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Abstract

Objective

Targeted gene editing in pathogenic bacteria such as Shigella flexneri 2a using the advanced
CRISPR/Cas9 system is a significant step in developing genetic tools and novel therapeutic
strategies. However, the success of this process heavily relies on the precise selection of
recombinant clones, typically through suitable antibiotic markers. In the current study, we
evaluated the efficacy of antibiotic markers (spectinomycin and kanamycin) in pTargetF:gRNA-

pic and pEcCas plasmids in the clinical strain of Shigella flexneri 2a.

Materials and methods

First, the target region of the pic gene (a crucial virulence factor in Shigella) was identified. Based
on this sequence, gRNA guide sequences, specific primers, and homologous recombination arms
(HDR arms) were meticulously designed. Subsequently, targeted sgRNA cloning to the pic gene
in the pTargetF plasmid was performed, and the plasmid’s structural integrity was confirmed
using PCR and sequencing methods. Next, the successful introduction of the pEcCas plasmid into
Shigella flexneri 2a cells was achieved via heat shock. Following this, the recombinant pTargetF
plasmid, along with HDR arms, was transferred into bacteria containing the pEcCas plasmid using

electroporation. Initial selection of transformed clones during the cloning stage on LB media
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containing kanamycin was successful. To investigate potential antibiotic alternatives, the wild-
type Shigella flexneri 2a strain was also cultured on media containing chloramphenicol,

ampicillin, and streptomycin.

Results

After electroporation and culturing of recombinant and wild-type (control) strains on media
containing spectinomycin and kanamycin, the entire surface of the plates was covered with
uniform bacterial growth, making the differentiation of recombinant clones impossible. This
inability to differentiate resistant clones clearly indicates the intrinsic or widespread resistance of
the Shigella flexneri 2a strain to spectinomycin. Furthermore, indiscriminate and widespread
bacterial growth was observed in the wild-type strain when cultured on media containing
chloramphenicol, ampicillin, and streptomycin, confirming the intrinsic resistance of this strain

to several common antibiotics.

Conclusions

These findings highlight that, in this particular strain, the use of spectinomycin as a selection
marker is inappropriate. For successful editing of pathogenic genes in similarly resistant strains,
it is recommended to employ alternative selection markers to which the bacterium is sensitive
(such as kanamycin), or to utilize markerless systems. Moreover, conducting preliminary
antibiotic susceptibility testing (even in a simplified form) is essential prior to any molecular
cloning or genome editing procedures.
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Introduction

Shigella flexneri, a gram-negative, non-motile, facultative anaerobe, is a major causative
agent of shigellosis, a severe intestinal infection that leads to epithelial damage, mucosal
inflammation, and bloody diarrhea. Among various serotypes, Shigella flexneri 2a is the most
prevalent in developing countries. This strain has shown increasing levels of multidrug resistance
(MDR), complicating treatment options and hindering molecular genetic interventions, such as
CRISPR/Cas9-based genome editing. One of the critical genes involved in the virulence of
Shigella flexneri 2a is the pic gene, located on a pathogenicity island (PAI-1) on the bacterial
chromosome. This gene encodes a serine protease autotransporter, which plays an essential role
in mucin degradation and pathogenesis by facilitating bacterial access to the colonic epithelium.
Genome editing technologies, especially CRISPR/Cas9, offer precise and efficient manipulation
of bacterial genomes. However, the success of such gene editing relies heavily on the selection of
transformed clones using effective antibiotic resistance markers. A common challenge arises
when the host bacterium, such as S. flexneri 2a, exhibits intrinsic resistance to the antibiotic used
for selection, thus limiting the system’s efficiency. Spectinomycin is frequently employed as a
selective marker in CRISPR vectors like pTargetF. Still, its effectiveness in certain bacterial
strains remains uncertain due to potential resistance mechanisms. In many CRISPR workflows,
the selection marker plays a decisive role in determining transformation success, particularly in
bacteria with unpredictable drug-resistance profiles. Therefore, the choice of antibiotic marker
must be not only vector-compatible but also biologically compatible with the host’s innate
resistance mechanisms. This study aimed to assess the efficiency of spectinomycin as a selective
marker in genome editing of Shigella flexneri 2a using CRISPR/Cas9 technology and to explore

alternative antibiotic markers to overcome limitations arising from antibiotic resistance.

Materials and Methods

The pic gene target was identified using bioinformatics tools, and specific guide RNAs
(gRNAs) were designed using CHOPCHOP to optimize GC content and secondary structure. The
gRNA was cloned into the pTargetF plasmid using Bbsl restriction enzyme digestion and ligation
following oligonucleotide annealing. Colony PCR with specific primer sets and Sanger
sequencing confirmed the correct insertion of the gRNA into pTargetF. The Cas9 expression
plasmid pEcCas (conferring kanamycin resistance) was transformed into Shigella flexneri 2a via
heat-shock. Competent cells were prepared using cold 0.1M CaCl. solution and stored in 10%
glycerol at —=80°C. The presence of pEcCas was validated using colony PCR. Electrocompetent
cells harboring pEcCas were transformed with both the recombinant pTargetF:gRNA-pic plasmid
and donor DNA containing homology-directed repair (HDR) arms. Electroporation was

performed at 1800 V, and transformed cells were recovered in LB broth without antibiotics and
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plated on LB agar containing spectinomycin (100 pg/mL) and kanamycin (50 pg/mL). To test
alternative antibiotics, wild-type Shigella flexneri 2a was also plated on LB agar supplemented

with ampicillin, chloramphenicol, and streptomycin at standard working concentrations.

Results

The presence of uniformly distributed bacterial growth across LB agar plates containing both
spectinomycin and kanamycin demonstrated that S. flexneri 2a is intrinsically resistant to
spectinomycin. This resistance made it impossible to distinguish recombinant colonies from non-
transformed cells. In contrast, kanamycin selection proved successful. When plated on
kanamycin-containing media, distinct and isolated colonies of S. flexneri 2a containing pEcCas
were observed, indicating that the strain remains sensitive to kanamycin, making it a suitable
selective marker in this context. Further investigation revealed that S. flexneri 2a also exhibited
dense and uniform growth on LB agar plates containing ampicillin, chloramphenicol, and
streptomycin, indicating broad intrinsic or acquired resistance. Control experiments using
Escherichia coli O157:H7, a spectinomycin-sensitive strain, validated the effectiveness of
spectinomycin as a selective agent in susceptible bacteria. Clear, isolated recombinant colonies

were observed in E. coli, whereas the same medium failed to select clones in Shigella flexneri 2a.

Conclusions

Our study provides evidence that spectinomycin is not a suitable selective marker for
CRISPR/Cas9-based genome editing in Shigella flexneri 2a due to its intrinsic or acquired
resistance. This resistance impairs the identification and selection of recombinant clones, which
is a critical step in genome editing workflows. The data highlight the necessity of conducting
antibiotic susceptibility testing before implementing selection strategies in molecular cloning or
gene editing projects. Without this pre-evaluation, there is a risk of selecting false-positive clones
or misinterpreting transformation efficiency. Techniques such as minimum inhibitory
concentration (MIC) assays or disk diffusion testing are recommended for preliminary screening.
For future research involving resistant strains like S. flexneri 2a, we recommend adopting
alternative antibiotic markers, such as kanamycin, which showed consistent selective efficiency
in this study. Alternatively, markerless CRISPR/Cas9 systems could be employed to eliminate
the reliance on antibiotic-based selection altogether. Markerless systems use counter-selection or
site-specific recombination techniques to isolate edited clones without the need for antibiotic
resistance genes. This study also underscores the broader concern of increasing antibiotic
resistance in clinical strains of Shigella flexneri, especially serotype 2a. The dissemination of
plasmids carrying resistance genes such as aadAl, often associated with resistance to both

spectinomycin and streptomycin, could be a contributing factor. These plasmids encode
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modifying enzymes like adenyltransferases, which chemically inactivate spectinomycin.
Mutations in 16S rRNA and ribosomal proteins may also contribute to resistance, further reducing
the efficacy of traditional selection markers. Overall, this research emphasizes a critical aspect of
genome engineering: that the host’s antibiotic resistance profile must be factored into vector and
marker selection to ensure experimental success. Moreover, tailoring the selection strategy to each
strain’s resistance landscape not only enhances experimental efficiency but also prevents
misinterpretation of genome editing outcomes due to unintended background growth.
Understanding these limitations and planning around them enables researchers to achieve more

reliable and interpretable results in bacterial genome editing studies.
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Table 1. Bacterial strains and plasmids used in different stages of the study

Company su 3l &S i Bacterial strain/plasmid o / 555U 439w
Ol e 9 (S gD o 550 Shigella flexneri 2a
b oKD (659 gur9,5u0 09,5 Escherichia coli DH5a
Oyl ) g (S5 plBd e 55 s Escherichia coli O157:H7
Addgene* PTargetF plasmid
Addgene pEcCas9 plasmid

GRNA Siigls SLST b poulyy ¥ Jgu

Table 2. Primers for gRNA cloning confirmation
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oL Fyoslyp Jlg5 oL R yoolyp Jlg5 31K
o2l ) (5'23") o ool ) (5'23) o Jpaxe
Primer F Primer Sequence (5'—3") Primer R Primer Sequence (5'—3’) (bp)
Name Name Product
Size
(bp)
F- AGCGAGTCAGTGAGCGAG R- ACTCCACCGCTGATGACATC 400
pTarget- pTarget-
vector vector
R- ACTCCACCGCTGATGACATC gRNA ACCAACAGATTATCTGAACC 270
pTarget- (W)
vector
F- AGCGAGTCAGTGAGCGAG gRNA GGTTCAGATAATCTGTTGGT 150
pTarget- (K)
vector
PEcCas swowdly s yoslp V' Jous
Table 3. pEcCas Vector Primers
il ot F yoaly Jly il ot R ol Jly Jgpazeo 051!
Primer (5’23 Primer (5’23 (bp)
Name F Primer Sequence (5'—3') Name R Primer Sequence (5'—3') Product Size

(bp)

F-pEcCas ATGGATAAGAAATACTC R- TCTAAAATATACTTCAGT 4120

AATAG pEcCas CACCTCC
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Table 4. Primers for Homologous Arms and Donor DNA Construction

Jseao o3l
Primer Name Sequence (5'—3") Product
Size (bp)
Al GGTGCTACGAACTGGTGGAATGTCATACCAACAGATT 52
ATCTGAGTCGACCAC
A2 CGTCCTGCATAACCTGGTAAGCGGTGTAACGTTCAGT 48
GGTCGACTCAG
A3 CCGGAAACAAAGTCTACGGGGGCATCGAAATCGTCCT 48
GCATAACCTGG
Primer(F)-amp TATTAATGGTGCTACGAACTGG 22
Primer(R)-amp CCCAGTCCGGAAACAAAG 18

Sxiama Jols (g5boodlel gl E. coli DH50L 4 g IDHS0 dtiamno (s Jgbw ygawle yodunl i g (g 5Lwodlo]
0.1 M CaClz 5y Joloxo b b Johor 53,5 bl oo )& 516 55 g b 00ld asy Soigm 51 o9 LB Broth e
Ll cygpeoleygindlf gl ind 035 -80°C slod )3 5 Ll bagy] & JgplS' 5 CAClz (g5l Jolomo (g 5 2545 Lo
42°C lod > ()l S & 55y Dol oy 5 8L 0AS SIDNA s 00 slogs Jgiblsl o =P L ba sl
Voo adgl Clale L) pmanlosiaiSans] (gsls (elacals gy e LBlao 3 bl 5l i Bsbo 0 Jlosl aib 48 con,
5 5 (K SWR FR ol it J ool 1) PCR (i b (Sl oo 2105 oo €S (ko 2 25 e
3 s sSen -0 gl nSn e 3ilgSie 0 Jold & 1y See Ve (oS o 0 PCR (18ly plosl 5l Gy oI5
PCR sl 205 4o gy ylaio O g Ko .0 9 oI DNA 12y S +.0 o(,Y 909,500 Vo + clale L) oads S5 (slvyoul s
5OV °C p a4l Y A °C pagl Ve ol b Jlgto JSeuw YO e 930 °C )3 (glaiads 0 adgl oygumly 5By Jols
2055 (e 3 5osberSI L o s o g SISGloge s olSius 3 VY OC )5 436 Y0
Shigella & Cas9 w3l Jsl jolaie 4 Shigella flexneri 2a ,> pEcCas sowdl b 9 JW!
sl Gl g b edlitel (sleblS 4 Caoglis o (s9l> gl s VFF-d) pEcCas sy I flexneri 2a
cuiS LB Broth lsre (5 6580 5l (S 6608 (gjlodains yomwloyginsl 5 ¢l yo Shigella flexneri 2a sla Jslo
03y el ¥ gl Ioaome 5 Jitie o) Lases 4y <S5l (g e 180 TMP 537°C 13 5mwbsSSl cusls V8 51 yuy 5 03
s 55 Jsbo gy 575 S Sy 8l 5 g o35 (53K 5 205 IS sl 0.1 M. g s5le o 5 o3l

» ol Gpmiluse (Jopals 9 CaCla bglse (39381 5 guicinds alsyo 93 5| g g 00 (gimilyuogbCaCla
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PEcCas sy | yils, S 4 9 (1.5 M) Joiblanls ol yidg Ko 1.6 a9 093 b s 03l )8 Fu (g9 dxiins
I3aoe 5 15 0315 S5 FYOC (glod 13 4l 48 Gte &y g 28,5 11,5 oy (g5 4dd Vo Soke &y Loghses .y3,5 aslal o o
YVOC lod o el 1.5 @te d guwligSSl o Sgm 51 g casS Lamo il oo 1 3938) 51 w5 425135 G0 (69,
p5 she 00 gl CAE L) (Lol (sl s (59 9 Jor Cllpgu (o8 Jlaie 13 g g 048 Suds yilo Ladiges b plo]
5 45 plogl olais] yayly L PCR IS wilnd, cela IS 5] apansdly 3850 JUis] anl el .5 o0l S (2o 2
2223, ool (gdas Jole )3 dnewdly Jolo 658k ko lgie 4 o 0l cdsousdly 3929 200 51 ng

U oLkl g ( pEcCas ggls) Shigella flexneri 2a 4 sxi»> DNA g pTargetF-gRNA  JWilea
A5 S5 A3 A2 Al R-amp « F-amp claaszlS 66Kl 5l oslizal b g PCR L osias DNA (663Ul 2805 g 551
Lo 3 558b ol « pPECCas sl (sol> Shigella flexneri 2a 49w 1 o919 5SS dntne (sla Jolo aps (5l
CARed g ol Gl (gl g 5 03l S (sl oo S e B+ 4yl Cle L) paaloblS gols LB gl
YO ode 4 30°C slos j5 ¢ Jame L-arabinose ol osle 250 pL 5 cpwsloblS” (gols 056 o & (658 oS
%0 )+ gl 2y (slaglone b als po aiz )3 ¢ S S0 S (sl (giloodlel jolaians o oo )] 51 g b 435S ecls
Slap 4 2l Ol 2D Ggiliwgil Y0 Ve JopundS 2 ML Ll oo 53 Caled 53 5 08w JgpunlS
035 )b )58 | dstane glaJsho ¢ ygaslojginili gl 05 0235 -B0°C (slod 13 5 ol Logis Se 53 5 See SO
Sgei 2 4 (3.5 1g) o234 UL DNA 5 pTargetF (3 ng) cuf 55 omsdly 5 UL o 503 o5d g (555 5
CuiS baeo «Sgd 5l y alolidly 1) plosl g VA« 55 )3 (ko9 iUl g 53 adiged ()5S 1 ey A LS
L 401 180 1pm o°C ¥+ > sl 2-3 o 4 b Jobo g adls] wigas & byl LB

5 g oo o UIS 5 (opmalogtiSins] (89l oS Iagoes 3 e yigi (£l S ol
adgl CLle b) rglegiiSonl (g9l )BT LB cutS Lo (59, 1 oddpygiadl 5 (sl Jobo CutS ) oy a5 sl IS
(£1o3 > Celol6 Soao & pmalisSi 5 (Il 25l 00 ) CUA2 L) (oS 5 (sl s 3 5 oo V-
Gl S gillin 5 jasis el wd S ady cpl b sdude oL S e usy b cuiS e JolS mdaw FYVOC
> o3l 550 Shigella flexneri 2a oL yS| Cunes > 1818 L 515 Conglio oaimd ) lis does ol 5y oy jl 1) 5,800
CplogiiSl 3,8Mos (gl Cute 305 G plgie 4 g Jlde )3 1 0d S 5 ey Jolo gla SIS 3.8 Qb ) gle
W oy cutS oo byl cov (Gl (elas slegiiSinl & &) Escherichia Coli O157:H7 4w 34

Jole S plgis 4 plogiaSonl (oS oauSanl sl pl 0)S 15 el 5, p 29s & ke oS g sl S
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RUES NPV

5V ozl lSal guoy s yolaie & Shigella flexneri 2a oiisg dgw 33 oy 359l (LS g ST JU )

L) ool ¢ (ke 2 p Sl Voo gl Sl L) ralogts il Jolis gl Sigmei sl aw cniSoly (soSign ]

LB cuis s j3 alblia jgbes (5 s 2 p)S oo Y0 adgl lale L) JSutial IS5 (il o 2 p S (en V1o el clale

o g As ool cutS labase oyl 5l SO o (gq, Shigella flexneri 28 isg aygw 23,5 5,8 odlitul 590 5]

03,5 sdalie el plos j3 (558h 00 g JolS 0l 37°C slod 13 (amwlisS]

=W
xme (slo Jol & pTargetF oS jg dewdy Jlisl ;pTargetF asoumdy ;5 gRNA jaolCuiige KiniglS
OmmrlogiiSml (g9l doly CulS laoro (59) S5) b o S JSU 4 oo o)l Sed 3,k I E. coli DH5a
RC/W . FC/RC) yaslyy i g PCR IS 51 oslizanl b o IS ol Julos - (12 e 2 5 oo B+ lg) il )
SiglS whe 598Ul > S glasily JSis ol ol 1y 5l cde 150 5 YV 400 slaojluil b plaasly (FC/K
355 3261, BRNA Sisls como chronsdly ol b Iy aled 2 5 PTATGEtF ayeusdly )> GRNA dakad josleciiibge

UPRRTENES)

O o gisSgw] S g 51 (91> ol> CuniS lazmo (59, 2 2Dyl S g8 S ) JSS

Figure 1. Recombinant colonies formed on solid culture medium containing spectinomycin

SowoMly JEl g 5yl Sgi plonil | o Shigella flexneri 2a 4 pEcCas dyoumsdly juelCuddge JUES!

Voo adgl cdale L) paloblS ggls bame (g9, Wyl cusS g Shigella flexneri 2a  sxiwe a4 pEcCas
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olaisl el s PCR IS 3l sl L a8 sl (g 55 anliie (55 b sl IS oyl sbee 2 05 ol

sl Jsks y> 1) pEcCas sewdly joas a5 ol ol 1) b cas FIY- Job L DNA kL « R-pEcCas ¢F-pEcCas

(P9 Y s Sit) 2.5 o aub 00 pygiusls b 8L

T

400bps

270bps

S Yo v (Jgg0 55 jlo iuwly 4 o 1 RidglS anl jolite 4 PCR (A5 (55939 53831 (omw s 2 .Y JS05
255 Jols (55b i TV 2l cuonodly RC GFC glayonly b poS Jools (551 i £v e 0l 550
oMy FC (61 pouly iS5 Juols (g5 G 10+ 13l g GRNA (yquusily 4l 9 svoustly RC (52 o1 0

ZRNAS, 5 4

Figure 2. Electrophoretic analysis of colony PCR for cloning confirmation. From left to
right: 100 bp molecular ladder, 400 bp band from amplification with vector's FC and RC
primers, 270 bp band from amplification with vector's RC primer and gRNA Watson
strand, and 150 bp band from amplification with vector's FC primer and gRNA Crick
strand

09° 4 PEcCas apowdy JWGI1 o Gyl Sewd Jeols sad dlagl gla IS Y S
Saignt il Gola ola CulS hwxe (g9, o Shigella flexneri 2a szimo 5\ Jghw

C’*Mi ln lS lf

Figure 3. Colonies formed after heat shock and transfer of the pEcCas vector into competent

Shigella flexneri 2a cells on solid culture medium containing kanamycin
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Figure 4. Electrophoretic analysis of colony PCR to confirm pEcCas plasmid entry into

competent cells via heat shock

s 93 GBI (gl o sely 9 s logiiSuw! 4 Shigella flexneri 2a _J1b Cuwglie
dawe sl Jolo 4y 00i2d DNA dalad o (olas! gRNA Jobs) pTargetE swewd olojen Jlisl :CRISPR-Cas9
CuiS @l dy B asS b pbul o yee xSl eslitl L pEcCas aewdly sol> Shigella flexneri 2a
(diskee 2 p S5 e Voo gl e L) ppmlogiaiSnl Sign sl 93 10 (gol Mol Lo (55, 2 oddp sl (slacs S,
oSl 3 13 03,50 15y (5l 3 ol gl 3 38 o p3e 2l o 3 5 e 0 ) e L) ol
Jolye 3> gm0 il Caaglin oyl canl Koo 1 opl 4 Shigella flexneri 2a agw x51,35 L S Coglio ;I Sls
05 ol ) pTargetF s (g5l sla IS Obxwl aul b )5 ohg 4 CCRISPR/CAS i b pgi il g (s
(0JS) 5L algn S 1y gl s 5 03,5 bl ST {anl (gl & gl
Escherichia 4 Shigella flexneri 2a > (i y52958] 51 s 6550 2b, (595 dunglio
Escherichia pS\ jl lze sla S 5 S5 5y bS] (gols  5<G] baxe (59, 0 Coli O157:H7
Sgu 51 5 odlitwl b guomo Ol g dwewdl 3959 9 jrelcadbse Lo S smd o i 1) coli O157:H7
A3y gy ol JolS paw sl Shigella flexneri 2a & bgyo 450 S5 ¢ Jolio 53 .l dygas (] 53 Cppnns o giiiSunl
CrrmalogiaiSimsl 4 0228 L (G Canglie 01im3)Li5 )lk Coglds pl 2)l5 929 (S S (Sl 5 04d oandgy (b ST

ol ol g oyl > Sl ele e Sign 51 ol sl 8U ¢ Shigella flexneri 2a )
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la sels Culs basxe g 0dwd dloxsl aXdly Jhas gl S sualivn sas .0 UKW

&9 > 430 59y > Lo SR °

Shigella d)ZSle GSIS Qnglﬁn JQJ.} a9 ‘:’ﬁmg‘lbt.;ls 9 aﬁugln9;¢2$*w| dlﬁ&a;’aguzﬂ
‘}ﬁmg‘ln,;y&*wl &¢S9¢g G:Si a C:s?.w\..; ﬂexneri 2a

Figure S. Absence of mutant colonies on solid culture medium containing spectinomycin and
kanamycin due to the intrinsic resistance of Shigella flexneri 2a to spectinomycin

SR Spigus il Gola dols CuiS haae (59, o oo Byl Aidly Ligs gl ST JSW
J %S lgas &y Escherichia coli O157:H7 5,450 35 Cpamns oULS g Cpainns Lo giniSamn |

Figure 6. Mutant colonies formed on solid culture medium containing spectinomycin and

kanamycin in Escherichia coli O157:H7 as a control

iy can 1ol LSWaw Sl g9l sl 59, y Shigella flexneri 2a sy owyy

sl oo, p» Shigella flexneri 28 iog agw ( QB S5l olyicds opils clacign ol 1 oolatul ISl
3 ke 3 225 b V- ) L2 W) ool 2l 1 e Vo g SIS ) oy gl caiS
37°C (slod 1 ommobisSSl sl VA 1 g )50 (solad )3 b 001> S (il (oo 2 )5 oo YO gl clale L) Skl IS

D)90 4guw LF’L"“'{I L’ u.»‘.) C;wsl.na )§.:Lu @L.s U"l Ju.l)f odalio ga.:.b cb.w J.nlf W}-’ L.:)yodu u.’l;)’{.ﬂ) o.v):.wf ..\.M:) ¢

193

8, SN,



RN,

(‘i’i )ggb Al b)w Y b)gb) d},,LwS ‘5)9’9&‘%4 Ao

181955 550 drgu ol )3 oS g5 IS Ol (o 5 o] 5l el 45 sy o LS g 039 y95 e Sigm 5] dw ya 4 adlllas
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Figure 7. Growth of wild-type Shigella flexneri 2a on chloramphenicol-containing medium

Col> slams 59y s WS 2ol 31 ouwi las Shigella flexneri 2a (g pSU i g & 9w Sy A JSWS

oo opo] S g S

Figure 8. Growth of wild-type Shigella flexneri 2a isolated from various sources on

ampicillin-containing media

Sgm 5l 4 cuns Shigella flexneri 2a b5 cuaglio pwyp simgh cpl (b 55 (bl o il 51 (S
1559 5 2Bl S le laie 4 pologiiSinl 4 Caaglie 5 45 3 coenl caa ol 5 dtae Cpl D s logiuiSon]
Qg &S LI zads 4 ol adllae g 0ud odliw] CRISPR/Cas9 wiwwws > pTargetF:gRNA-pic S 5y

5 JolS 0y bl opl o)l e logiiSnl Sgn 51 (gols base p3 JolS wis) wdlil 3,90 Shigella flexneri 2a
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Figure 9. Growth of wild-type Shigella flexneri 2a on streptomycin-containing medium
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a3l il S5
lodyousdly (595 » Conglio slag] s (Yo cninte 31 St 2 3T 9 Baseadly dlawsly b Cuaglie (1
Sidl5 sl oy 51 s51g5 oo ctizid @QdAT 25 ol 4 PONT s lbdgonsdly o5 o)) dodis 3 45 jshailon .l
5 OmlogiSpnl & Cuaglis 4 et g 03,8 Jlwbyd |y o comnlegiaSnl 4 Jidl 09,5 (39381 b il cnl S 57,
JolS ) odiSan g5 Wlgs o o po Caoglio sl g dsewdl oyl joas (Bose et al., 2024) 545 oy logis yiul
SS90 5 ) 42 bgayo glis (150 42) A3l pmalogiy ol § pmalogisiSsl y9i 1 Shigella flexneri 2a 45

S o )y logiiSunl 4 Cuoglio sl s edynS HLiml 0 (gyemme 8 e (piren (d5d dxnlie il
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2 o (omzmen . (O'connor & Dahlberg, 2002) uS . S Shigella flexneri 2a ,> alos 3 < oL SU
STPSE 05 » i (Jie Olgis 4 dis whe (5995909)5 SmenilSn | i (o0ism) SbimSn eaiSSS lag
& Cuglio b zoss 4 (Streptomyces roseosporus) sisle b yiSh ple 3 S 0 85 1) 5S egiuy xS
) 3,Skes b 5 pojony il 45 b bies b jies ol (He et al., 2005) caul oas 43ld Lo po ppuloginiSpul
2 (5295929)5 Coglie 355 puugilSle p3l> adllas 13 4 ST ki o 1Rl ) ] (ot il g 00 Siga T e Jlail ilo
O D9y Jleis! oddosalie S5 Cuoglio 4 dog b bl il wyp maiiwe job & Shigella flexneri 2a 4 g
ol 333,52 s (s SloromlSn S5 33 oS5 > S e & 5 sm 5 ool 55 35 g () 0 ot
S 5y slagls Ol Sle aul puloguiSunl 4 Shigella flexneri 2a aygu 15 Cuoglio s jastie aodl
PRl 55 o 3l iy Slosde (Sgn il Cupmlus (slagygejl pll Gl Cuenl  dlis (l 08 S (sa2 b 41,
& o3lisal 290 (S Sgm 5T & (5L Copmlus 380 ol ccnlply WS oo 45T poi§ Ll b JsSse Sisgls
Syl (£)958 (295 Ll Culige el Sl SnT8 0 O Lite @l sxSsle l oSl plgie
@ g S camlus b5l (clp (10l )l8 ol aund Saand cuns 9 (MIC) (gl clale s e dislo 5,15kl
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