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Abstract
To construct wild-type E. coli irp2 gene deletion strains, CRISPR/Cas9 gene editing technology was used, and the difficulty 
and key points of gene editing of wild-type strains were analyzed. Based on the resistance of the CRISPR/Cas9 system 
expression vector, 4 strains of 41 E. coli strains isolated from Saba pigs were selected as the target strains for the deletion 
of the irp2 gene, which were sensitive to both ampicillin and kanamycin. Then, CRISPR/Cas9 technology was combined 
with homologous recombination technology to construct recombinant vectors containing Cas9, sgRNA and donor sequences 
to knock out the irp2 gene. Finally, the absence of the irp2 gene in E. coli was further verified by iron uptake assays, iron 
carrier production assays and growth curve measurements. The results showed that three of the selected strains showed 
single base mutations and deletions (Δirp2-1, Δirp2-2 and Δirp2-3). The deletion of the irp2 gene reduced the ability of 
E. coli to take up iron ions and produce iron carriers, but not affect the growth characteristics of E. coli. It is shown that the 
CRISPR/Cas9 knock-out system constructed in this study can successfully knock out the irp2 gene of the wild-type E. coli. 
Our results providing new insights into genome editing in wild-type strains, which enable further functional studies of the 
irp2 gene in wild-type E. coli.

Keywords  CRISPR/Cas9 · Escherichia coli · Gene editing · irp2 gene · Iron absorb

Introduction

Saba pig is an excellent local breeding pig in Yunnan prov-
ince in China, with wide distribution and large quantity, and 
is listed as a national livestock and poultry genetic resource 
protection breed (Lian et al. 2006). For a long time, due 
to inadequate feeding management and disease prevention 
and control, diarrhea and death caused by pathogenic E. 
coli infection in Saba pigs has become an important factor 
seriously threatening the development of characteristic pig 
industry in Yunnan province. The pathogenicity and viru-
lence of E. coli are related to the high pathogenicity island 
(HPI), and the pathogenicity and virulence of E. coli are 
enhanced due to its existence (Rakin et al. 2013). Studies 
have shown that HPI has the characteristics of horizontal 
transfer, which has been found in different Enterobacte-
riaceae (Tu et al. 2017; Messerer et al. 2017; Benedek and 
Schubert 2007). HPI has a 30.5 kb functional core regions 
and carries irp1-irp9 genes related to iron element syntheses, 
regulation and uptake. Irp2 as a marker gene of HPI is an 
iron-regulated gene, which is only expressed in pathogenic 
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bacteria and plays an important role in the syntheses of iron 
carriers and synthesis yersiniabactin (Ybt) (Tu et al. 2016; 
Magistro et al. 2017). Irp2 expresses the high molecular 
weight protein 2 (HMWP2), which is mainly involved in 
siderophore and induces the expression of ironophore. E. 
coli have the ability to acquire iron from host species, and 
this ability is a major influence factor on their pathogenesis. 
Some reports have shown that deletion of irp2 in E. coli 
abrogated Ybt production, reduced its ability to adhere to 
cells, and the LD50 value showed a reduction in its virulence 
(Smati et al. 2017; Tu et al. 2016). Therefore, it has potential 
values and significance to explore the relationship between 
iron uptake ability and irp2 gene in E. coli.

The CRISPR/Cas9 system composed of clustered regu-
larly interspaced short palindromic repeats (CRISPR) and its 
affiliated Cas9 protein that exists on some bacteria and most 
archaic (Wiedenheft 2013). When foreign genes invade bac-
teria and archaic, they identify the invading DNA and insert 
it between the leader and repeat sequences of the CRISPR 
sequence, while the protospacer adjacent motif (PAM) to 
help Cas9 nuclease finds the cleavage site of the invading 
DNA, Cas9 protein then cleaves the foreign DNA to degrade 
it to protect the bacteria from harm (Hsieh-Feng and Yang 
2020). Subsequently, the system was artificially modified 
with CRISPR/Cas9 gene editing technology (Demirci et al. 
2018), which is simple, efficient and accurate compared to 
zinc finger nuclease (ZFN), transcriptional activator-like 
effector nuclease (TALENS) and homologous recombina-
tion technology (Urnov et al. 2010). It can be widely used 
in animals (Yang et al. 2018), plants (Zhang et al. 2017; 
Feng et al. 2013) and microorganisms (Cho et al. 2017) 
gene research. In CRISPR/Cas9 gene editing system, Cas9 
protein is reflected on the double-strand break in DNA. If 
the broken gene is not repaired, the cell will die, which is 
one of the important factors that limit the effective function 
of the system. Most prokaryotic lack double-stranded DNA 
repaired system. When using CRISPR/Cas9 system to edit 
E. coli genes, the donor homologous to the target gene needs 
to be added to the vector as a template for repairing DNA 
double-strand breaks (DSB) to make sure that broke genes 
can be repaired. In addition, when homologous repair donor 
sequences exist, the double-stranded DNA cleaved by Cas9 
protein can carry out spontaneous homologous recombina-
tion, and the repair efficiency is greatly improved (Altenbu-
chner 2016). Therefore, this work will adopt the strategy of 
combining CRISPR sgRNA and donor to knock out the irp2 
gene of wild-type E. coli.

Although, the CRISPR/Cas9 technology has been widely 
and maturely applied in E. coli, there is still a paucity of 
reports on genome editing in wild-type E. coli, which would 
pose a problem for the study of wild-type E. coli gene func-
tions. Therefore, this work intends to construct wild-type 
E. coli targeting the irp2 gene knockout through CRISPR/

Cas9 gene editing technology, and to explore the correlation 
between irp2 gene and iron uptake capacity of wild-type E. 
coli. Finally, the key points of using CRISPR/Cas9 technol-
ogy to edit wild-type E. coli genes are highlighted, with a 
view to providing some reference for using this technology 
to edit the genomes of the remaining wild-type pathogens.

Materials and methods

Materials

pEsgRNA-eGFP and pCas plasmids are relaxation plasmids, 
which are used in genome engineering ways. The pEsgRNA-
eGFP plasmid (Biomics Biotech Company, Kunming, 
China) carries the ampicillin resistance gene (Ampicillin, 
60 μg/ml). The plasmid pCas (Biomics Biotech Company, 
Kunming, China) carries kanamycin resistance gene (Kana-
mycin, 50 μg/ml) and can encode Cas9 nuclease.

41 wild-type E. coli strains were isolated and identified 
from a Saba swine farm in Chuxiong autonomous prefec-
ture of Yunnan province in China. E. coli DH5α strain and 
CVCC1565 strain (irp2+ bacteria) were preserved in our 
laboratory. Bacterial genomic DNA extraction kit, agarose 
gel DNA recovery kit and plasmid mini-extraction kit were 
purchased from Tiangen Biochemical Technology Co. Ltd. 
(Kunming, China). Other reagents were all domestic analyti-
cal pure products.

Screening of irp2 gene knock‑out target strains

41 E. coli strains isolated from Saba pigs were screened 
by LB medium containing ampicillin (60 μg/ml) and kana-
mycin (50 μg/ml) and the DNA of the selected strains was 
extracted by DNA extraction kit. The irp2 gene in wild-type 
E. coli was amplified by PCR using primers irp2-F: 5′-TTC​
CTT​CAG​TCG​CCT​GTT​A-3′, irp2-R: 5′-CAA​GCC​CGA​CAT​
ACT​CAA​TCT-3′ (GenBank No. BX-936398.1). Then, the 
PCR amplified products were identified by 1% agarose gel.

Construction of vectors

Construction of pEsgRNA‑irp2 (T1, T2, and T3) plasmids

According to the design principle of sgRNA, the target site, 
upstream and downstream sequences of sgRNA were deter-
mined according to the results of irp2 gene sequence using 
online website (http://​spot.​color​ado.​edu/​~slin/​cas9.​html). 
Then, 3 target locations were identified, named sgRNA-
irp2T1, sgRNA-irp2T2, and sgRNA-irp2T3, respectively 
(Table 1). The designed 3 pairs of sgRNA sequences were 
synthesized by the company and then connected.

http://spot.colorado.edu/~slin/cas9.html
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After the pEsgRNA plasmid was extracted by kit, the 
pEsgRNA plasmid was digested with BamHI and XbaI 
restriction endonucleases to form the cohesive ends GATCC 
and CTAGA complementary to sgRNA. Then, 3 annealed 
double-stranded sgRNA (irp2T1, irp2T2, irp2T3) were 
linked with plasmid pEsgRNA which was digested by XbaI 
and BamHI restriction enzyme. Subsequently, the linked 
products were transformed into E. coli DH5α. After cul-
ture, 3 positive clones were selected from the plates trans-
formed by pEsgRNA-sgRNA (irp2T1, irp2T2, and irp2T3) 
for sequencing verification. Finally, the correct vectors 
were named pEsgRNA-irp2T1, pEsgRNA-irp2T2, and 
pEsgRNA-irp2T3.

Construction of pEsgRNA‑irp2 (T1, T2, and T3)‑donor 
plasmids

To repair the irp2 gene effectively cut by Cas9 nuclease, the 
constructed pEsgRNA-irp2 (T1, T2, and T3) vectors need 
to inserted into the donor sequence which is homologous 
to the irp2 gene. Using irp2 gene as the template, the right 
and left donor primers were designed, and the irp2 gene was 
amplified by overlapping PCR. The primers information was 
shown in (Table 2).

The genomic DNA of the target strains were used as 
the template for the amplification of left and right donors. 
L-donor was amplified by primers L1 and L2, R-donor was 
amplified by primers R1 and R2. After acquiring L-donor 
and R-donor, connect them. The ligated donor and pEs-
gRNA-irp2 (T1, T2, and T3) plasmids were treated with 

SalI and SphI endonuclease to produce the same cohesive 
ends. To connected donors with the pEsgRNA-irp2 (T1, 
T2, and T3) plasmids by T4-DNA ligase. All ligation prod-
ucts were transformed into E. coli DH5α, cultured over-
night at 37 °C, then the positive clones were selected the 
next day. Subsequently, the donor sequence in the vector 
was amplified by PCR and verified by sequencing. Finally, 
the verified vectors were named pEsgRNA-irp2T1-donor, 
pEsgRNA-irp2T2-donor, and pEsgRNA-irp2T3-donor.

Irp2 gene knocking out by CRISPR/Cas9 gene editing

The pCas vector was transformed into target strains, 
and positive clones were screened by LB plate contain-
ing kanamycin. Subsequently, the constructed vectors 
pEsgRNA-irp2T1-donor, pEsgRNA-irp2T2-donor, 
and pEsgRNA-irp2T3-donor were transformed into the 
selected E. coli strains containing kanamycin resistance 
gene. There were four groups of each time-point (at 12, 
24, 36, and 48 h). The first group included pCas and pEs-
gRNA-irp2T1-donor, the second group included pCas and 
pEsgRNA-irp2T2-donor, the third group included pCas 
and pEsgRNA-irp2T3-donor, the last group included 
pCas, pEsgRNA-irp2T1-donor, pEsgRNA-irp2T2-donor, 
and pEsgRNA-irp2T3-donor. The positive clones were 
screened by LB plate containing ampicillin and kanamy-
cin. Four positive clones of each group were chosen for 
PCR amplification and sequencing.

Table 1   The sgRNA sequences 
of irp2-(T1, T2, and T3)

The underlined bases are protective bases of the restriction enzyme digestion sites

Name Sequence 5′–3′ (forward/reverse) Restriction sites

sgRNA-irp2T1 GATC​GTC​TCA​GGA​TTC​GCT​GTT​ACC​GTT​TTA​GAG​ BamHI
CTAG​CTC​TAA​AAC​GGT​AAC​AGC​GAA​TCC​TGA​GAC​ XbaI

sgRNA-irp2T2 GATC​GAT​TAC​CAA​CAA​TTA​CGC​GAG​GTT​TTA​GAG​ BamHI
CTAG​CTC​TAA​AAC​CTC​GCG​TAA​TTG​TTG​GTA​ATC​ XbaI

sgRNA-irp2T3 GATC​GCC​TTA​CCC​TTC​GCG​AGC​TGT​GTT​TTA​GAG​ BamHI
CTAG​CTC​TAA​AAC​ACA​GCT​CGC​GAA​GGG​TAA​GGC​ XbaI

Table 2   The primers for amplifying donor sequences

a The base marked with an underline is the protective base of the corresponding restriction site
b The bases in bold form were restriction sites (SalI and SphI)
c The bases in italic format are the overlap sequences used to connect donor sequences by overlapping PCR

Primers Sequence 5′–3′ (forward/reverse) Product size(bp) GenBank acc. no.

L1 ACGC​aGTC​GAC​bGAT​CTG​CTG​CTG​GCT​GAT​CTGA(SalI) 471 CP058574.1
L2 CGT​ACT​TTC​GGT​CAT​GTT​CGcGAT​GGC​ACG​TCT​TAC​CGA​AAAGC​
R1 TTT​CGG​TAA​GAC​GTG​CCA​TCcCGA​ACA​TGA​CCG​AAA​GTA​CGC​ 400 CP058574.1
R2 ACAT​aGCA​TGC​bCGG​TGG​CGA​TTG​TCCG(SphI)
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Determination of growth curves

After the target strains of E. coli were cultured overnight, 
then 200 μl culture solution was inoculated into 250 ml LB 
medium. The OD600 of culture was measured by ultravio-
let spectrophotometer for periods of time ranging from 0 to 
23 h. The growth curve of E. coli was plotted with time as 
abscissa and OD600 as ordinate.

Detection of iron carriers

The E. coli strains were inoculated into LBD liquid medium 
(2-2′-bipyridyl 0.4 mmol/l) for night culture, take 2 ml of the 
bacterial solution and centrifuged at 8000 r/min, then suck 
1.5 ml of supernatant and add to the same volume of chrome 
azurol sulphonate (CAS) detection solution. When iron ions 
were dissociated from the CAS complex after 1 h, the color 
of the CAS blue detection solution became orange-yellow. 
According to the ratio of the 630 nm light absorption of the 
CAS blue detection solution before and after the iron car-
rier was added, the concentration of test E. coli strains to 
produce iron carriers was determined (Schwyn and Neilands 
1987). The ratio of A/Ar (Ar is the control value) as a quan-
titative indicator. The smaller the A/Ar ratio is, the larger the 
1 − A/Ar ratio is, and the higher the yield of iron carriers is.

Determination of iron absorption capacity of E. coli 
strains

E. coli strains were infected with porcine intestinal epithelial 
cells (IPEC-J2 cells), and a control group was established 
at the same time. The cells and supernatant were collected 
at 3, 6, 9, 12, and 24 h. After centrifugation at 3000 rpm 
for 5 min, 200 μl supernatant was drawn after precipitation 
was removed, and the concentration of iron ion in cells was 
determined according to the instructions of iron determina-
tion kit. The significance of data difference was analyzed 
using GraphPad prism 6.0 and SPSS 24.0 software.

Results

Screening of target strains and identification of irp2 
gene

41 strains of wild-type E. coli were inoculated in LB 
medium containing ampicillin (Ampicillin concentration 
was 60 μg/ml), and 10 strains were sensitive to ampicillin. 
10 strains of ampicillin sensitive E. coli were inoculated in 
LB medium (kanamycin concentration was 50 μg/ml), four 
strains of them were sensitive to ampicillin and kanamycin. 

Finally, the irp2 gene was found in four strains of E. coli 
screened by PCR amplification, which could be used as irp2 
gene knock-out target strains.

Construction of plasmids

Construction of pEsgRNA‑irp2 (T1, T2, and T3) plasmids

The pEsgRNA plasmid was linearized by double digestion 
with XbaI and BamHI enzymes. Then 3 sgRNAs were con-
nected with the enzymatically digested pEsgRNA plasmid, 
whereafter the ligation products were transferred into E. coli 
DH5α, coated on a plate containing ampicillin and cultured 
overnight at 37 °C. The next day, 3 positive colonies were 
randomly selected from the plate to extract plasmids and 
sequenced, the sequence results were consistent with the 
original sgRNA sequence. The results showed that pEs-
gRNA-irp2 (T1, T2, T3) plasmids were constructed.

Construction of pEsgRNA‑irp2 (T1, T2, and T3)‑donor 
plasmids

The overlapping PCR method was adopted to amplify left 
and right donors with primers L1, L2, R1, and R2. Then 
the left and right donors were linked. The ligated left and 
right donors were digesting and inserted into the vector 
pEsgRNA-irp2 (T1, T2, and T3) and transferred into E. coli 
DH5α. The positive clones were randomly selected from 
the resistant plate. PCR method was used to verify whether 
the donor was linked with pEsgRNA-irp2 (T1, T2, and T3) 
(Fig. 1a).

Construction of irp2 gene knock‑out E. coli strains

The two irp2 gene editing vectors were co-electroporated 
into target strains. After electroporation, the positive clones 
were chosen by overnight culture on LB plate containing 
ampicillin and kanamycin. The positive clones were identi-
fied by PCR amplified and sequenced. The results indicated 
that the first group sequences remained. In the second group, 
point mutations of A → C and C → A as well as the dele-
tion of C base were found at 1073, 1075, and 1076 of the 
irp2 gene sequences in pCas and pEsgRNA-irp2T2-donor 
plasmids transferred strains. In the third group of E. coli 
transferred by pCas and pEsgRNA-irp2T3-donor plasmids, 
point mutations of A → C, C → A, and C base deletion were 
observed at 1073, 1075, and 1076 of the irp2 gene sequence, 
respectively. C → A mutation and C base deletion occurred 
at 1075 and 1076 sites of irp2 gene sequence in the last 
group of E. coli transferred by pCas, pEsgRNA-irp2T1-
donor, pEsgRNA-irp2T2-donor, and pEsgRNA-irp2T3-
donor plasmids, respectively (Fig. 1b). Finally, four strains 
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Fig. 1   Construction of E. coli irp2 gene deletion strains and determi-
nation of growth curves. a Construction of pEsgRNA-irp2 (T1, T2, 
and T3)-donor plasmids. b The sequences comparison between wild-
type strain 1R and gene deletion strains. CGG (the PAM sequence). A 

and C (the red alphabets are mutant bases). Dashed lines (the C base 
deletion). c The growth curves of wild-type E.coli strain 1R and three 
Δirp2 strains
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were named as 1R (wild-type strain), Δirp2-1, Δirp2-2, and 
Δirp2-3.

Determination of growth curves

Four strains of E. coli were inoculated into the liquid 
medium for oscillatory culture, and the optical density val-
ues of bacteria liquid were recorded in different time points. 
The growth curves of E. coli were drawn with the culture 
time as abscissa and optical density value of the bacterial 
liquid as the ordinate. The results showed that the growth 
trend of the strains before and after irp2 gene knockout 
was the same, especially in the delayed and stable periods 
(Fig. 1c).

The results of iron carrier medium detection

Four strains of E. coli and CVCC1565 strain were inocu-
lated into the LBD iron-deficient medium. After overnight 
incubation, the supernatant was centrifuged and mixed with 
CAS blue detection liquid. After 1 h of rest, the light absorp-
tion value of the bacterial liquid was determined at 630 nm 
wavelength. The results showed that the 1 − A/Ar value (Ar 
value was 0.291) of strain CVCC1565 was the highest, and 
the ability to produce iron carriers were the highest. 1 − A/
Ar values of the other 3 strains were generally decreased 
(Table 3). It is suggested that the deletion of irp2 gene leads 
to a decrease in the ability of E.coli to produce iron carriers.

Effect of gene knock out on the uptake of iron by E. 
coli

The changes of iron in IPEC-J2 cells and supernatants were 
measured at 5 different time points using the iron ion detec-
tion kit after 4 strains of E. coli was infected with IPEC-
J2. The results showed that the content of iron ion in the 
experimental group and the control group increased at first 

and then decreased. The content of iron ion in group 1R was 
less than that in group Δirp2. The content of iron in E. coli 
infection group was less than that in control group except at 
the 3rd hour. The content of iron in 1R group was signifi-
cantly less than that in the control group at 5-time points 
(P < 0.01), and the content of iron Δirp2 group was lower 
than that in control group at 6th and 24th hour (P < 0.01), 
and less than in the control group at 9th hour (P < 0.05). 
Besides, there was a significant difference in iron content of 
1R group and Δirp2 group (P < 0.01), on the 3rd, 6th, and 
9th hour (Fig. 2). The results showed that irp2 gene could 
mediate the iron absorption ability of E. coli, which was a 
great threat to cell growth.

Discussion

The CRISPR/Cas9 gene editing system mainly depends 
on vector resistance and the specificity of Cas9 nuclease 
expressed by sgRNA (Zerbini et al. 2017; Jiang et al. 2013). 
Because the vector carries resistance genes, positive clones 
can be screened from the resistance plate to decide whether 
the vector has been transferred to the target bacteria. It 
should be noted that in the gene editing of resistant strains, 
the selection of positive clones should fully consider the 
resistance genes carried by the selected vectors and the drug 
resistance of the strains. Therefore, from 41 wild-type E. coli 
screened 4 strains which were sensitive to Ampicillin and 
Kanamycin for gene editing. SgRNA is a special sequence 
with a length of about 20 bp and its 3′ end is close to the 
PAM sequence. It can complement and pair with the target 
site of genomic DNA as well as can also perform imperfect 
complementary pairing (off-target) with thousands of other 
sequences in the genome (Kleinstiver et al. 2015; Hsieh-
Feng and Yang 2020). Therefore, when designing sgRNA of 
genomic target sites, we need to find PAM sequences in the 

Table 3   The quantitative 
detection of the iron load 
produced by E. coli 

The smaller the A/Ar ratio is, 
the larger the 1 − A/Ar ratio is, 
and the higher the yield of iron 
carrier is. The amount of iron 
carriers produced by E. coli 
CVCC1565 was the largest, and 
the amount of iron carriers pro-
duced by Δirp2 was lower than 
that of wild-type E. coli 1R

Strains A 1 − A/Ar

CVCC1565 0.185 0.364
1R 0.191 0.344
Δirp2-1 0.255 0.124
Δirp2-2 0.228 0.216
Δirp2-3 0.258 0.113

Fig. 2   The changes of iron ion in IPEC-J2 cell and supernatant. 
P values were calculated using the Student’s t test. P < 0.05(*) or 
P < 0.01(**) was considered statistically significant
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target DNA that can be recognized by Cas9. In addition, the 
designed sgRNA can be used for wild-type E. coli irp2 gene 
knockout, we need to obtain the irp2 gene sequence of the 
knock-out strains, and find the wild strains and E. coli engi-
neered strains irp2 gene (the online addresses for sgRNA 
were designed using E. coli engineered bacterial genomes 
as templates) conserved region was used as template to 
design sgRNA. Finally, it is necessary to use software to 
check the specificity and potential off-target sites of gRNA. 
In general, we should consider our experimental materials 
and experimental conditions, select the proper expression 
vector (plasmid), and the specificity of sgRNA to make the 
efficiency of gene editing.

The editing of the target gene is of great significance to 
the study of its role. At present, genome editing technology 
based on CRISPR/Cas9 system is favored (Pyne et al. 2015; 
Sun et al. 2017), which has been applied to gene function 
research of zebrafish (Chang et al. 2013; Li et al. 2016), 
Arabidopsis (Zhang et al. 2018), Saccharomyces cerevisiae 
(DiCarlo et al. 2013; Mans et al. 2015) and other organ-
isms. CRISPR/Cas9 system produces double strands breaks 
(DSBs) in target genes by Cas9 nuclease, and then cells 
repair the damaged DNA through NHEJ or HDR pathway. 
NHEJ, as the main repair method of cells, can occur in any 
stage of the cell cycle. This repair method usually results in 
random insertion or deletion of several to hundreds of bases 
near the double-strand breaks, resulting in gene knockout 
(Hayashi and Tanaka 2019). In this research, three knock-out 
target sites were screened based on the irp2 gene sequence, 
one in the sense chain and the other two in the anti-sense 
chain. Three expression vectors were constructed accord-
ing to three different gene knock-out target sites, then the 
expression vectors and pCas vector were transformed to the 
target strains. According to the sequencing results, there 
were base mutations and deletion in the designed sense 
chain target sites, indicating that one of the 3 vectors played 
a role and the other two expression vectors were out of the 
target. The reasons for off-target were related to the speci-
ficity of sgRNA, the concentration of Cas9-sgRNA, and the 
mismatch between DNA and RNA. In the process of gene 
editing by CRISPR/Cas9 gene editing technology, there will 
be off-target phenomenon. Therefore, we can select several 
more sites and choose sgRNA with high specificity when 
selecting target sites, the concentration of Cas9-sgRNA was 
optimized and a suitable expression vector was selected. At 
the same time, it may be necessary to consider the compat-
ibility of the introduced exogenous expression plasmid with 
the endogenous plasmid of the target strain and whether the 
CRISPR/Cas9 system originally contained in the strain will 
affect the effect of the exogenous expression plasmid. For 
example, since Campylobacter jejuni contains the CRISPR/
Cas9 system, gene editing of this bacterium using CRISPR/
Cas9 gene editing technology requires the consideration of 

suppressing the activity of the Cas9 nuclease it contains to 
achieve the desired gene editing result. On the contrary, the 
CRISPR/Cas system in E. coli is type I-E, and the CRISPR/
Cas system of this type is inhibited by the DNA-binding 
protein H-NS (histone like nucleoid structure protein) when 
performing gene shearing function (Kiro et al. 2013). There-
fore, when using CRISPR/Cas9 gene editing technology to 
edit E. coli genes, there is no need to consider the role of the 
CRISPR/Cas system. Only if all the above issues are fully 
considered and analyzed, then CRISPR/Cas9 gene editing 
technology will be more efficient when applied to gene edit-
ing of wild-type strains.

With the development of molecular biology technology, 
there have been many improvements in CRISPR/Cas9 tech-
nology. Jiang et al. (2015) introduced a homologous recom-
bination system in Cas9 plasmid construction, while the 
donor sequence was later co-transferred into E. coli MG1655 
with the expression plasmid to enable the CRISPR/Cas9 sys-
tem to knock out several genes in this bacterium. The impor-
tant improvement of this system is that the donor sequence 
does not need to be cloned inside the vector and is directly 
co-transformed with the plasmid, thus reducing the difficulty 
of the experiment. Wang et al. (2018) transferred pCas9 and 
pTargetF + donor plasmids into E.coli BL21, which not only 
achieved point mutation of the proB gene, but also avoid 
the risk of repeated cutting by gRNA/Cas9 without altering 
the PAM or inserting additional silent mutations into the 
genome. Li et al. (2021) modified the pCas/pTargetF sys-
tem, CRISPR/Cas9 technology can be applied not only for 
gene editing of E. coli BL21(DE3), K-12 strains MG1655, 
DH5α, CGMCC3705 and other strains, but also to shorten 
the time to edit bacterial genomes. However, these studies 
were conducted on the genome of genetically engineered 
bacteria, not wild-type E. coli.

Existing online sgRNA design tools are not specifically 
targeted at wild-type E. coli. The evaluation of sgRNA 
off-target probability is based on E. coli K12, MG1655, 
BL21(DE3) instead of wild-type E. coli. It might lead to 
inaccurate evaluation of sgRNA off-target probability (Hou 
et al. 2020). So the sequences of wild-type E. coli irp2 
gene need to be compared with those of E. coli using the 
online sgRNA design tool, and 3 sgRNA sequences were 
designed according to their conserved region sequences. 
In addition, given the different resistance phenotypes of 
wild-type E. coli, strains need to be screened for antibi-
otic sensitivity for gene editing. Therefore, 4 strains that 
were sensitive to both ampicillin and kanamycin were 
selected for gene knockout according to the resistance of 
the CRISPR/Cas9 system expression vectors. Finally, the 
irp2 gene was knocked out in three quarters of the wild-
type E. coli strains with CRISPR/Cas9 technology com-
bined with homologous recombination technology, which 
contained recombinant vectors with Cas9, sgRNA and 
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donor sequences. From our current experimental results, 
the knock-out strategy can meet our requirements for gene 
editing of wild-type E. coli. In future research, it is still 
needed to expand the genome data of strains in the online 
sgRNA database, and modify the drug-resistant pheno-
type of wild-type strains according to the resistance of the 
expression vectors, so that the improved CRISPR/Cas9 
system can be used for gene editing of more wild-type 
strains.

The irp2 gene is a marker gene of HPI, which is closely 
related to pathogenicity and virulence. As mentioned in 
the introduction, deletion of the irp2 gene results in the 
inability of the strain to synthesize Ybt and reduced viru-
lence. Therefore, it has potential application values for the 
research of irp2 gene function. To explore the function 
of irp2 gene in wild-type E. coli, the Δirp2 strains were 
constructed by the CRISPR/Cas9 gene editing system, and 
the growth curves of the wild-type 1R and Δirp2 strains 
were measured. The growth curve showed that the delay, 
logarithm and stable phase of the 1R and Δirp2 strains 
were the same, indicating that irp2 gene is not the key 
gene for the growth of E. coli. The results of iron absorp-
tion test and quantitative detection of iron carrier produc-
tion showed that irp2 gene could regulate the ability of E. 
coli to absorb iron and produce iron carrier, these results 
are of great significance for the research of the function of 
irp2 gene in E. coli. This work was the first to knock out 
the irp2 gene of E. coli from wild-type Saba pigs, which 
not only laid a foundation for the application of CRISPR/
Cas9 gene editing technology in microbial gene editing 
but also provided a certain reference basis for the study of 
irp2 gene function.
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