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BACKGROUND 
 

Edgar von Gierke, the eponym of von 

Gierke disease, described the glycogen storage 

disease type I (GSD-I) in 1929. GSD-I is 

inherited, autosomal recessive and a metabolic 

disorder that affects the liver, kidney, muscle 

and intestine how by the deficiency of glucose-

6-phosphatase (G6Pase) complex encoding 

gene in G6PC. G6Pase normally catalyzes the 

hydrolysis of glucose-6-phosphate to glucose 

and an aromatic substitution of phosphate in 

the inner face of the endoplasmic reticulum 

membrane. The complex has multiple protein 

components exclusively G6Pase-α and G6Pase-

ß that perform mainly converting glucose. The 

deficiency of G6Pase-α caused by several 

mutations on G6PC is directly associated with 

GSD Ia. Notably, R83C and R83H are critically 

important for the activation of G6Pase-α.1,2,3 

Based on the using bacterial and 

synthetic nucleases in gene editing has opened 

the way for target gene editing. Especially the 

CRISPR-Cas9, a genome editing nuclease, is a 

significant tool for new researches. Some 

bacteria and archaea have an adaptive immune 

system like the CRISPR-Cas systems that use it 

in response to invading pathogens such as 

viruses. With this system, bacteria/archaea 

create a memory by capturing the nucleic acid 

sequences of pathogens (viruses, e.g.) 

encountered in the past, and in case of re-

counter with pathogens these captured nucleic 

acids direct nucleases such as CRISPR-Cas to 

destroy pathogens. More clearly, captured 

nucleic acid stored in the bacterial genome 

between CRISPR sequence repeats and if the 

same pathogen invades again, bacteria/archaea 

has a complementary sequence to cut 

pathogenic DNA. The structure of the 

preventive the bacterium to cut its genome is 

the PAM, protospacer adjacent motif, is a 

specific sequence about 2-6 nucleotides 

downstream of the target DNA sequence 

required for cleavage by the Cas nuclease, and 

the Cas nuclease cuts the nucleotide 3-4 

upstream of it. The CRISPR-Cas9 is a reliable 

and applicable nucleases system that is why it 

is used with such as Base editing and Prime 

editing tools.4,5 

The Prime editing, novel precise 

genome editing tool, provides all 12 base-to-

base conversion without double strand 

breaking (DSB) or donor DNA. Prime Editor 

(PE), Prime Editor 2 (PE2), Prime Editor 3 (PE3) 

and Prime Editor 3b (PE3b) contribute the 

prime editing possible with reverse 

transcriptase, Cas9 nickase H840A and prime 

editing guide RNA (pegRNA).  

The Base editing, a novel developing 

genome editing tool, provides conversing of 

one base/base pair into another (A: T to G: C, C: 

G to T: A) without DSBs. There are 2 class of 

base editings, the Cytosine base editors (CBEs)  



which include Cytidine deaminase, sgRNA and 

Cas9 enable to correction including C: G to T: A 

transition mutations and the Adenosine base 

editors (ABEs) which include all system in CBEs 

but Adenosine deaminase instead of Cytosine 

deaminase enable to correction including A: T 

to G: C transition mutations.6,7 

ENTRY TO PROJECT 
 

 Studies show us children born from 

consanguineous marriages are vulnerable to 

autosomal recessive diseases such as GSD.8 

When we examine Turkstat (TSI) data it is seen  

consanguineous marriage rate in Turkey 

between 2012(23.3%)-2016(23.2%) is still 

above 20%.9,10 When we consider the incidence 

of GSD Ia which occurs 1 per 100,000 live11 

birth and in relation with consanguineous 

marriages, GSD Ia is a threat on country like 

Turkey have an issue family planning. In GSD 

type Ia patients, glucose  

 

homeostasis is cannot maintain, and GSD type 

Ia patients show recurrent hypoglycemia, 

chronic lactic acidosis, growth failure, 

hyperuricemia, hyperlipidemia, hepatomegaly, 

hepatopathy. Although the researches are still 

ongoing, there is no genetic treatment for this 

threat yet, but GSD Ia patients are given a diet 

to prevent hypoglycemia. When we look at the 

researches, we see that many different point 

mutations on G6PC, located on chromosome 

17q21, results with GSD Ia. However, we 

examined researches carefully and it is seen 

R83C is considered one of the most common 

(FIGURE 1) pathogenic mutations.12,13     

 A study about novel variants of GSD 

shows that the R83C mutation is a common 

point mutation in Turkey too.14 R83C mutation 

located in exon 2 causes the conversion of 

arginine to cysteine at codon 83 and occurs 

because of the conversion of cytosine, the 

247th base, to thymine in coding DNA. 

ClinVar 
ID 

Protein 
Change 

Pathogenicitya 

gnomAD 
v2.1.1 Allele 
Frequency 

gnomAD 
v.3 Allele 

Frequency 
TopMed 

Submissions 
/Cited 

214458 P144P Not Possible 0.02164 0.02352 0.02423 6/1 

11998 R83C Absolutely 0.0002231 0.0003351 0.00038 20/28 

863144 H119L Absolutely - - - 1/3 

522204 R170X Absolutely - 0.00002793 0.00004 7/9  

929150 R170Q Pathogenic - 0.00002094 - 2/5 

803396 H176Y Likely - - - 1/- 

12000 Q347X Absolutely 0.0001911 0.0002513 0.00018 11/14 

Table 1 a Pathogenicity results depend on submissions’ reports and protein researches. (ClinVar) P144P correspond our control variant.  

FIGURE 1 When we examine the exons 
of G6PC we found some active and 
binding sites to understanding 
variations how much affect phenotype. 
The genotype-phenotype correlation is 
not always pop itself correctly thanks to 
natural protein interaction. Even so, we 
should have known what these sites 
have a special role are to see which 
variants have more critical.  To anchor 
substrates will interaction with enzyme 
there must binding sites. The active 
sites are related with enzyme activity 
directly such as histidine at 176t h  
position is a proton donor.  



 

Correction target mutation efficiently is 

possible with the Prime editing tool or the Base 

editing tool. In terms of efficiency, using prime 

editing, a treatment with high on-target 

efficiency and low off-target efficiency is 

acquired, while when base editing is used, a 

treatment with higher than prime editing on-

target efficiency with some situation when it is 

possible, but with maybe off-target possibility 

is acquired. Show regard to the current 

researches, there are experiments to increase 

the on-target efficiency in prime editing, and 

for base editing, experiments are made to both 

increase the on-target efficiency and reduce 

the off-target efficiency.27,28 We also see 

attempts to correct multiple point mutations 

using prime editing.28 The aim of our project is 

that we will correct our target mutation with a 

system that has a high on-target efficiency in 

terms of efficiency and non-off-target 

efficiency, and in addition our target mutation, 

we aim to correct one or more mutations. 

Consequently, the systems we will use in the 

project that were created as systems to achieve  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

these results. In terms of applicable, requisites 

of prime editing and base editing are accessible 

and that helps to apply these tools easily. Also 

in terms of cost, requisites of prime editing and 

base editing are very low when it comprises 

current genome editing techniques like ZFN.29 

Like all the other CRISPR techniques 

there are many free software tools to design 

prime editing and base editing include 

optimizations.30 These tools also cited in  

many articles officially.16 When we select the  

right tool for us we paid attention that it is  

based on an article, up to date and has many 

references. (Table 2) 

Beginning in the genome-editing 

experiment finding correct cell lines may 

toilsome. While searching the cell line labelled 

by wild type mutations, we will use doing the 

control of the applicability of the mentioned 

gene-editing systems, we saw many cell lines 

are the fit for the purpose. We designed a 

strategy for development of treatment to apply 

on these lines, in three steps and one 

additional. 

 Tool Specialization Ease of Use Algorithm15 Cited17 Table 2 There are 
many computational 
analyse tools like 
them on the web, 
but some of are not 
up to date and some 
have very similar 
functions to each 
other. 
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 Cas-Offinder16 Off-Target 
Medium 

(Standalone) 
Best 332 

Base Editing17 Analyse Easy Strong - 

Prime Editing Analyse Easy Strong - 

 CHOPCHOP18 CasX Very Easy Bowtie 407 

 CRISTA19 Off-Target Very Easy BWA - 

 CRISPOR20 Design sgRNA Very Easy Best 295 

 
FORCAST21 All-in-one 

Easy (Not 
compatible 
with Win10) 

- - 

 
Crispr ML22 Best Algorithm Very Easy Best 26 

 
multicrispr23 

Strong 
Algorithm 

Hard - 0 

 pegFinder24 Design pegRNA Easy - - 

 PrimeDesign25 Design Easy - - 

 
PrimeEdit26 

Designed 
Library 

Very Easy 
Flashfry like 

Cas-
Offinder 
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Considering all these delivery systems, the ideal 

one for CRISPR / Cas9 should limit potential off-

target, immune responses, and genome 

integration. At the same time, this system 

should be capable of carrying one or more 

sgRNa with the Cas9 enzyme and must provide 

transmission is efficient. Due to the lack of 

carriers that can systematically deliver RNPs, 

many therapeutic targets cannot be reached 

with current methods but the engineering of 

modified lipid nanoparticles is a generalizable 

methodology that allows efficient delivery of 

RNPs to the cell and regulation of tissue 

including muscle, brain, liver, and lung. In the 

experiment performed, intravenous injection 

facilitated the tissue-specific, multilayer 

regulation of six genes in mouse lungs. LNPs 

have several types like cationic and anionic. 

Ionizable cationic lipid avoids the problem of 

denaturing RNPs encountered in dilution 

methods (acidic buffer) used in traditional 

LNPs.  At present, the percentage of RNPs 

reaching the target tissue and encapsulation is 

increased with the addition of a cationic lipid 

that will be positively charged at neutral pH.  

 

Cargoes to be delivered to the target cell must 

be coated with a cationic LNP for delivery 

without denaturing, and since a positively 

charged cationic lipid at neutral pH is required, 

the external LNP must be neutral.42 A delivery 

system adeno-associated viruses (AAVs) are 

non-enveloped, single-stranded DNA viruses. 

AAVs belonging to the Parvovirus family need 

the facilitate of adeno or herpes viruses for 

their replication. AAV serotype 2 was used in 

most AAV-derived vectors. AAV-8 serotypes 

with liver tropism are developed for cystic 

fibrosis, muscular dystrophies, and hemophilia 

gene therapies, respectively. It is the rep 

protein of the virus that provides specific 

integration, and the rep gene has been 

removed from gene therapy vectors. In AAV 

vectors, 96% of the AAV genome, including the 

rep gene as well as the cap gene, was removed. 

In the vector, only remains the inverted repeats 

at the end of the virus. As in other systems, the 

genes required to produce virus particles 

(including rep and cap AAV genes, E2a, E4 

adenoviral genes) are provided by packaging 

cells (HEK 293). What is missing in the 
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How works with 

Crispr-Cas9? 
Is integrated 
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AAV 
AAV8 

specific for 
liver.31 

Medium32 High40 

Nearly 100% AAV 
transduction 
efficiency in 

HEK293T or human 
Huh7 hepatoma 

cells.33 

Episomal-
integrated34,35 

Lentivirus 
Designable 
for target 

cells.36 
Low37 Medium38 

One of the most 
high-efficiency 

delivery methods for 
meeting exogenous 
DNA constructs into 
nearly any cell type45 

Episomal-
İntegrated39,44 
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LNP 
LNP’s can 

be 
modified.40 

None40 Low40 

Cumulative gene 
editing upon 

repeated dosing in 
vivo.41 

Episomal42 



packaging cells is the inverted end repeats of 

AAV. The recombinant vector has not viral 

genome, with that provides a high level of 

safety. However, the AAV genome is so small 

that it can only carry 4.5 kb of DNA. The fact 

that it can carry relatively short DNA sequences 

and cannot be produced at high titers limits its 

use.43 Another problem with AAV vectors is the 

presence of neutralizing antibodies in many 

individuals. Pre-existing anti-AAV immunity 

currently blocks vector-based liver gene 

therapy to 20%-30% of individuals. Another 

challenge is the degradation of hepatocyte 

(Main parenchymal cells of the liver). AAV 

vector application to pediatric patients during 
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