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Abstract 

Geminiviruses all share a single stranded DNA genome and a common site of replication: 

TAATATTAC. The CRISPR/Cas9 is a relatively new and quick technique that can be used to 

target the Ori and cause a double stranded break (DSB) at the target site once the virus is 

converted to double strand DNA by host DNA polymerase. This break can be repaired by 

nonhomologous end joining (NHEJ), resulting in novel DNA insertions and deletions. N. 

benthamiana plants were grown and transformed with a derivative of the Bean Yellow Dwarf 

Virus and a CRISPR/Cas9 cassette targeting the Ori of said virus. DNA was extracted from plant 

tissue samples taken 2 and 3 days post infiltration (dpi) of the virus. The efficiency at which 

replication was inhibited was qualified by quantitative, real-time PCR. 
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Purpose 

This experiment aims to assess the feasibility of using the CRISPR/Cas9 system to 

generate geminivirus resistance in plants by targeting a site in the viral genome that is essential 

for viral rolling circle replication. If the viral replication is inhibited, the virus will be unable to 

spread throughout the plant, rendering the plant free of disease. 

Hypothesis 

For the purposes of this experiment, the null hypothesis (H0) will be that the 

CRISPR/Cas9 system will not be able to efficiently attenuate replication of the virus. The 

research hypothesis will be that if a CRISPR/Cas9 cassette is constructed to express a  sgRNA 

that targets the virus replication of origin site, then CRISPR will be able to cleave the site, 

allowing for NHEJ, and effectively stop viral replication. A significance level of 0.05 will be 

used for data analysis. 

Introduction 

Geminiviridae, a family of over 325 different ssDNA plant viruses, is responsible for 

large economic losses across the world in terms of agriculture. These viruses have caused over 

$140 million of damage to the tomato crop in Florida during 1991-92 growing season alone, and 

have wreaked havoc on agricultural crops in Africa, India, southern Europe, central America, the 

Caribbean (Zaidi, Mansoor, Ali, Tashkandi, and Mahfouz, 2016). Rapid evolution of 

Geminiviruses, first characterized in the 1970s, occurs as new resistant plant cultivars are 

introduced, and can also be a means to expand its host range. For example, a virus associated 

with Red Blotch Disease was first reported in Napa Valley, California in 2008. Foliar symptoms 

in red-berried grapevine cultivars included red blotches early in the growing season that 
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expanded and later coalesced around the rest of the leaf. The virus greatly reduced fruit quality 

and ripening, leading to disastrous economic implications for grape farmers in California 

(Sudarshana, Perry, and Fuchs, 2015). This grape virus shares a characterizing trait with all other 

members of Geminiviridae: it contains a conserved nonanucleotide (TAATATTAC) sequence 

that serves as the nick site for the origin of replication (Ori)  (Krenz, Thompson, McLane, Fuchs, 

and Perry, 2014). This sequence, along with the gene for the Rep protein, is crucial to replication 

in plant viruses, as proven by researchers with the faba bean necrotic yellow virus (Timchenko, 

De Kouchkovsky, Katul, David, Vetten, and Gronenborn, 1999). Viral replication leads to new 

virions to be produced in the host cell, which are spread to adjacent cells through 

plasmodesmata. This allows for effective dissemination of the virus throughout the organism 

(den Boon, Diaz, and Ahlquist, 2010). If the Rep protein genome sequence is mutated, it may 

halt transcription of the DNA into the Rep protein, limiting these viruses to few or no copies of 

themselves. Thus, these viruses may be rendered ineffective, revealed by a lack of replicated 

virions. Researchers found that replicase and rep-protein mediated resistance is based on the 

expression of the virus ORF encoding Rep being disrupted (Galvez, Banerjee, Pinar, and Mitra, 

2014). For this project, a derivative of the Bean Yellow Dwarf Virus (BeYDV) will be used as a 

model virus representing the Geminiviridae family. The modified version of BeYDV that is 

being used is called pTRANS201, and is being supplied by the Jacobsen Lab. BeYDV is being 

used due to it being relatively safe to work with and it can infect Nicotiana benthamiana.This 

version of BeYDV has certain proteins removed but still contain all the necessary proteins 

needed to function.  
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The clustered regularly interspaced short palindromic repeats (CRISPR)/ Cas9 method is 

a bacterial immune system that has been manipulated by bioengineers to alter the DNA of 

organisms for which DNA can be introduced. The system has been used for efficient genome 

editing, and is comprised of a synthetic single guide RNA (sgRNA) and a Cas9 endonuclease 

(Cong, Ran, Cox, Lin, Barretto, and Habib, 2013). The sgRNA directs Cas9 to the target 

sequence which is predetermined by a user-defined 20 nucleotide RNA sequence that is 

complementary to the said target sequence. The target sequence must be adjacent to a 

protospacer adjacent motif (PAM), which is necessary for Cas9 to detect the sequence. Most 

Cas9 variants use NGG as the PAM sequence. In the case of BeYDV, there is a CGG sequence 

right after the replication site (Timchenko et al., 1999) From there, Cas9 will cause a 

double-stranded break (DSB) in the target sequence, which can then be repaired by either 

non-homologous end joining (NHEJ) or homology-directed repair (HDR). NHEJ is an 

error-prone pathway in which Ku heterodimers bind to the broken DNA ends and serve as a 

scaffold for repair proteins. Indels or deletions are introduced as a repair template. Alternately, 

HDR can be used with a supplied donor DNA template. In HDR, Rad51 protein binds DSB ends 

to create precise gene editing (Hsu, Lander, and Zhang, 2014). The CRISPR/Cas9 system is the 

most efficient and cheapest means to modify DNA, as compared to transcription activator-like 

effector nucleases (TALENs) and Zinc-finger nucleases (ZFNs) techniques. TALENS and ZFNs 

rely on bulky proteins and have many limitations involving genome accessibility and price.  
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Figure 1: CRISPR/Cas9 system: Please note that the crRNA and tracrRNA have been combined by bioengineers to form a 

single RNA molecule, the sgRNA. The sgRNA identifies the target sequence, which is upstream of the 3 bp PAM sequence, 

which is cleaved by a Cas9 endonuclease. The resulting DSB causes an inaccurate gene repair (if repaired by NHEJ), which 

causes incorrect transcription of the genomic sequence.  Figure from Google Images (free).  

Previous researchers have used the CRISPR/Cas9 system as a means to create viral 

disease resistant plants. Most notably, experiments have been performed to generate plant 

resistance using CRISPR/Cas9 to the geminiviruses tomato yellow leaf curl virus (Ali, Abulfaraj, 

Idris, Ali, Tashkandi, and Mahfouz, 2015) and the bean yellow dwarf virus (Baltes, 

Gil-Humanes, Cermak, Atkins, and Voytas, 2014). In addition, researchers have reported that it 

was possible to design multiple sgRNAs to combat the virus and all affiliated satellites that 

possess slight DNA variations in their genomes  ((Iqbal, Sattar, and Shafiq, 2016). In these 

experiments, N. benthamiana or Arabidopsis were used as hosts due to their ease of 

maintenance, rapid life cycle, and ease of DNA transformation and viral infection. However, no 

experiments have been reported that utilize CRISPR/Cas9 to generate plant resistance to 

BeYDV. Also, the amount of research done with CRISPR/Cas9 against Geminiviruses is 

emerging, and further research can help cement CRISPR/Cas9 as a tool for viral resistance. 

Researchers have attempted to generate Geminiviridae-resistant plants through other 

means, such as co-suppression or or by overexpression of host resistance genes. However, 
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Geminiviruses quickly evolve by recombination, component capture, and mutation, allowing 

these viruses to evade or counter these resistance strategies. CRISPR/Cas9 can be a durable 

method to ensure plant resistance, as it targets the crux of the virus itself: its highly conserved 

replication site (Zaidi et al., 2016) 

Safety Issues 

Usage of a biosafety level two (BSL-2) lab at UCLA was used since a form of transient 

N. benthamiana was being grown and the possible dangers of Agrobacterium tumefaciens. All 

appropriate safety measures were taken (safety goggles, lab coat, latex gloves, and appropriate 

disposal of consumables). All lab safety rules in the Jacobsen BSL-2 lab were followed. A lab 

safety course at UCLA was taken and passed to ensure that all possible safety requirements were 

understood and followed. All N. benthamiana plants (both infected and control) were grown in 

the greenhouse near the Jacobsen lab. The Agrobacterium tumefaciens bacterial strain was 

handled with precautional measures and grown in a sterile environment that prevents bacterial 

infection from humans. Personal Protective Equipment (PPEs) will always be worn upon 

entrance to the lab. All materials will be disposed of properly according to the materials safety 

data sheets. 
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Materials 

○ Materials necessary to construct gene cassette 

○ pRGEB31 CRISPR/Cas expression vector (Addgene, Genscript) 

○ Materials necessary for plant Agroinfiltration 

○ N. Benthamiana plants  

○ pTRANS201 vector 

○ Reagents  

■ Luria Broth media with appropriate antibiotics (50 μg of kanamycin and 

50 μg of rifampin per ml)  

■ MES buffer  

■ AGL0 Agrobacterium strain 

■ OneShot Top10 Competent Cells E. Coli 

■ Resuspension Solution 

● 10mM MgCl2 (Sigma Aldrich) 

● 10mM MES-k, pH 5.6 (Sigma Aldrich) 

○ 0.5M MES, pH adjusted with KOH until 5.6 

● 100 μM acetosyringone (Sigma Aldrich) 

■ Sterile soil, appropriate fungicides (Daconil and Gnatrol)  

○ Equipment 

■ Centrifuge for 50 ml tubes 

■ Spectrophotometer  

■ Syringe 
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■ Micropipettes (P-20, P-200, and P-1000) and tips 

■ Centrifuge 

■ qPCR machine (Agilent Technologies Stratagene Mx3005P) 

■ Flats for N. benthamiana 

■ Shaking Incubators at 28 C and 37 C 

■ Water bath at 42 C 

■ Primer design software 

■ sgRNA design software 

■ Ice bucket 

 

 

Figure 2: A diagram 

explaining the pRGEB31 

vector (the diagram on the 

right). Note the vector is 

already pre-built with the 

terminators and promoters, 

just the gRNA scaffold needs 

to be added. The gRNA will 

be constructed and added by 

Gensript. Figure from 

Addgene  
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Methods (All glassware and reagents were autoclaved before usage) 

1. gRNA targeting Ori designed through MIT CRISPR 

Designer program. 

2. pRGEB31 plasmid received from Addgene, sent to 

Genscript. Vector received from Genscript.  

3. Transformed three sets of AGL0 cells and three sets of 

Top10 cells. 

4. Agrobacterium (AGL0) transformation 

a. Cells on ice until cells have thawed 

b. Added 1 µl of diluted plasmid (2-20 ng/µl) 

c. Placed back on ice for 15-30mins. Pre-chill 0.2 

cm cuvettes. Label new 1.5 ml vials to transfer 

into after electroporation 

d. Placed agro+plasmid mix into cuvettes ensuring that fully across bottom of 

cuvette. Tapped cuvettes until no air bubbles were present.  

e. AGL0 cells went under electroporation: Raised to 2.5 on “Set Volts”, then 

pressing both buttons pressed “Pulse” – released immediately after noise was  

f. Added 450 µl of LB to cuvette and transfer to 1.5 ml epi, 28 deg C shaking, 2 

hours. 

g. Spread 200 ul and 20 ul onto Luria Broth (LB) + Rifampicin (Rif50, only AGL0) 

+ Kanamycin (Kan50) plates using glass beads, 28 deg C oven for 2 days 

5. E. Coli (OneShot Top10 Competent Cells) transformation 
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a. Thawed cells on ice.  

b. Pipetted 1 µl of plasmids directly into vials and tapped gently.  

c. Waited for roughly 20 minutes, and then submersed cells in a 42 C water bath for 

30 seconds.  

d. Removed vials from bath, and placed vials on a microcentrifuge rack with tape 

securing the vials. Placed in a shaking incubator at 37 C for roughly 90 minutes.  

e. Spread 200  µl and 20 µl onto LB + Kan50 plates using glass beads, 37 C oven 

for 2 days.  

6. Checked for colonies.  

a. After two days, colonies on the plates were present.  

 

 

 

 

 

Figure 4: Top left: E. Coli transformed by pTRANS201 vector (200 µl). Top right: AGL0 transformed by pRGEB31 with no 

gRNA (20 µl). Bottom left: AGL0 transformed by pTRANS201 (20 ul). Bottom right: E. Coli transformed by pRGEB31 with no 

gRNA (20 µl). 
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7. Started cultures and created glycerol stocks for long-term preservation of 

plasmids/clones. 

a. Started 5 ml cultures from single colonies on plates.  

i. AGL0 cells cultured with LB, used antibiotics Rifampin (100 µg/ml) and 

Kanamycin (50 µg/ml). 

ii. Top10 cells were also cultured with LB, used Kanamycin (50 µg/ml). 

b. A micropipette tip was used to scape a single colony on each plate. The tip was 

inserted into a 13 ml tube containing 5 ml culture, 5 ul Kanamycin (50 µg/ml) and 

10 ul Rif for AGL0 cells (50 µg/ml) 

c. AGL0 cells stored in shaking incubator at 28 C overnight, Top10 cells also stored 

in shaking incubator at 37 C overnight. 

d. A 50% glycerol solution was created from a stock. 500 ul of the 50% solution was 

taken and added to 1500 ul of the culture from each tube, creating a 25% glycerol 

stock and a resulting volume of 2 mL. These 

2 mL vials were then frozen in liquid 

nitrogen (roughly -80 C).  

8. Sowed N. benthamiana seeds.  

a. Took a flat fitting 12 tear-away sections, and 

removed one section for easy watering. 

Added soil to remaining 11 sections. Mixed 

well. Inserted sterilized water into the empty 

section of the flat.  
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b. Added 1 ml Daconil and roughly 0.5 grams of Gnatral for fungicidal purposes 

into watering can full of sterilized water, sprayed water on top of soil.  

c. Placed 5 N. benthamiana seeds into each tear-away section, and labeled the plants 

appropriately.  

d. Covered the flat with a plastic hood to maintain internal humidity.  

9. 50 mL cultures were created from the starter cultures a day before Agroinfiltration 

procedures.  

a. Added 1 mL out of the 5 mL overnight culture to 50 ml LB containing the 

following: 

i. 50 ul of 50 mg/ml Kanamycin 

ii. 100 ul of 50 mg/ml Rifampicin 

iii. 0.5 ml of 1M MES, pH 5.6  

iv. 10 ul of 0.1M acetosyringone  

b. Grew shaking at 28 C overnight.  

10. Transformed N. benthamiana plants. 

a. Spun 50 mL cultures at 4,000xg for 20 minutes in 50 mL Falcon tubes in F50C 

rotor.  

b. 300 mL of Agroinfiltration buffer was prepared by adding: 

i. 3 mL of 1M MES 

ii. 3 mL of 1M MgCl2 

iii. 600 µl of 0.1M Acetosyringone 

c. Resuspended the pellets in roughly 5 mL Agroinfiltration buffer. 

  



 
CRISPR/CAS9 AGAINST GEMINIVIRUS REPLICATION          13 

d. Prepared 2 mL tubes and diluted samples by a factor of 10 for spectrophotometer 

(100 µl of resuspended bacteria added to 900 µl of Agroinfiltration buffer). 

e. A blank with only Agroinfiltration buffer (1.2 mL). 

f. then multiplied the absorbance by 10 to get the original concentration. Used 

dilution formula(C1*V1=C2*V2) to get 1OD.  

i. pRGEB31: 1/10 diluted (.605), original concentration (6.05), volume 

needed(8.26 mL) 

ii. U2316CB: 1/10 diluted (.651), original concentration (6.51), volume 

needed (7.68 mL) 

iii. pTRANS201: 1/10 diluted (1.093), original concentration (10.93), volume 

needed (4.57 mL). 

g. Left Agrobacterium solution at room temperature for two hours.  

h. Agroinfiltrated leaves of 4 week old N. benthamiana plants using a 1 mL syringe 

and a 18 gauge needle to gently scratch/hole on upper leaf surface. Successful 

infiltration was observed as there was a spreading “wetting” area in the leaf.  

i. Three plants (roughly 16 leaves) were infiltrated with an empty pRGEB31 vector, 

and four plants (roughly 20 leaves) were infiltrated with the U2316CB (gRNA 

expressing) vector.  

j. 2 days post infiltration (dpi) of the CRISPR/Cas9 expression vectors, the 

Agroinfiltration process was repeated with the pTRANS201 construct rather than 

the CRISPR construct. pTRANS201 was only infiltrated into half of the plants, 

creating four groups (pRGEB31 and no pTRANS201, pRGEB31 and 
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pTRANS201, U2316CB and no pTRANS201, and U2316CB and pTRANS201). 

All other steps kept the same.  

11. 7 primers were designed using Geneious software program and ordered for qPCR (the 

eight primer was already in possession).  

a. Primers were diluted with nuclease-free water to achieve a final concentration of 

100 picomoles/ul and were spun.  

i. Primers were named JP15910, JP15911, JP15912, JP15913, JP15914, 

JP15915, and JP15916 for future reference.  

ii. Primers were stored at 4 C.  

12. Samples were collected 2-3 dpi of pTRANS201 into 2 mL collection tubes with a sterile 

iron bead already placed into each tube. 

13. Qiagen’s DNeasy Plant Mini Kit was used for DNA extraction from samples. All 

centrifugation steps were performed at room temperature, and ethanol was added to 

Buffer AW1 and Buffer AW2 concentrates before usage. 

a. Disrupted samples (approximately 100 mg wet weight) using the TissueLyser.  

b. Added 400 µl Buffer AP1 and 4 ul RNase A. Vortexed and incubated for 10 

minutes at 65 C. Inverted tube 2 times during incubation.  

c. Added 130 µl Buffer P3. Mixed and incubated for 5 minutes on ice.  

d. Centrifuged the lysate for 5 minutes at 20,000xg.  

e. Pipetted the lysate into a QIAshredder spin column placed in a 2 ml collection 

tube. Centrifuged for 2 min at 20,000xg.  
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f. Transferred the flow-through into a new tube without disturbing the pellet. Added 

1.5 volumes of Buffer AW1, and mixed by pipetting.  

g. Transferred 650 µl of the mixture into a DNeasy Mini spin column placed in a 2 

ml collection tube. Centrifuged for 1 minute at 6,000xg. Discarded the 

flow-through. Repeated step with the remaining sample. 

h. Placed the spin column into a new 2 mL collection tube. Added 500 ul Buffer 

AW2, and centrifuged for 1 minute at 6,000xg. Discarded the flow-through. 

i. Added another 500 ul Buffer AW2. Centrifuged for 2 minutes at 20,000xg. 

j. Transferred the spin column to a new 1.5 mL microcentrifuge tube. 

k. Added 100 ul Buffer AE for elution. Incubated for 5 minutes at room temperature. 

Centrifuged for 1 minute at 6,000xg.  

l. Repeated step k.  

14. DNA concentration and RNA contamination was tested using a nanodrop 

fluorospectrometer. Ideal DNA 260/280 ratio is around 1.8 to 2.  

a. 1 µl of Buffer AE was used as a blank, and then 1 µl of each sample’s extracted 

DNA was placed on the stage.  

b. The ng/µl and 260/280 values were recorded for each sample. Dilution formula 

was used to create a DNA concentration of 50 ng/ul. 

15. For the first run, a ten-fold dilution series (50 ng/µl, 5 ng/µl, and 0.5 ng/µl) of each DNA 

sample was performed to find the ideal genomic DNA concentration for qPCR. 

a. 4 master mixes were created using (nuclease-free water, forward and reverse 

primers used to amplify the sequence, and a mix containing SYBR green, Taq 
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polymerase, and qPCR buffer. A total amount of master mix was created for 30 

reactions. 

b. The 96 well plate was spun for 20 seconds to allow contents to settle to the 

bottom.  

c. All qPCR runs followed the same cycling parameters: 

i. Denature at 95 C for 5 minutes 

ii. Denature at 95 C for 30 seconds 

iii. Anneal primers at 55 C for 30 seconds 

iv. Extension at 72 C for 1 minute  

v. Repeat steps ii to iv 40 times 

vi. Final read cycle 1:00 at 95 C, Anneal at 55 C for 30 seconds, fluorescence 

read, final denaturation at 95 C for 30 seconds 

16. Based on results from the first run, a concentration of 0.5 ng/µl was used in each well for 

further qPCR reactions.  

17. Another run of qPCR showed that the actin standards were not showing consistent results 

in the dilution series. Actin is supposed to decrease in its Ct value by approximately 3 for 

each tenfold dilution, but a decrease of only 0.5-1 was reported. Due to this, a switch to 

ribosomal DNA (rDNA) was used as it provided a better standard than the actin.  

18. A 96 well plate was prepared for qPCR analysis using 3 sets of primers.  

a. It is possible that steps 2 and 3 will have to be repeated with more time between 

agroinfiltration of the CRISPR construct, agroinfiltration of the virus, and 

detection by qPCR. 
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b. Statistical analysis was done at a significance level of 0.05. 

c. Experimental groups 

i. pRGEB31 

ii. pRGEB31 and pTRANS201 

iii. U2316CB and pTRANS201 

Results 

 

Figure 6 represents the results of the dilution series on the first qPCR run. The strong 

correlation (indicated by the R^2 value) shows how strong this qPCR assay was. In the end, a 

concentration of 0.5 ng was used for all future qPCR runs.  
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Figure 7 shows the relative viral DNA titer average values after being normalized to the 

rDNA standards. Samples taken 2 dpi showed CRISPR/Cas9 caused a very miniscule deduction 

in overall viral titer. Samples taken 3 dpi showed no deduction of virion concentration, showing 

that the sgRNA did not help in reducing viral increase.  

Discussion 

I did not find any significant difference in the viral DNA levels in between the control 

and guide RNA containing agroinfiltrated samples. Multiple qPCR runs were performed 

throughout the experimentation process. The first qPCR run was done with a ten-fold dilution of 

each extracted DNA sample to identify the ideal concentration that would bring the best qPCR 

results (Ct values between 20 and 30). This dilution series is visible in figure 6. The strong R2 

indicates that the dilution series worked as expected, with the 0.5 ng/ul concentration providing 

the best Ct values. However, the end results were unexpected for multiple reasons. The sgRNA 

provided little defense from viral DNA increase in the 2 dpi samples, and showed no protection 

at all in the 3 dpi samples.  

The reason for this could be either too little time between infiltration and sample 

collection. Many of the experimental procedures done on similar areas of research allow the 

sgRNA more time to cause a DSB in the viral genome. These papers describe a 5-20 day waiting 

period as opposed to my 3 days. This flaw in my experimental design most likely explains the 

results received—a statistically insignificant difference between the control and experimental 

groups. Another possibility, although unlikely, is that the sgRNA did not cleave pTRANS201 at 

the Ori due to certain DNA methylation patterns. In cells, methylation can change the activity of 

the DNA without changing the sequence itself, causing problems such as repressing gene 
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transcription. If methyl groups were added near or around the Ori, the Cas9 endonculease may 

not have been able to bind to the target region. One more explanation could be  that the sgRNA 

was not efficient enough to cause a DSB at the DNA, but the MIT CRISPR design software gave 

the sgRNA design a score of 99 (signifying how improbable this scenario is). Another issue 

could be the quality of the DNA extracted, but the Nanodrop spectrophotometer showed 260/280 

values ranging from 1.7 to 2.1, often times very close to the ideal value of 1.8. A value of around 

1.8 signifies that the DNA is contaminant-free and has little to no RNA, proteins, and organelles. 

I am currently looking into what will happen if I allow for a longer period of time between the 

infiltrations and the DNA extraction. 

In addition to the experiment done above, more research can be performed to further 

identify the ability of CRISPR/Cas9 as a method for preventing Geminivirus replication. Instead 

of using the BeYDV derivative, an actual Geminivirus could have been used. For purposes of 

this research project, an actual virus was not able to be used as little time was given to acquire a 

virus. Since Geminiviruses fall under a United States Department of Agriculture (USDA) 

regulated biohazard, an import permit was required to get the virus from out-of-state. The 

process of applying for a permit takes roughly three months, and the limited time frame of this 

project would not allow for this to happen. Also, I would like to test the presence of multiple 

sgRNAs instead of using only one sgRNA. Multiple guide RNAs allow for less off-target effects, 

and are more likely to guide the Cas9 endonuclease to the correct target region and cause the 

DSB. Two or three sgRNAs also allow for the targeting of different regions, such as the 

movement protein and the Rep protein in addition to the Ori. For a long-scale project, the actual 

plant the virus infects could be used. In this case, the ability of CRISPR to inhibit BeYDV 
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replication could be tested on bean plants rather than N. benthamiana. Overall, the data came 

about as unexpected due to a variety of possible reasons, but further experimentations such as 

longer time gaps may lead to the desired results.  

Conclusion 

Ultimately, we fail to reject the null hypothesis due to the high p-value of 0.4772. More 

research will be done to determine exactly went wrong. 
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