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Abstract

Colibacillosis caused by Escherichia coli serotype O2 is one of the major
bacterial diseases in the poultry industry, leading to substantial economic
losses. The increasing prevalence of antibiotic resistance among pathogenic
strains has highlighted the necessity for alternative strategies, including the
development of vaccines and attenuated strains. The aim of this study was to
design and construct a recombinant CRISPR/Cas9 vector carrying a specific
gRNA targeting the entB gene in E. coli serotype O2, as an initial step
toward the development of an attenuated strain. In this study, a specific
gRNA against the entB gene was designed using the CHOPCHOP web tool.
The forward and reverse oligonucleotides corresponding to the gRNA were
synthesized and, following annealing, were ligated into the Bbsl-linearized
pTargetF plasmid using T4 DNA ligase. The resulting recombinant vector
was then transformed into competent DH5a cells. The successful insertion
of the gRNA fragment into the vector was confirmed by polymerase chain
reaction (PCR) and subsequent sequencing. The results demonstrated that
the designed guide sequence was successfully cloned into the pTargetF
vector. The observation of the expected bands in PCR analysis confirmed
the correct construction of the recombinant construct. Based on the findings
of this study, the designed recombinant vector can serve as a preliminary
tool for targeting the entB gene and for future investigations aimed at
attenuating pathogenic E. coli strains in poultry.
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CTGATGGGCGAAAAAAGCTGTGCTTATCTGGTGGTAAAAGAGCCGCTGCGCGCGGTGCAGGTGCGTCGTTTCCTGCGTGAACAGGGTATTGCC
GAATTTAAATTACCGGATCGCGTGGAGTGTGTAGATTCACTTCCGCTGACGGCGGTCGGTAAAGTCGATAAAAAACAATTACGTCAGTGGCTG
GCGTCACGCACATCAGCCTGAAGGAGAGAACACGATGGCTATTCCAAAATTACAGGCTTACGCACTGCCGGAGTCTCACGATATTCCGCAGA
ATAAAGTCGACTGGGCCTTTGAACCGCAACGTGCCGCGTTGTTAATCCATGATATGCAGGACTATTTTGTCAGCTTCTGGGGTGAGAACTGCCC
GATGATGGAGCAGGTGATCGCGAATATTGCGGCACTACGCGACTACTGCAAACAGCACAATATCCCGGTTTATTACACCGCCCAGCCGAAAG
AGCAGAGCGATGAAGATCGGGCGCTGTTGAATGATATGTGGGGGCCTGGCCTGACCCGTTCGCCGGAACAGCAAAAGGTGGTGGATCGCCTG
ACGCCAGATGCCGACGACACGGTGCTGGTGAAGTGGCGCTACAGCGCGTTTCATCGTTCCCCGCTGGAGCAAATGCTGAAAGAGAGTGGACG
TAACCAGCTGATTATTACCGGGGTATATGCCCACATTGGCTGTATGACCACCGCAACGGACGCATTTATGCGCGATATTAAACCGTTTATGGTG
GCGGATGCGCTGGCCGATTTCAGCCGTGACGAGCATTTGATGTCGCTGAAATATGTGGCCGGACGTTCTGGTCGGGTGGTGATGACCGAAGAA
TTGCTGCCAGCACCTATCCCCGCCAGCAAAGCGGAGCTGCGTGAGGTGATCCTGCCGTTGCTGGACGAGTCCGATGAACCCTTCGATGACGAC
AACCTGATCGACTACGGTCTGGATTCGGTGCGCATGATGGCGCTGGCGGCGCGCTGGCGCAAAGTGCATGGCGATATCGACTTTGTCATGCTG
GCGAAAAACCCGACCATCGACGCCTGGTGGAAGCTACTCTCCCGCGAGGTGAAATAATGGATTTCAGCGGTAAAAATGTCTGGGTAACTGGC
GCGGGGAAAGGTATCGGCTATGCCACGGCGCTGGCATTTGTTGAGGCGGGGGCGAAAGTTACAGG
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Table 1. Sequences of primers designed for amplification of the entB gene

Product size Sequence (5'—3) Primer name
entB-F TGTGTAGATTCACTTCCGCTGA 1035 bp
entB-R TGGCATAGCCGATACCTTTC
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53 S5 e lbae il lg . gRNACS S ool S“NGG-3' & 50 PAM. 15 5 SpCasd ailalu il 5 gRNA
M edsbml Gus JIg s as Cbal offtarget Jlaas! JBlus 5 Yo cuslant| ol oS slasl (O sdicbli= 4>l
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Rank Target sequence Genomic location Strand GC content (%) Self-complementarity MM@  MM1  MM2  MM3 Efficiency
1 TAACCAGCTGATTATTACCGGGG seq:649 + 48 -] 1 8 @ [} 75.1@
2 CATATCATGGATTAACAACGCGG seq:312 - 35 e 1 e :} ] 73.35
3 GGTGAAATAATGGATTTCAGCGG seq:1069 + 35 (-] 1 8 @ @ 73.11
4 GCCTGAAGGAGAGAACACGATGG 5eq:282 + 55 1 1 ] ] ] 73.82
5 TGGCTGTATGACCACCGCAACGG 5eq:685 + 55 (<] (<] 8 a a 71.82
6 GTGGAAGCTACTCTCCCGCGAGG seq:1848 + 65 e 1 ] ] ] 69.84
7 ACCGGGGTATATGCCCACATTGG 5eq:665 + 55 8 1 ] a a 68.39
8 GCGACATCAAATGCTCGTCACGG seq:766 = 58 -] 1 8 @ [} 65.7@
9 AAATCCATTATTTCACCTCGCGG seq:16863 - 35 e 1 e :} ] 64.91
18 GGTGGTCATACAGCCAATGTGGG 5eq:678 > 58 (<] 1 8 a a 63.88
11 GAACTGCCCGATGATGGAGCAGG seq:364 + 60 8 1 8 a a 63.60
Rank: 10
Target sequence: GGTGGTCATACAGCCAATGTGGG
CATTGGCTGTAT GACCA CCCA ACGEACGEATTTAT GLOEGATAT TAAACCOTTT ATGGT GECGGATGCGETGGEEGA T TCA GECGT GACGAGCAT TTRAT GTCETGAAATATETGE
[ ] [ | | [ ] | | [ |
[ ] [ | [ | |
| ]
[ ]
7 7 740 7 78
PAM Site BRNA binging site

BG CTATTCCAAAATTACAGGCTTACGCACTGCCGEAGTEICACGATAT
AGTCGACTGGGCCTTTGAACCGCAACGTGCCGCGTTGTTAATCCATGA

entB ;5 » PAM Jlg s gRNA Jlail oSl 51 Sless (slod 5 axlllas 5 oslizul ogr CHOPCHOP oL 51 gRNA slacal; J S0 50 51 a5 S 0 s 505 Y K2

Fig 1. gRNA Examples from the CHOPCHOP Database for Use in Study and a Schematic Representation of the gRNA Binding Site and
PAM Sequence in the entB Gene
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Table 2. Sequences of oligonucleotides designed for construction of entB-specific gRNA

Oligonucleotide name Sequence (5'—3")
gRNA-F TGCGGAATATCGTGAGACTC
gRNA-R GAGTCTCACGATATTCCGCA
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Table 3. Primer sequences used in colony PCR for confirmation of gRNA insertion into the pTargetF vector

Order of using primers Primer name sequence (5'—=3") Product size

First microtube F-pTarget vector AGCGAGTCAGTGAGCGAG 400
R-pTarget vector ACTCCACCGCTGATGACATC

Second microtube gRNA-F TGCGGAATATCGTGAGACTC 270
R-pTarget vector ACTCCACCGCTGATGACATC

Third microtube F-pTarget vector AGCGAGTCAGTGAGCGAG 150
gRNA-R GAGTCTCACGATATTCCGCA
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Figure 2. Physical and thermodynamic properties of entB-F and entB-R primers and confirmation of the presence of the target gene (Lane 1:
studied serotype containing entB gene; Lane 2: negative control (distilled water); M: 100 bp DNA marker).
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Figure 3. Alignment results of the entB gene sequence in six different Escherichia coli serogroup O2 strains.

Osewloy sausl 5 0L 5,1 g pTargetF dud'ﬂ o

ol 3 53 HUatl 340 o3Il 3 3 i Ll G S sba ol ol ot s ge L pTargetF S5 48 sy ol e 5l 5 0 =l
G5 daaetly JUH 5 O ganlo s il 5 05 g0 el aih 3o 0 dd3OLES oo sl (G5l S Lo (g5, Lo S M) rimen LS
2L SU sadshe 45 Wsls OLES Laaly ol i sl (g, i J a8 by 55 blis 45 .35 DHSa slad sho a0 Cuoslin 05
LS Wi, us el Colony PCR 1 aslisal b das o 53 5555 43 gRNA askas 5555 Ayl oS ils 1 doandly Ll
Caslin S e 5 SN g QU e 4 55 Ol el 5 s 0dinn0lEs s 5T Gl T ool 5
B S 55 58S s s 3 L (S

Colony PCR L pTargetF ;¢S5 4 gRNA askd 55,5 KW

L &S sls Olis pTargetF dewdl 3 bs gRNAGH G a8 Kls 2.U skt 4 PCR &Y suames St S GT S Jol=
S esliial b (sl YVe il () Saly) 68U 53 5585 SuislS Sl e ¢ RC 5 FC sla a5l oslinel L (3l £00
/ gRNA-R)  sla pasl )'| sl b g3k V00 Wb 5 gRNAKG IS Ll 4k 4y ( RpTarget vector/ gRNA- F) Sla sl
(sl G L ))k../a @ emmen A3 S edalise Asiews E. coli s SU s gRNA KL IS ol | gl (FpTarget vector
CLC Ll 5 5l eslizad b b JI5 5l Jools ol A eslin 3 oy &S00 0 JI5 end lp 5 o] Sl S 550 dadly
pTargetF ;585 05,3 002048 gRNA I 45 sls 0lis LUl .o 8 513 Lo 5 452 3550 ¥ a5eiGenomics Workbench

Ve linno) g 5l [V o lods /00,4 0590 [ (Sums § (sl 9 S (owiiiies


http://dx.doi.org/10.61882/gebsj.14.2.4
https://gebsj.ir/article-1-554-fa.html

[ Downloaded from gebs.ir on 2026-08-24 ]

[ DOI: 10.61882/gebsj.14.2.4 ]

05 gRNA sis Jom pTargetF s 55 Jibcxle 5 ~1 b OLea 5 5l

ol citle 5 KlS aul B Gng seelcadige Al b woasl ol ol Sl sy I8 L (ke s do) Verl wlis glls
S o dul | gRNA (5l S 5 5

Sy elelis ¢l RNA slaal, J oS 5l eslinal [s « w55 omlns 3 2,08 5 slaslpl ) 5 Ol geas CRISPR/Cas9 ailola
((Kordzadeh-Kermani et al.,2023 .l 5 pdilasil 5 Sesle >1 b Li 5l TALEN 5 ZFN wile i sla gy 4 Cod o Bla
SZEN kb pla Sy 368 Jb 55 s 0 el gRNA (slacaly i s sk ‘_;wbjl’l.:m o g s @bl il 5
Chandrasegaran and Carroll., 2016; Hille ef ) 5)ls s3> olatl glac sy, b 4 5L Gas Jg a ¢y TALEN
Sh pwdige Sladllas 5 tadds sbaalle > b 6|y sl (55l 3l 4 CRISPR/Cas9 o cowl ol sl S35 ol (al.,2018

2 s b S

§
"
£
a
:
%
2

B ¥ 58 ogymsEs

o2y o pTargetF [us, ¥ Sabr dkb Sl ) Sabr pTargetF. sy a5l i s - £ K3
.ot b pTargetF 55 ¥l

Figure 4. The result of the enzymatic digestion of the pTargetF vector. Lane 1: 1 kb DNA ladder; Lane 2: Undigested pTargetF vector; Lane
3: Linearized pTargetF vector.
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Figure 5. Plate 1: colonies obtained after transformation on solid culture medium containing spectinomycin; Plate 2: negative control.
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Figure 6. Verification of gRNA cloning into the pTargetF vector using PCR and sequencing analysis. Lane 1: 400 bp PCR product; Lane 2:
270 bp PCR product; Lane 3: 150 bp PCR product; Lane 4: 100 bp DNA ladder.
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