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The role of NF-Y in the regulation of zona pellucida genes 

Abstract  

Zona pellucida glycoproteins (ZP) are important proteins for maturation of the oocytes in 

eukaryotes, these proteins are encoded by cluster of zp genes. zp2.3 and zp3.5 genes are 

expressed during the developing and maturation of the oocytes in zebrafish ovaries. Both of 

the gens have a CCAAT box in their promoter regions, playing a big role in the expression of 

the both genes in zebrafish oocytes. The transcription of the genes in the eukaryotes requires 

transcription factors to initiate and promote the transcription, the transcription factors can 

bind to the promoter region and initiate the transcription process. The nuclear factor y (NFY) 

regulates the genes by binding to the CCAAT boxes in their promoter regions, it consist from 

many subunit such as NF-YA and NF-YB. Here in this study we characterize the expression 

pattern of NF-YA and NF-YB by screening these genes expression in several organs and 

tissues, also to determine its roles in the expression of the zp2.3 and zp3.5 genes in the adult 

zebrafish ovary. 
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Introduction 

      Understanding and studying the process and mechanisms that stand behind sex 

determination and differentiation is one of the cornerstones in vertebrate reproductive biology 

(Hayes, 1998).  Sexual determination refers to the genetic, environmental conditions and 

process that lead to determination of the sex, after the sex determination the sexual 

differentiation take place through developing the gonads (Sandra and Norma, 2010). Sex 

determination in eukaryotes is one of the most investigated and interesting topics in the 

evolutionary developmental biology. There are more than 24,000 species of fish all around 

the world living in various different habitats and environments. The large number of species 

and variety of environments make it important to study the sex determination and 

differentiation in fish, as it gives deeper understanding of the sexual determination and 

differentiation as one of the interesting fields in the evolutionary developmental biology. 

In mammals, the sexual determination is linked to the presence or absence of the Y 

chromosome (Von Hofsten and Olsson, 2005). The chromosome Y in mammalian males has 

the gene that responsible for the testis differentiation and it is called sry gene (Tevosian et al., 

2002). The sex determination and differentiation in fish remain unclear, as they exhibit 

several systems for sex determination and differentiation. In teleosts species, the sex 

determination has a wide spectrum of systems and factors that leads to sex determination like 

environment, the unisxuality, hermphordism and hetergametic sex ( Tripathi et al., 2009; 

Volff et al., 2005). In Poecilia the sex determination exhibits the XX-XY for sex 

chromosomes in way that the males are heterogametic (Volff and Schartl, 2001). The system 

of the XX-XY for sex chromosomes has been reported in another teleost fish as midaka: the 

males are hetergametic and they have the sex-determining gene DMY  on the Y chromosome, 

the reverse females XX could be induced by exposure to high temperature (Sato and Endo, 

2005) giving an example about the environment influence on the sex determination. An 

addition to the XX-XY system in sex determination, the ZZ/ZW system has also been 

reported in the teleost as the females are hetrogametics (Volff and Schartl, 2001). 

Zebrafish (Danio rerio) is small sized fish belonging to the Cypriniformes order and it lives 

in fresh water in the region of the South-eastern Himalayan (Menon, 1999). The family of 

Cyprinidae that zebrafish belong it is second largest family among the vertebrates. Zebrafish 

is important model system for vertebrates, as it has been studied extensively for 

developmental biology aspects (Hofsten and Olsson, 2005). It was one of the widely studied 
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models in biomedicine, genetics and neurophysiology as well (Rubinstein, 2003; Amsterdam 

and Hopkins, 2006). Studying sex determination in zebrafish shows more complexity than the 

teleosts species since there is no sex chromosome identified yet. Although there is no clear 

sex-like genes in zebrafish, many candidate genes have been suggested as their pathway 

involve in differentiation and specification of the gonads (Hofsten and Olsson, 2005). The 

candidate genes that have a role in gonads differentiation in zebrafish are: Fushi Tarazu 

factor-1 (FTZ-F1) genes, SRY  HMG box related gene 9 (Sox9), doublesex-mab 3 related 

gene (Dmrt1) and Anti-Mullerian Hormone (AMH), suggesting the genetic involvement of 

sex differentiation in zebrafish in absence of clear sex chromosome mechanisms. 

The eggs in vertebrates coated with glycoproteins are called zona pellcudia and these proteins 

have different functions in different species. The gene family that encodes these proteins are 

called zp, the gene family of zp is categorized into four sub-family genes mammals which 

found paralogus in other species. The expression of these proteins can differ among the 

species. (Spargo and Hope, 2003). In zebrafish the expression of zp2 and zp3 genes occurs 

only in the oocytes (Mold et al., 2009) making the expression of these genes a sign of 

feminization in the sex differentiation process. 

The nuclear factor NF-Y is heteromeric transcription factor that consists of three sub units: 

NF-YA, NF-YB and NF-YC (Chen et al., 2009; Mantovani, 1999). The nuclear factor Y is 

CCAAT box specific binding elements in the promoters regions for many genes in the 

eukaryotes (Sinha and Maity, 1995). The sub units A and B interact with the histone fold 

domains resulting in stable dimer, the interaction of sub unit A and B with the histone 

provides a stable surface to the NF-YA to interact with the co-activators.( Su et al. 2005). In 

order to study the role of NF-Y, an animal model can be used instead of cell line because the 

animal model provides deep understanding of the physiological role of the NF-Y in vivo. 

(Chen et al., 2009). In mouse primary cell´s culture, deletion of NF-YB alleles lead to death 

the cells which indicates that NF-YB have an essentials role in cells proliferation and 

apoptosis, moreover the disturbance of the NF-YA during the early embryonic stages in the 

mouse lead to the death (Bhattacharya et al., 2003). 

In Caenorhabditis elegans the expression of the NF-Y sub unites have shown a tissue and 

developing specific, the expression of the NF-YA was found only in the gonads and embryos 

but the expression of NF-YB has been found in different tissues and organs suggesting the  

expression of the NF-Y is restricted to tissue and developing stages (Franchini and Imbriano, 
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2005). In zebrafish NF-Y sub-unit regulated different genes and NF-YC disruption lead to 

retinal defects like lacking in photoreceptors expression in the retinal lamination (Gross and 

Perkins, 2005). Knock down of the NF-YB in neural crest cells in zebrafish has a connection 

with the survival of the cells and migration also regulates the cartilages and bones 

development (Chen et al., 2009). The expression of the NF-Y in zebrafish gonads and its role 

in sex differentiation by regulation suggested sex-differentiation genes has not been 

addressed or reported yet. 

In this study the aim to investigate the involvement of the NF-Y in the sex differentiation by 

regulation of zona pellcudia genes zp2.3 and zp3.5´s expression in the ovary, we also study 

the expression of NF-Y sub-units within different organs and tissues to determine if any of 

the sub units has tissue specific expression and thereby to study the genes that correlate to sex 

differentiation and are regulated by that sub-units in the determined tissues. 
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Materials and Methods 

Bioinformatics 

The complete cDNA sequences of the transcription factors NF-Ya and NF-Yb in zebrafish 

were obtained by using the ENSEMBL website (www.ensembl.org) and NCBI the National 

Center for Biotechnology. Information Entrez Nucleotide database (URL: 

http://www.ncbi.nlm.nih.gov/sites/entrez?db¼nucleotide). The primer design for the 

promoter regions for the zp2.3 and zp3.5 using primers design progrom (primer3). The design 

of the primers for the NF-YA and NF-YB was performed using online felxi® vectors desgin 

tool (http://www.promega.us/techserv/tools/FlexiVectorTool/default.aspx). 

Genomic DNA Extraction 

Genomic DNA was extracted from adult female zebrafish by using phenol-chloroform 

protocol. The adult fish were weighed and frozen immediately in liquid nitrogen. The frozen 

tissues were ground using a high speed blender after adding 1 ml of extraction buffer (10 MM 

Tris pH 8.0, 100 mM EDTA pH 8.0, 0.5% SDS and 200 µg/ml Protinase K). The 

homogenized mixture was incubated at 50°C for 3 hours and shaken gently, after incubation 

the solution cooled down at room temperature then the extracting process was initiate by 

adding 100 ml of phenol (pH 87.0) and mixed gently followed by centrifugation at 5000 

r.p.m for 10 minutes, the upper phase was transferred to a fresh 1.5 ml Eppendorf’s tube 

using the pipette. After extracting two times with the phenol, additional extraction step was 

performed by adding 100 ml of phenol: chloroform: isoamylalchohol (50:48:2) and 

centrifugation at 5000 r.p.m for 10 minutes, the aqueous phase was transferred to a fresh 

tube, a 200 mM of NaCl was added. The DNA was precipitated by adding 200 ml of ice-cold 

75% ethanol and mixed gently. This step was performed twice to precipitate the DNA 

properly. The DNA pellets were resuspended by adding 200 µl of 10 mM Tris pH 8.0, 100 

mM EDTA pH 8.0 and 100 µg/ml RNase, and the resuspension mixture was incubated for 1 

hour at 37°C. The DNA was extracted by adding 100 ml of phenol: chloroform: 

isoamylalchohol (50:48:2) and transferred the upper phase to a new Eppendorf’s tube, the 

extraction followed by adding 100 ml of ammonium acetate (7.5 M)  and 200 ml of ice-cold 

75% ethanol and mixed it gently. The ethanol was removed from the tube, the DNA pellets 

were resuspended in 200 µl of water. The concentration of the DNA was determined using 

the NanoVue (GE Heathcare,UK) and  the integrity of the DNA was checked by running on 

1% of agarose gel (w/v). 
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Total RNA Isolation 

RNA isolation was performed by homogenizing a previously frozen tissues using hand-held 

homogenizer in 1.5-ml microcentrifuge tube  and  using 200 µl of denaturation reagent (2.5 

M GTC; 25 mM sodium citrate pH 7.4; and 0.35%  2-mercaptoethanol). Sequentially, 0.2 ml 

sodium acetate (2M, pH 4.0), 0.2 ml of saturated phenol (pH 4.5), and 50 µl of chloroform: 

isoamyl alcohol (24:1) were added then the mixtures were vortexed properly and incubated 

on ice for 15 minutes. The procedure was performed under standard fume hood, 

centrifugation was done for 15 min at 12000 r.p.m at 4ºC. The upper, aqueous phase (~180 

µl) was then carefully pipetted, and placed in new autoclaved 1.5-ml microcentrifuge tube. 

Adding 200 µl of isopropanol and mixed gently and incubation for 1 hour in -80ºC, the tubes 

were then centrifugated at 12000 r.p.m  for 15 minutes at 4 . After the centrifugation, the 

supernatant was discarded and the RNA pellets were washed by using 500 µl of 75% ethanol 

and centrifugation for 15 minutes at 4ºC. The resulting supernatant was discarded and the 

pellets were air-dried for 5 minutes. After drying, the pellets were dissolved in 25 µl RNase 

free water and incubated at 60 ºC for 5 minutes. The purity of the RNA were checked by 

using the NanoVue (GE Heathcare,UK) and the integrity of the RNA were checked by 

running the RNA on a 1.2% formaldehyde agarose gel. 

Reverse Transcriptase-Polymerase Chain Reaction  

The extracted mRNA zebrafish tissues were used to generate cDNA by Reverse Transcriptase 

(RT) PCR. qScript™ cDNA Synthesis kit (Quant BioSciences, Inc.) was used. The reactions 

(20 µl) were performed according to the manufacture instructions, each reaction contains: 4 

µl of 5X buffer, 0.5µg of RNA samples, 1µl of Reverse transcriptase and Nuclease-free water 

up to volume 20 µl. The thermocycler for cDNA synthesis was set as following: 5 minutes 

for the first step at 22°C, 30 minutes for the second step at 42°C and 5 minutes for the third 

step at 85°C. 

Polymerase Chain Reaction  

In order to optimize primers for the promoters regions of the zp2.3 and zp3.5 genes and NF-

YA and NF-YB protein coding sequnces, a gradient Polymerase Chain Reaction (PCR) was 

performed. The 20 µl reactions contained 5µl of 10X DreamTaq™ buffer containing 

Magnesium chloride, 0.2 µl of DreamTaq™ polymerase (5u/µl) (Fermentas), 0.4 µl of 

dNTPs (10 mM) were added to a final concentration of 0.25 mM each, while 0.5 µl of  

primers were added to a final concentration of 0.5 µM each, 1 µl of template DNA to the 
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reaction and water up to 20 µl. PCR conditions were as follow: The Initial denaturation 

temperature was 95°C for 5 minutes and again denaturation at 95°C for 30 sec, annealing at 

55-67°C for NF-YA and NF-YB primers and 52-62 for zp2.3 and zp3.5  primers for  30 sec 

,extension for 72°C for 30 second for zp2.3 and zp3.5 and 1 minute for NF-YA and NF-YB 

primers  for 40 cycles and final extension at 72°C for 10 minutes. After optimizing the 

primers for NF-YA and NF-YB, the PCR performed using phusion®High-Fidelity DNA 

Polymerase  (Finnzymes, Vantaa, Finland) in order to obtain blunt products for both genes. 

The PCR reaction and conditions were performed according to the manufacture 

recommendation. 

Preparation of Agarose gel 

Agarose gel was prepared by dissolving 1.2% of weighted agarose in 150 ml TAE (Tris base, 

acetic acid and EDTA) buffer. Ethidium bromide (5 mg/ml) was added before cooling to get 

final concentration (0.5µg/ml). GeneRuler™ 1 kb plus DNA Ladder and GeneRuler™ DNA 

Ladder Mix (Fermentas, Glen Burnie, USA) was used. The gel was run for 90 minutes at 80 

volts. The samples were running carefully to make sure that the samples were not 

contaminated and were examined under ultra violet transilluminator (UVP. California,USA) 

PCR Gel Extraction 

The blunt PCR products for the NF-YA, NF-YB and the promoter regions of the genes were 

extracted and purified in order to cloning the regions in cloning vectors from the gel after 

running the electrophoresis by using NucleoSpin® Extract II kit and was performed 

according to the  manufacturer’s instructions. Finally the yield and the concentration of the 

purified DNA fragments were determined using the NanoVue (GE Healthcare, Warrington, 

UK). 

Plasmid Construction 

The promoters regions that contain CCAAT boxes upstream of the genes zp2.3 and zp3.5 

were generated by using the genomic DNA as template for the PCR reaction. The PCR 

products that contains the complete proteins coding sequences for the NF-YA, NF-YB and 

zp2.3, zp3.5 promoter reigns were purified. In order to construct plasmids, the purified 

products were cloned into pJET1.3/blunt cloning vector using   CloneJET™ PCR Cloning Kit 

(Fermentas, Inc.) according to the manufacturer’s instructions. 
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Transforming Chemically Competent Cells 

An Escherichia coli DH5 alpha strain was transformed by plasmids constructs for the 

promoter regions for zp2.3 and zp3.5 as well as the NF-Ya and NF-Yb, the transformation 

procedure was initiated by adding 5 µl of the ligation reaction into 50 µl of the chemically 

competent cells for each transformation. The mixtured were mixed gently and incubated on 

ice for 30 minutes. After incubation the cells heat-shoked for 45 seconds at 42ºC, then the 

cells were incubated on ice for 30 minutes. After incubation, a 250 µl of room-temperature 

SOC medium was added to each vial and incubated for at 37ºC with shaking for 1 hour. After 

incubation and shaking, 50 µl of each vials were spread on pre-warmed media contains 50 

µg/ml ampicillin and incubated over night at 37ºC and 0.5 CO2. After overnight incubation a 

single colony from each transformation was inoculated in 10 ml screw-cap tube  contain 3 ml 

of LB-broth medium and 50µg/ml ampicillin at 37ºC with shaking. 

Plasmid Isolation 

One bacterial colony from each the transformtion were transferred into 10 ml screw cap 

containing 3 ml Luria Bertani (LB) broth with 50 µg/ml ampicillin. The tubes were incubated 

overnight at 37°C with shaking (180 r.p.m ). After the culture had growing in sufficient level 

of turbidity the incubation process was stopped and the cells was harvested by performing 

centrifugation for 3 minutes at 3000 r.p.m at room temperature. The resulting supernatants 

were discarded and the pellets were resuspended by adding 100 µl of resuspension buffer 

(50Mm glucose, 10mM EDTA, 25mM Tris pH7.4) and the mixtures were vortexed properly. 

After resuspension of the pellets, A 200 µl the lysis buffer (0.2M NaOH, 1% SDS) added and 

mixed gently and incubated on ice for 5 minutes, a 15µl of potassium acetate (pH 4.8) was 

add to each tube and mixed gently then incubated on the ice for 3 minutes. A centrifugation 

for 3 minutes was performed then the supernatants were transferred to fresh Eppendorf’s 

tubes, 10µl of RNAse (15µg/ml) were added and incubation for 30 minutes on ice was 

performed. After incubation, a 500 µl of phenol (pH 8.0): chloroform: isoamyalcohol 

(50:48:2) solution were added, mixed gently and centrifugation for 2 minutes. The upper 

phase was transferred to a new Eppendorf’s tubes and a 500 µl of phenol (pH 8.0): 

chloroform: isoamyalcohol (50:48:2) solution were added, mixed gently and centrifugation 

for 2 minutes again. After washing with phenol, the upper phase was transferred to new 

Eppendorf’s tubes and washed three times by adding 500 µl of chloroform: isoamyalcohol 

(24:1). The upper phase was transferred to a fresh Eppendorf’s tube each time for each vial 
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and centrifugated for 2 minutes. The plasmids were precipitated by adding 1ml of 

isopropanol and 40 µl of ammonium acetate and incubated at -80 for 30 minutes and 

centrifugated for 20 minutes at 10000 r.p.m. The precipitated pellets were washed by adding 

700 µl of ice-cold 70% Ethanol, and then the pellets were air-dried and suspended in 100 µl 

of distilled water. 
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Results 

Genomic DNA Extraction 

zp2.3 gene in zebrafish contain CCAAT box in its upstream sequences, while zp3.5 gene 

have two inverted CCAAT boxes in its upstream sequence suggesting that the CCAAT boxes 

in the promoters regions have essential function in expressing zp2.3 and zp3.5 in early stages 

for zebrafish´s oocyte early stages (Mold et al., 2009). In order to isolate the promoters 

regions of the zp2.3 and zp3.5 that contain CCAAT boxes , the genomic DNA of zebrafish 

was extracted from two sample, the concentration of extracted genomic DNA from the two 

zebrafish adults was: 32 ng/µl for sample 1 and 545 ng/µl for sample 2. The integrity of the 

extracted genomic DNA was examined by running 1.2% agarose gel (W/V). The resulted 

DNA extracted have >10 kb size as shown in fig.1. 

Total RNA Isolation 

The transcription factor NF-Y is transcription factor that regulate wide spectrum of genes in 

various organ. NF-Y binds to CCAAT box in promototer region of the genes that regulate it 

in specific manner (Mantovani, 1999). Currently is no report that shows the role of NFy in 

expression of zp genes in zebrafish. In order to establish the role of NF-Y in zp2.3 and zp3.5 

expression total RNA was isolated from various organ and tissue in zebrafish. After checking 

the concentration of isolated RNA, the purified RNA were  run on 1.2% formaldehyde 

agarose gel (w/v) for visual inspection, the results show a succeful RNA isolation from some 

tissue and signs of RNA degradation in the other tissue as shown in figs.2A, 2B. 

Polymerase Chain Reaction  

To isolate the promoters regions of zp2.3 and zp3.5 that contain CCAAT boxes, A PCR was 

running using primers that have  BglII and HindIII sites for zp2.3 and BglII site for zp3.5 and 

amplify  the region -140  to 7 of zp2.3 promoter sequence and -156 to 5 of zp3.5 promoter 

sequences as shown in table 1. The PCR products were runnig on 1.2% agarose gel (W/V) for 

visual inspection fig.3. 

In order to amplify the NF-YA and NF-YB complete cDNA sequences that encode the both 

proteins, primers were designed have SgfI, PmeI sites for NF-YA and SgfI , PmeI for NF-YB 

sequences as shown in table 2 and used in PCR. The gradient PCR performed to validate the 

mealting temperature for the primers, products were running on 1.2% agarose gel (W/V). A 
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988 base pair band for NF-YA and 640 base  pairs for NF-YB were detected.  After 

optimization of the optimal mealting temperature for the primers, normal PCR carried out 

using cDNA templates from different tissues and organs. NF-YA expression was detected in 

the ovary, testis, liver and muscles, NF-YB expression was detected in ovary and low 

expression in the testis and the liver tissues but there is no expression in the muscles. The 

controls was not worked due to contamination in the 18S primers although the template was 

suuficint for the NF-Y primers, the total results shown in fig.4. 

Transformation of E.coli Bacteria and Plasmid Isolation 

The cloning of the zp2.3 and zp3.5 promoter region were performed correlated with cloning a 

control cloning by using PCR product supplied by the kit. The transformation of the bacteria 

of zp2.3 insert and the control was achieved, however the bacteria that transformed by the 

cloning vector that contains zp3.5 insert didn’t grow. The isolated plasmids of zp2.3  and the 

control were used template in the PCR reaction using same primers for zp2.3 and supplied 

primers with the cloning kit for the control insert, the resulted PCR peoduct were detected on 

1.2% agarose gel (W/V) as shown in fig. 5, this step were performed to validate the cloning 

and transformation. 
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Discussion 

In zebrafish zp2.3 and zp3.2 genes expression restricted for the oocytes in early 

developmental stages, suggesting that their expression mechanisms are stage and tissue 

specific (mold et al., 2009). The promoter region for zp2.3 and zp3.5 has CCAAT boxes 

making CCAAT transcription factors strong candidate for these gene expression.  Transgenic 

green fluorescence protein-zebrafish was used to detect the zp3 promoter region role in zp3 

gene expression in tissue-stage manner, the tagged region was found expressed in stage 

specific manner in oocytes (Lue et al., 2006). Upstream region of zp2 gene that contains a 

CCAAT box into Ovarian Follicles is necessary for promoter activity, suggesting that 

expression of zp2 gene is CCAAT box dependent (Mold et al., 2009). Detecting the 

mechanisms that control zp3.5 and zp2.3 genes expression will provide deeper understanding 

of sex differentiation in zebrafish. In order to detect the promoter region activity in zp genes 

regulation we perform cloning  procedure, cloning the promoter region of zp2.3 didn’t 

achieved due to errors in ligation procedure, but the cloning of the promoter region of the 

zp3.5 has succeed and it confirmed by the control and the using the designed primers. The 

construct of zp3.5 promoter region will use afterward to determine the transcription factor 

that may have role in zp genes expression. 

It has been assumed that transcription factor NF-Y is universal transcriptional factor that 

expressed in various tissues and organ in mammals. NF-Y is CCAAT box dependent 

transcription elements and has been reported in 30% of the eukaryotic genes promoters 

(Bucher, 1990). Recent studies show that N-Y sub-units have tissue specific expression in 

some species. The expression of NF-Y has been reported as specific expression for 

developmental stages. In C.elegans the expression of NF-YA has found only in the embryos 

gonads, but the other sub unit has been founded in various tissues and developing satges 

suggesting that NF-YA expression is developmental-specific (Franchini et al., 2005). In 

zebrafish, NF-YB subunit has reported that effect the bone developing by controlling the 

expression of set of genes that promote cartilages development (chen et al., 2009). 

 

Although the NF-Y has reported that effect various genes in zebrafish, there is no details until 

now regarding the expression pattern of NF-Y sub-units in zebrafish. Moreover there are no 

reports about the involvement of NF-Y sub unites in sex differentiation. Here in this study we 

tried to isolate NF-YA and NF-YB in order to establish the correlation NF-YA, NF-YB and 

the expression of zp2.3 and zp3.5 in zebrafish gonads, but because we didn’t achieved the  
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constructs for the zp2.3 and zp3.5 we couldn’t go further to establish the correlation. We 

found the expression of NF-YB is low in zebrafish testis and, male liver and not expressed in 

muscles for the males and females. For NF-YA it expressed in the ovary, testis, liver (male 

and female) and the muscles. These results suggest that the transcription factor NF-YB 

expressed in zebrafish in tissue-specific manner and it may have role in testis development. 

More experiment need to perform to address the role of NF-Y sub-units in sex differentiation 

in zebrafish and its role in zp genes expression in the ovary. 
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Table 1: Primers used for zp2.3 and zp3.5 promoter isolation  

 

 

 

  

 

 

 

 

 

 

 

 

 

 
Set 
No.  

 

Primer 
Name  

 

 

Primer Sequence  

 

Restriction 
sites  
underlined 

  Product 
size 
bp  

 

1. zp2.3 Forward 

 

zp2.3 Reverse 

5´CAT AGATCTAAC CAA TAAGGA 
TCAGGC AGA 3´ 
 
 
5´  CATAAGCTT ATG CAC 
TGCTGAGAT GTT GCC  3´ 

BglII  

 

HindIII 

179bp 

2. zp3.5 Forward 

  

zp3.5 Revers 

5´ CATAGATCTCTC TTA TTG GCT 
GAT GAC TTC 3´ 
 
 
5´ CGC AGATCT CAC AAT GCT 
CAT CTC TGC TTG 3´ 

BglII  

 

BglII  

 

165bp 
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Table 2: Primers used for NF-YA and NF-YB isolation 

 

 

 

 

 

 

 

 

 

 

 

 
Set No.  

 

Primer 
Name  

 

 

Primer Sequence  

(Restriction sites  underlined) 

Restriction 
sites  
underlined  

  product 
bp  

 

1. NF-YA 
Forward 

 

 

NF-YA 
Reverse 

5´GTCGGCGATCGCCATGGAGCA
GTACACAACCACCACGACA  3´ 
 
 
 
 
 
 
5´ATGCGTTTAAACCCCCAGAGG
CGGGGCAGAGG´3 

SgfI 

 

 

PmeI 

988bp 

2. NF-YB 
Forward 

  

 

NF-YB 
Reverse 

 
5'AGGAGCGATCGCCATGGACGG
AGAGAGTTCAACC 3' 
 
 
 
 
 
5´AACTGTTTAAACAGAAAACTG
GAGCTGTTGCAC 3´ 

SgfI  

 

 

PmeI 

640bp 
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Figure legends 

Fig.1. A 1.2% agarose gel electrophoresis containing the  extracted genomic DNA to 

visualize the DNA  integrity, lane1: genomic DNA isolated from adult zebrafish with 32 

ng/µl concentration; lane 2: : genomic DNA isolated from adult zebrafish with 545 ng/µl 

concentration.  

Fig. 2. The integrity of the isolated RNA from different organs in male and female zebrafish 

viewed by run the RNA on 1.2%  agarose gel, 2A: Shows the integrity of extracted RNA 

from the brain, liver and heart; 2B: Shows the integrity of extracted RNA from the ovary, 

testis, heart and muscle. F: female, M: male. 

Fig. 3. A 1.2% agarose gel contains the PCR products for designed primer that amplify the 

promoter region of the zp2.3 and zp3.5 genes . 

Fig. 4 Tissue-expression pattern of the NF-YA and NF-YB in adult zebrafish. The expression 

distribution of NF-YA and NF-YB  in various tissue and organ in adult zebrafish viewed by 

run the PCR products on a 1.2%  agarose gel.  The expression of NF-YA and NF-YB in 

testis, ovary, liver and muscles. M: Male, F: Female. 

Fig. 5. The extracted cloning plasmid for the zp2.3 promoter region and PCR product control 

viewed by run on 1.2%  agarose gel. 
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Fig.1 
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Fig.3 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



NF-Y genes expression pattern 
 

23 
 

 

 

 

 

Fig.4 
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Fig.5 
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