5.98ab 60.90 ± 4.54a 65.75 ± 5.60b 64.34 ± 4.23ab 

Eggshell ratio (%) 9.86 ± 1.45 9.75 ± 0.78 10.22 ± 1.08 10.67 ± 1.79 10.43 ± 1.43 

Yolk ratio (%) 32.84 ± 1.38ab 31.37 ± 0.86bc 34.16 ± 3.33Aa 33.00 ± 2.93ab 30.42 ± 1.53Bc 

Egg shape index (%) 128.78 ± 0.06ab 126.89 ± 0.05b 132.67 ± 0.06a 130.56 ± 0.03ab 130.56 ± 0.04ab 

Yolk index (%) 41.40 ± 1.15 40.92 ± 10.88 41.28 ± 8.00 41.76 ± 3.56 43.68 ± 4.95 

Haugh units (%) 78.91 ± 2.15ab 80.37 ± 3.42ab 76.84 ± 1.31a 78.80 ± 2.39ab 81.79 ± 3.58b 
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Table 6. Effect of oregano essential oils supplementation on cecum flora of laying hens (cfu/g). 

Microflora 
Groups 

NC CS I II III 

Lactobacilli 6.09 ± 0.14CD 6.20 ± 0.16ADb 6.42 ± 0.11Aa 7.09 ± 0.11B 6.88 ± 0.05B 

Bifidobacteria 7.26 ± 0.09C 7.53 ± 0.12A 7.56 ± 0.07A 8.02 ± 0.15B 7.67 ± 0.08A 

Escherichia coli 7.02 ± 0.07C 6.39 ± 0.07Aa 6.40 ± 0.07Aa 6.21 ± 0.07Bb 6.25 ± 0.06ABb 

Salmonella 5.80 ± 0.12C 5.3 ± 0.10B 5.04 ± 0.06Aa 4.80 ± 0.08Ab 4.90 ± 0.10A 

3.4. Intestinal Morphology 

The morphology data indicated that the addition of 100 mg/kg oregano essential oils 
increased the villus height (P > 0.05) and villus-height-to-crypt-depth ratios (P < 0.01) 
in the duodenum compared with the NC group (Table 7). The duodenum crypt depth 
was decreased by 100 mg/kg oregano essential oils supplementation compared with the 
NC group. However, for the jejunum, after the addition of oregano essential oils, there 
was a slight effect on villus height, crypt depth or villus-height-to-crypt-depth ratios in 
comparison with the NC and CS groups (P > 0.05). 

3.5. Digestive Enzyme Activities 

The effects of oregano essential oils supplementation on intestinal digestive enzyme ac-
tivities in laying hens are shown in Table 8. The addition of 100 mg/kg oregano essen-
tial oils on hens produced a significant increase in the activities of amylase and trypsin 
relative to the NC group (P < 0.01), and amylase activity was higher (P < 0.05) in the 
group II than in the CS group. Lipase activity was slightly increased by dietary treat-
ments (P > 0.05). The results indicated that supplementation with oregano essential oils 
improved the activities of digestive enzyme activities and may improve the digestion of 
nutrients in the small intestine. 

3.6. Glucose and Peptide Transport Gene Expression 

The effect of oregano essential oils supplementation on GLUT2, PepT1 and SGLT1 
mRNA expression data are presented in Table 9. A significant increase (P < 0.01) in the 
GLUT2, PepT1 and SGLT1 gene expression could be observed in group II, which re-
ceived the diet containing 100 mg/kg oregano essential oils, in the duodenum and je-
junum. The increase in these parameters corresponds to an increase in nutrition ab-
sorption. 

4. Discussion 

Oregano essential oils has been developed as an antibiotic alternative in the poultry in-
dustry partly because of biological activities, such as antimicrobial, antioxidant, anti-
septic and antiparasitic activity. Some researchers have obtained positive results con-
cerning the efficacy of oregano essential oils on the performance in poultry, which is in 
agreement with our results. Radwan et al. have reported that the use of 1.0% oregano in 
the diet increased egg production and egg weight and improved feed conversion of 
hens [11]. Roofchaee et al. obtained a similar result in that dietary oregano essential oils 
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Table 7. Effect of oregano essential oils supplementation on the intestinal morphological para-
meters of laying hens. 

Parameters Groups 

 NC CS I II III 

Duodenum      

Villus height (µm) 385.99 ± 5.88 389.92 ± 4.27 386.94 ± 2.05 394.10 ± 4.36 393.30 ± 5.16 

Crypt depth (µm) 34.48 ± 0.47b 33.40 ± 0.98ab 33.35 ± 0.58ab 33.18 ± 0.37a 33.53 ± 0.60ab 

Villus height/crypt 
depth 

11.20 ± 0.28Bb 11.68 ± 0.39a 11.60 ± 0.15ab 11.88 ± 0.04Aab 11.73 ± 0.30a 

Jejunum      

Villus height (µm) 319.05 ± 3.17 322.02 ± 7.30 317.43 ± 5.97 330.99 ± 17.77 327.86 ± 8.80 

Crypt depth (µm) 29.52 ± 0.83 29.28 ± 0.68 29.04 ± 0.37 28.27 ± 0.94 28.60 ± 1.01 

Villus height/crypt 
depth 

10.81 ± 0.33 11.00 ± 0.33 10.93 ± 0.33 11.73 ± 0.96 11.47 ± 0.32 

 
Table 8. Effect of oregano essential oils supplementation on the digestive enzyme activities in the 
small intestinal contents of laying hens (U/mg protein). 

Enzyme 
Groups 

NC CS I II III 

Amylase 4.65 ± 0.10A 4.73 ± 0.16b 4.64 ± 0.08A 4.99 ± 0.13Ba 4.76 ± 0.14b 

Lipase 75.60 ± 0.46 75.62 ± 0.46 75.91 ± 0.35 76.11 ± 0.15 76.03 ± 0.17 

Trypsin 1964.26 ± 69.77A 2074.87 ± 94.68AB 1967.44 ± 47.54A 2160.10 ± 80.22B 2042.31 ± 71.41AB 

 
Table 9. Effect of oregano essential oils supplementation on the GLUT2, SGLT1, and PepT1 gene 
expression in the intestines of laying hens. 

Parameters 
Groups 

NC CS I II III 

1-Duodenum      

GLUT2 (AU) 1.00 ± 0.59Aa 1.56 ± 0.36Aac 2.05 ± 0.92Aac 6.02 ± 0.67B 2.33 ± 0.18Abc 

SGLT1 (AU) 1.00 ± 0.16Aa 3.08 ± 0.95CDb 1.90 ± 0.45ACa 6.19 ± 0.53B 3.36 ± 0.32Db 

PepT1 (AU) 1.00 ± 0.26Aa 3.56 ± 0.92Ca 1.55 ± 0.21Aa 7.18 ± 0.97B 3.91 ± 0.23Ca 

2-Jejunum      

GLUT2 (AU) 1.00 ± 0.40Aa 1.01 ± 0.33Aa 0.88 ± 0.35Aa 3.39 ± 0.22B 0.28 ± 0.04Ab 

SGLT1(AU) 1.00 ± 0.30Aa 1.28 ± 0.52a 0.47 ± 0.02Aa 2.35 ± 0.86Bb 1.28 ± 0.22a 

PepT1 (AU) 1.00 ± 0.25Aa 3.53 ± 0.67Ca 2.02 ± 0.29Ab 5.23 ± 0.66B 2.51 ± 0.68Cb 

 
significantly increased body weight and improved the feed conversion ratio of broiler 
chickens [8]. The beneficial effect of oregano essential oils may be attributed to the an-
timicrobial activity of phenolic compounds [13]. Lee et al. indicated that carvacrol, a 
component of essential oils, improved the FCR of broilers, and this could be connected 
with the increase of feed utilization efficiency [14]. Furthermore, Windisch et al. re-
ported that phytogenic compounds may specifically enhance the activities of digestive 
enzymes and nutrient absorption [3]. Therefore, dietary feeding of oregano essential 
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oils may improve the intestinal healthy and digestibility of the feeds and thus improve 
the performance of laying hens. 

Furthermore, it is important to consider that several phytogenic product feed addi-
tives have a potential impact on the intestinal microflora either directly or indirectly 
[15]. In the current study, oregano essential oils supplementation of diets demonstrated 
a beneficial effect on the gut flora of laying hens. These findings are in compliance with 
the previous reports [7] [16]. These researchers found that oregano had antibacterial 
activity against E. coli and Salmonella. The broad antimicrobial activity may be due to 
the presence of thymol and carvacrol, the major active components of oregano essential 
oils. Previous studies have indicated that the antibacterial mechanism of carvacrol and 
thymol may be similar in that they increase the permeability of the cytoplasmic mem-
brane by disrupting bacterial outer membranes, which leads to ATP leaking out of the 
cell. Carvacrol can also inhibit ATPase and thus be able to influence the proliferation of 
bacteria [17]. Moreover, carvacrol also has a stimulating effect on Lactobacillus prolife-
ration. In the present study, the dietary treatments also significantly increased the Lac-
tobacillus counts. 

In addition, it is reasonable to study digestive enzymes existing in the small intestine 
and pancreas to reveal the effects of oregano essential oils on digestive function, as ma-
jor nutrient digestive processes occur in these areas. It has been reported that the addi-
tion of essentialoilss including thymol, one of the main components of oregano essen-
tial oils, markedly increased the amylase activity in the intestinal digesta at d 21 in 
broilers [14]. Similar to our results, Jamroz et al. observed the use of plant extracts con-
taining carvacrol and other active substances enhanced the activities of pancreas 
α-amylase and α-amylase and lipase in the intestine tissues of older chickens [18]. Si-
milarly, Hashemipour et al. proved that carvacrol and thymol could increase intestinal 
trypsin and lipase activities in broilers at 24 d of age [19]. 

Data from the intestinal flora have demonstrated that oregano essential oils exerted a 
positive impact on Lactobacillus and Bifidobacterium in the cecum. Such changes in 
intestinal microbiology with oregano essential oils might contribute to the observed ef-
fects on digestive enzyme activities. Previous studies have reported that the Bifidobac-
terium and Lactobacillus colonizing the intestine can deliver enzymes, which then leads 
to increased digestive enzyme activity in the intestines [20]. Moreover, Hashemipour et 
al. also postulated that the use of phytogenic product would stimulate the secretion of 
intestinal digestive enzymes and enhance the digestion of nutrients under certain cir-
cumstances [19]. Therefore, the results reported here indicate that the addition of ore-
gano essential oils to the diet of laying hens enhanced intestinal digestive function. 

Both crypt depth and villous height are important indicators of chicken digestive 
health and related to the absorptive capacity of intestinal mucous membrane directly. 
Moreover, the villous: crypt ratio is likely an indicator of the digestive capacity of gut. Our 
results are in compliance with the research of Perić et al. who found that adding phyto-
genic additives in the diet of 42-day-old chickens resulted in an increase in the villous 
height [21]. Similarly, Betancourt et al. demonstrated that diet supplementation with 200 
ppm active essential O. vulgare L. resulted in a significant increase in villous height at 3 
days and slightly decreased crypt depth and increased the villous: crypt ratio in 7-day-old 
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chickens [22]. Our study revealed a significant increase of the villous: crypt ratio. These 
findings indicate that the addition of oregano essential oils to the diet of laying hens 
enhanced the digestive and absorptive capacity of the intestinal mucous membrane. 

The absorption of glucose is mediated by SGLT1, in a Na+-dependent manner, which 
transports glucose and galactose into the enterocyte [23]. In addition, the exit of glu-
cose, galactose and fructose across the basolateral membrane is facilitated by the trans-
porter GLUT2, which is dependent on the transmembrane concentration gradient [24]. 
PepT1 is the peptide transporter, which transports divides- and tripeptides into the cell. 
The PepT1 pathway is a major mechanism for the absorption of intestinal products of 
protein digestion. Gilbert demonstrated that gene expression of the nutrient transporter 
is responsive to various factors, including dietary manipulation, genetic selection, and 
developmental stage [25]. These strategies can be used to enhance nutrient utilization 
by improving dietary formulation, leading to improved chicken performance. Our 
study found that the addition of 100 mg/kg oregano essential oils resulted in a signifi-
cant increase in SGLT1, GLUT2 and PepT1 mRNA expression, which improved the 
glucose and protein absorption capacity. A previous study reported that long-term lu-
minal glucose exposure can increase SGLT1 activity in enterocytes and dipeptides 
themselves, presumably by stimulating gene expression of PepT1 to promote increased 
dipeptide transport [26]. Therefore, the increase in SGLT1, GLUT2 and PepT1 mRNA 
expression in the present study may be due to the increased concentration of glucose 
and peptide in the gut. Furthermore, the nutrition increase may be related to the im-
proved digestive enzyme activity and intestinal morphology. 

Colistin (polymyxin E) is a polymyxin antibiotic produced by certain strains of Pae-
nibacillus polymyxa var. colistinus. Recently, the researchers found evidence of trans-
ferable resistance to the polymyxin drug colistin in bacteria isolated from pig and poul-
try in China [27]. The Chinese government has launched a risk assessment on the use 
of colistin in animal feed and will limit or stop using polymixins in agriculture. Thus, 
we chose colistin as an antibiotic control. The results proved that dietary inclusion of 
oregano essential oils increased the laying performance and improved gut microflora, 
intestinal morphology and nutrient absorption in laying hens. Therefore, oregano es-
sential ilia an ideal herbal antibiotic alternative in the laying hens. 

5. Conclusion 

In conclusion, oregano essential oil enhanced average egg weight and feed efficiency on 
laying hens. And the additive increased the number of intestinal Bifidobacterium and 
Lactobacillus and the number of intestinal Escherichia coli and Salmonella decreased. 
Also the additive increased digestive enzyme activities and improved the intestinal 
morphology. Furthermore, the gene expression levels of GLUT2, PepT1 and SGLT1 in 
the duodenum and jejunum were significantly increased. Dietary inclusion of oregano 
essential oils increased the laying performance and improved nutrient absorption in 
laying hens. 
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