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Recovery of antibiotic-resistant colonies after CRISPR-Cas9 transformation may vary with recovery temperature and guide-
plasmid condition. This preliminary study examined streptomycin-resistant Escherichia coli DH5c colony recovery after
transformation targeting rpsL. Two complete reagent conditions used Cas9, donor DNA, and one of two guides whose spacers
exactly matched distinct sites in the NC_000913.3 rpsL region; five control groups assessed background resistance and the
contribution of individual reagents. Each group was tested at 27°C, 32°C, 37°C, or 42°C during a one-hour post-transformation
recovery interval, with five independent transformation replicates per temperature-by-group condition. Samples were sub-
sequently plated on streptomycin-kanamycin-arabinose selective medium and nonselective medium, and all plates were
incubated at 30°C. Selective counts were normalized to viable counts. Growth on selective medium was treated as evidence of
streptomycin resistance, not molecular confirmation of the intended rpsL allele. Among the three temperatures with calculable
recovery, square-root-transformed two-way ANOVA identified effects of recovery temperature, experimental group, and their
interaction (all p < 0.001). The highest mean recovery occurred with Cas9, donor DNA, and Guide 1 at 32°C (0.0948% =+
0.0057%). At 42°C, neither selective nor nonselective colonies were detected at the plated dilution, making normalized recov-
ery undefined. These results describe preliminary phenotype-based colony-recovery patterns that require molecular confirmation.
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Introduction

CRISPR-Cas9 is a gene-editing tool for modifying specific
DNA sequences. Adapted from a bacterial immune mecha-
nism, the system uses the Cas9 enzyme and a guide RNA to lo-
cate a target sequence in the genome. Cas9 cleaves both DNA
strands adjacent to a protospacer-adjacent motif (PAM)!. Us-
ing Escherichia coli, CRISPR-Cas9 systems combined with a
donor DNA and tools like Lambda Red can support chromoso-
mal editing. Cas9 cleavage counterselects cells that retain the
unmodified target?>-®. Guide sequence and target features, in-
cluding mismatch position, GC content, and secondary struc-
ture, influence Cas9 targeting. Temperature sensitivity also
varies by Cas enzyme and experimental system’~!!. Recent
studies have improved pCas-based editing, reduced survivor
or escaper formation, and standardized iterative editing in E.
coli'>14,

Temperature and gRNA design both influence CRISPR ac-
tivity; however, their relationship to resistant-colony recov-
ery after bacterial transformation remains poorly character-
ized”"!'. E. coli provides a controlled system for testing how
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these factors relate to bacterial colony recovery after trans-
formation2~%. This study considers whether recovery temper-
ature and gRNA design are associated with the recovery of
antibiotic-resistant bacterial colonies. All selective and non-
selective plates are incubated under one common permissive
condition so that the assigned temperature does not differ dur-
ing colony growth.

Temperature can affect membrane fluidity, enzyme activity,
cellular recovery, viability, and colony formation. Temper-
ature may also affect the expression or activity of CRISPR-
Cas9 components>! 13, Therefore, raw colony counts reflect
the combined effects of transformation, resistance generation,
survival, and growth as opposed to Cas9 activity alone. Most
E. coli strains grow well near 37°C, but other temperatures
may favor recovery or expression of the editing system'.
Similarly, gRNA target site, strand, self-complementarity, and
GC content can influence Cas9 binding and cleavage, which
may alter the number of resistant colonies recovered >10:16-13,
The assigned temperature differed only during the one-hour
post-transformation recovery period; all plates were later in-
cubated at 30°C for 24 hours. Since arabinose was present on
the primary selective plates, expression of the manufacturer-
reported recombination system after plating cannot be ex-
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cluded. Selective counts were normalized to viable counts
from nonselective plates to partially account for differences
in survival and recovery.

This study used CRISPR-Cas?9 to target the ribosomal pro-
tein S12 gene, rpsL, in Escherichia coli DHS5 . The rpsL gene
offers a phenotypic selection assay because it encodes a com-
ponent of the bacterial ribosome targeted by streptomycin. In
susceptible bacteria, streptomycin binds to the ribosome and
inhibits protein synthesis. Cells carrying resistance-associated
changes in rpsL grow on streptomycin-containing medium .
In this experiment, such growth was considered evidence of
a streptomycin-resistance phenotype but not proof of the in-
tended rpsL change, since spontaneous rpsL mutations or
other mechanisms may also confer resistance . The exper-
iment tested whether recovery temperature and guide-plasmid
condition were associated with the number of streptomycin-
resistant colonies recovered. A four-temperature, seven-group
controlled experiment provided the framework. The 4 x 7
design included four recovery temperatures and seven exper-
imental groups. Five independent transformation replicates
were conducted for each temperature-by-group combination,
and each culture was plated on both selective and nonse-
lective medium. Alignment against the Escherichia coli K-
12 MG1655 reference genome (NC_000913.3) revealed that
both guide spacers exactly matched distinct reference pro-
tospacers in the rpsL region; these were not fully or par-
tially complementary versions of a single guide. Guide 1
matched NC_000913.3:3474412-3474431 on the plus strand
(PAM: 3474432-3474434) and had 45% GC content. The
custom GenScript Guide 2 matched NC_000913.3:3474552-
3474571 on the minus strand (PAM: 3474549-3474551) and
had 30% GC content. These are reference-genome align-
ments; the rpsL locus in the experimental DH5¢ preparation
was not sequenced before transformation. Only one bacterial
strain and one target gene were used, and resistant-colony re-
covery was measured without molecular confirmation. Since
this study measures recovery in bacterial systems, the results
cannot be directly generalized to mammalian cells. This study
aimed to determine whether recovery temperature and guide-
plasmid condition affected normalized resistant-colony recov-
ery. The initial hypothesis expected 37°C to yield the greatest
recovery, as this temperature is near the standard growth opti-
mum for E. coli. A temperature-by-group interaction was also
anticipated.

Methods

This study looked at seven experimental groups at four dif-
ferent recovery temperatures, carrying out five separate trans-
formation reactions for each combination of temperature and
group, giving a total of 140 transformations. The entire ex-
perimental design was 4 x 7. Each recovered culture was dis-

tributed among the various media types; the pairs of plates
came from a single transformation replicate and were not ad-
ditional replicates. The two complete reagent sets included
the Cas9 plasmid, donor DNA, and either Guide 1 or Guide
2. The five control cases were untransformed cells; cells con-
taining Cas9 and donor DNA but no guide; cells with Cas9,
donor DNA, and a non-targeting guide; cells that had Cas9
and Guide 1 but no donor DNA; and cells with Cas9 and Guide
2 but no donor DNA. All the conditions began from the same
preparation of competent cells and had the same final transfor-
mation volume. The independent variables were the recovery
temperature (27°C, 32°C, 37°C, or 42°C) and the experimen-
tal group. Temperature was varied during the one-hour recov-
ery period following heat shock, and all the plates were then
incubated at 30°C for 24 hours. The dependent variable was
the normalized streptomycin-resistant colony recovery, which
was calculated by dividing the number of selective colony-
forming units (CFU) by the number of viable CFU from the
paired nonselective plate. Colony growth did not indicate that
the intended rpsL allele had been introduced.

Materials included LB agar, E. coli DH5a, a Cas9 plas-
mid, guide plasmids, donor DNA, LB recovery medium, and
a bacterial transformation buffer containing 25 mM CaCl, and
20% PEG 8000. The primary selective plates had 50 ug/mL
streptomycin, 25 pg/mL kanamycin, and 1 mM arabinose.
Kanamycin was used to select for the retention of the Cas9
plasmid, while streptomycin was used to select for the resis-
tance phenotype; no antibiotic was included to specifically se-
lect for the retention of the guide plasmid. To estimate Cas9
plasmid retention, separate LB-kanamycin plates containing
25 pg/mL kanamycin were prepared. Each freeze-dried DNA
tube was reconstituted with 55 uL of sterile water. Alignment
of the 59-nucleotide single-stranded donor with the E. coli K-
12 MG1655 reference genome (NC_000913.3) positioned it at
nucleotides 3,474,396 to 3,474,454 on the plus strand, with 29
nucleotides flanking the central substitution on each side. The
donor sequence was 5'-ATACTTTACGCAGCGCGGAGTTCG-
GTTTTGTAGGAGTGGTAGTATATACACGAGTACAT-3'. The
supplier describes this donor as causing the K43T change in
rpsL associated with streptomycin resistance. However, when
the posted donor sequence was examined against the cod-
ing strand, an AAA-to-CAA (K43Q) change was predicted,
rather than the AAA-to-ACA (K43T) change. Since neither
the donor nor the resulting colonies were independently se-
quenced, the exact allele identity remains unresolved. The
central substitution in the donor was seven nucleotides from
the Guide 1 PAM but 124 nucleotides from the Guide 2 PAM,
which makes the PAM-to-substitution distance another differ-
ence between the two guide conditions. The manufacturer
states that the Cas9 plasmid contains recombinases that are
activated by arabinose; the linked sequence file is identified
as pCas_orig?’. The published pCas design includes S. pyo-
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genes Cas9, the A Red Exo, Beta, and Gam recombinases un-
der arabinose control, a kanamycin-resistance marker, and the
temperature-sensitive repA101(Ts) replicon®. The plasmid lot
supplied was not independently sequenced, so those features
remain as those reported by the manufacturer for this experi-
ment. The guide plasmids were obtained from different ven-
dors, and their backbone equivalence was not independently
confirmed. Both spacers were aligned in both orientations
against NC_000913.3; the reported mismatch counts, strands,
protospacer coordinates, and PAM coordinates are reference
derived. The measured Ajeo/Ango ratio was 1.8. The plas-
mid topology and the stock molar concentrations were not
determined, so it is not possible to establish that equimolar
amounts of Cas9 and guide plasmids were used. For each
transformation, 1.0 uL of the Cas9 plasmid and 1.0 uL of the
assigned guide-plasmid preparation were added. The donor
was not HPLC-purified; in each transformation containing
donor DNA, 1.0 uL of the reconstituted donor preparation was
added.

Table 1 Guide-reference alignments and design characteristics
Guide

Guide-reference Reference-site details

alignment (5’ to 3)

Guide 1 Guide: GGAGTTCG- Protospacer: 3474412-
GTTTTTTAGGAG 3474431 (+); PAM: 3474432-
Ref:GGAGTTCGGT-  3474434; 45% GC; substitu-
TTTTTAGGAG tion 7 nt from PAM
PAM: TGG
Mismatch count: 0

Guide 2 Guide: Protospacer: 3474552-

TAAAACCAGGAGC- 3474571 (-); PAM: 3474549-

TATTTAA 3474551; 30% GC; substitu-
Ref: tion 124 nt from PAM
TAAAACCAGGAG-

CTATTTAA

PAM: TGG

Mismatch count: 0

LB agar medium was prepared with 300 mL water and 12.0
g LB-agar premix (40 g/L; 1.5% [w/v] agar). The medium was
heated in 30-second intervals for approximately 4 minutes un-
til clear, and 10 mL was poured into each plate. One batch of
base LB agar was divided to prepare selective, nonselective,
and plasmid-retention media. Freeze-dried DH5« cells were
resuspended in 100 uL sterile water, spread on LB agar, and
incubated at 30°C for 18 hours. Cells from this plate were
used to prepare one competent-cell suspension in transforma-
tion buffer for all conditions.

Starting density was estimated as 4.1 x 108 CFU/mL from
41 colonies obtained after plating 10 uL of a 10~ dilution on
nonselective LB agar immediately before transformation. A
total of 140 transformation mixtures were prepared. For each
mixture, 10 uL competent-cell suspension was combined with
1.0 uL of the Cas9-plasmid preparation, 1.0 uL of the as-

signed guide-plasmid preparation, and 1.0 uL of the reconsti-
tuted donor preparation when assigned. Omitted components
were replaced with equal volumes of sterile water, giving the
same 13 pL pre-recovery volume in every transformed con-
dition. Untransformed controls received cells and matched
sterile-water volumes without plasmid or donor DNA. Mix-
tures were refrigerated for 30 minutes, heat shocked for 30
seconds at 42°C, supplemented with 250 uL LB recovery
medium containing 1 mM arabinose, and incubated for one
hour at the assigned recovery temperature.

After recovery, 10 uL of each culture was plated undi-
luted on primary selective LB agar containing streptomycin,
kanamycin, and arabinose. A 10 uL aliquot of a 10™* di-
lution of the same culture was plated on nonselective LB
agar. For the Cas9 + donor, no-guide group, a matched 10
uL aliquot of a 10~ dilution was plated on LB-kanamycin
agar. All plates were incubated at 30°C for 24 hours. Plates
were photographed and coded to conceal condition. Colonies
were marked in Apple Photos to prevent recounting, and every
plate was counted twice. Ambiguous overlapping growth was
recorded rather than estimated, and counts differing by more
than 5% were repeated. Some selective plates contained more
than 300 colonies, including all five 32°C Guide 1 plates (475-
548 colonies); crowding and merged colonies may therefore
have increased counting uncertainty. ODgoo growth curves
and molecular confirmation were not performed.

Means, sample standard deviations, and figures were cal-
culated using the raw counts in the supplementary data ta-
ble. Normalized recovery was calculated as streptomycin-
kanamycin-arabinose selective CFU/mL divided by paired
nonselective CFU/mL. Because recovery was undefined for
every 42°C replicate, percentage-based inference was limited
to the 3 x 7 subset containing 27°C, 32°C, and 37°C. Recov-
ery percentages were square-root transformed and analyzed
using a two-way ANOVA testing recovery temperature, exper-
imental group, and their interaction. Residual normality was
assessed with the Shapiro-Wilk test, and homogeneity of vari-
ance was assessed with the median-centered Brown-Forsythe
test. Significant effects were followed by Tukey-adjusted
comparisons among temperature-by-group conditions on the
transformed scale. Descriptive means and standard deviations
are reported on the original percentage scale. The significance
threshold was o = 0.05. Calculations were independently veri-
fied using Python 3 with SciPy. Plasmid-retention proportions
were reported descriptively.

The experiment was conducted under Biosafety Level 1
conditions in a supervised laboratory setting. Gloves, safety
goggles, a laboratory coat, and aseptic technique were used
throughout. Bacterial cultures and plates were decontami-
nated with 5% bleach before disposal in accordance with BSL-
1 safety procedures. The experiment was conducted from Au-
gust 1 to August 16, 2026.

© The National High School Journal of Science 2026

NHSJS Reports |3



Results

Normalized streptomycin-resistant colony recovery under
streptomycin-kanamycin-arabinose selection was compared
across four recovery temperatures and seven experimental
groups (Table 2; Figure 1). Among the 21 temperature-by-
group combinations with calculable percentages, mean recov-
ery ranged from 0.0000% to 0.0948%. The highest mean
occurred in the Cas9 + donor + Guide 1 group at 32°C
(0.0948% + 0.0057%). Several high-recovery plates exceeded
300 colonies, so the largest counts may have additional un-
certainty from crowding. At 42°C, both selective and nonse-
lective counts were zero at the plated dilution, so normalized
recovery was undefined and the condition was treated as non-
informative.

A two-way ANOVA was carried out to examine the rela-
tionships between recovery temperature, experimental group,
and their interaction, and normalized recovery, with the 42°C
trials being omitted as the recovery could not be defined (Table
3). For the square-root-transformed values, the model found
associations with recovery temperature, F(2,84) = 291.99,
p;0.001; with the experimental group, F(6,84) = 3224.65,
p;j0.001; and with the interaction between temperature and
group, F(12,84) = 92.36, p;0.001. The Brown-Forsythe
test showed no differences in variances, F(20,84) = 0.56,
p =0.929, but the residuals were still not normally distributed
(Shapiro-Wilk W = 0.957, p = 0.0018). Therefore, the results
of the ANOVA and post-hoc tests only describe exploratory
associations and not definitive effects.

The Tukey-adjusted comparisons between the 21
temperature-by-group conditions that could be analyzed
revealed that, in both the complete guide plus donor sit-
uations, the mean recovery was greater at 32°C than at
27°C or 37°C and also higher at 37°C than at 27°C (in all
cases the adjusted p value was less than 0.001). At each
analyzable temperature, Guide 1 plus donor was greater than
Guide 2 plus donor (all adjusted p values being less than
0.001). Furthermore, each of the complete guide plus donor
conditions outperformed both its corresponding no-donor
condition and the three negative-control conditions at all
analyzable temperatures (in all cases the adjusted p value was
less than 0.001).

The background level of streptomycin resistance and the ef-
fect of each reagent were assessed in the control groups. The
mean recovery for the untransformed samples was 0.0000%
=+ 0.0001%, 0.0000% =+ 0.0000%, and 0.0000% =+ 0.0001%
at 27°C, 32°C and 37°C respectively. The corresponding no-
guide values were 0.0000% =+ 0.0001%, 0.0001% = 0.0001%
and 0.0000% = 0.0001%, while the non-targeting-guide val-
ues were 0.0001% =+ 0.0001%, 0.0001% =+ 0.0001% and
0.0001% =+ 0.0001%. The fact that there are occasionally
colonies in these controls shows that the background recovery

Table 2 Individual normalized streptomycin-resistant colony
-recovery values by recovery temperature and experimental group

Temp. Experimental R1 R2 R3 R4 RS Mean =+
group SD (%)
27°C  Untransformed 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 +
0.0001
27°C  Cas9 + donor, 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 +
no guide 0.0001
27°C  Cas9 + 0.0000 0.0000 0.0003 0.0000 0.0000 0.0001 +
donor + 0.0001
non-targeting
guide
27°C  Cas9 + Guide 0.0011 0.0017 0.0007 0.0013 0.0009 0.0011 +
1, no donor 0.0004
27°C  Cas9 + Guide 0.0005 0.0007 0.0003 0.0009 0.0005 0.0006 +
2, no donor 0.0003
27°C  Cas9 + donor 0.0274 0.0322 0.0250 0.0296 0.0287 0.0286 +
+ Guide 1 0.0027
27°C  Cas9 + donor 0.0180 0.0207 0.0171 0.0186 0.0202 0.0189 +
+ Guide 2 0.0015
32°C  Untransformed 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 +
0.0000
32°C  Cas9 + donor, 0.0002 0.0000 0.0000 0.0002 0.0000 0.0001 +
no guide 0.0001
32°C Cas9 + 0.0000 0.0002 0.0000 0.0000 0.0002 0.0001 +
donor + 0.0001
non-targeting
guide
32°C  Cas9 + Guide 0.0024 0.0030 0.0018 0.0026 0.0021 0.0024 +
1, no donor 0.0005
32°C  Cas9 + Guide 0.0013 0.0016 0.0011 0.0014 0.0008 0.0012 +
2, no donor 0.0003
32°C  Cas9 + donor 0.0928 0.0957 0.0977 0.0864 0.1015 0.0948 +
+ Guide 1 0.0057
32°C  Cas9 + donor 0.0583 0.0636 0.0643 0.0520 0.0690 0.0614 +
+ Guide 2 0.0065
37°C  Untransformed 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 +
0.0001
37°C  Cas9 + donor, 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 +
no guide 0.0001
37°C Cas9 + 0.0002 0.0000 0.0000 0.0002 0.0000 0.0001 +
donor + 0.0001
non-targeting
guide
37°C  Cas9 + Guide 0.0019 0.0014 0.0023 0.0016 0.0012 0.0017 +
1, no donor 0.0004
37°C  Cas9 + Guide 0.0009 0.0010 0.0007 0.0013 0.0004 0.0009 +
2, no donor 0.0003
37°C  Cas9 + donor 0.0610 0.0645 0.0588 0.0629 0.0620 0.0618 +
+ Guide 1 0.0021
37°C  Cas9 + donor 0.0420 0.0447 0.0400 0.0430 0.0491 0.0438 +
+ Guide 2 0.0034

42°C  Untransformed N/A N/A N/A N/A N/A N/A

42°C  Cas9 + donor, N/A N/A N/A N/A N/A N/A
no guide

42°C Cas9 + N/A N/A N/A N/A N/A N/A
donor +
non-targeting
guide

42°C  Cas9 + Guide N/A N/A N/A N/A N/A N/A
1, no donor

42°C  Cas9 + Guide N/A N/A N/A N/A N/A N/A
2, no donor

42°C  Cas9 + donor N/A N/A N/A N/A N/A N/A
+ Guide 1

42°C  Cas9 + donor N/A N/A N/A N/A N/A N/A
+ Guide 2

is low. The mean values for Guide 1 no-donor groups were
0.0011% =+ 0.0004%, 0.0024% + 0.0005% and 0.0017% =+
0.0004%, whereas those for Guide 2 no-donor groups were
0.0006% =+ 0.0003%, 0.0012% =+ 0.0003% and 0.0009% =+
0.0003%.

The selective counts were normalized using the nonselec-
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Table 3 Three-temperature (3 x 7) two-way ANOVA of square-root-
transformed normalized streptomycin-resistant colony recovery

Source df F P
Recovery temperature 2 291.99 <0.001
Experimental group 6 3224.65 <0.001
Temperature x group 12 92.36 <0.001
Residual 84 N/A N/A

tive counts, and in the case of the Cas9 + donor, no-guide
group, the matched LB-kanamycin plates gave a representa-
tive estimate of Cas9-plasmid retention (Table 4 and in Fig-
ure 2). The mean retention in this group was 88.6% at 27°C,
83.3% at 32°C, and 44.3% at 37°C; these figures do not ap-
ply to groups that contained a guide. At 42°C, both the LB-
kanamycin and the paired nonselective counts were zero at
the 10~* dilution, so the plasmid retention could not be de-
termined. Since there were no viable counts at lower dilu-
tions nor any ODggo growth curves, it was not possible to tell
whether the result reflected reduced viability, a detection-limit
effect, or a failure due to dilution or plating.

Norm:
A. Complete guide + donor

streptomycin-resistant colony recovery
s 8. Control and n

nnnnn

Figure. 1 Normalized streptomycin-resistant colony recovery.
Panel A shows the two complete guide + donor conditions; Panel B
expands the control and no-donor conditions. Points represent means
from five transformation replicates, and error bars represent SD. The
42°C values are omitted because normalized recovery was undefined.

Table 4 Individual and mean Cas9-plasmid retention percentages for
the Cas9 + donor, no-guide group.

Temp. RI1 R2 R3 R4 RS

Mean £ SD (%)

27°C 91.1 917 86.0 894 848 88.6+£3.1
32°C 827 855 784 889 8l1.1 833+40
37°C 449 500 396 451 420 443+39

42°C N/A NA NA NA NA NA

Discussion

Of the three temperatures that were analyzed — recovery tem-
perature, experimental group, and their interaction — the nor-
malized streptomycin-resistant colony recovery was found to
be associated with each of them (all p < 0.001). In the com-

Cas9-plasmid retention by recovery temperature
100

80

60

40

Cas9-plasmid retention (%)

27 32 37 42
Recovery temperature (°C)

Figure. 2 Cas9-plasmid retention by recovery temperature. Rep-
resentative Cas9-plasmid retention in the Cas9 + donor, no-guide
group by recovery temperature, calculated as CFU on LB-kanamycin
divided by CFU on nonselective LB. Points represent means from
five transformation replicates, and error bars represent SD. Retention
at 42°C was undefined (0/0).

plete guide plus donor conditions, the highest mean recovery
occurred at 32°C rather than the expected 37°C. The Cas9 plus
donor plus Guide 1 combination achieved the highest mean re-
covery overall. Because the interaction was significant, the
extent of the temperature differences varied by experimen-
tal group. The data presented here refer to phenotype-based
colony recovery and do not demonstrate editing efficiency or
confirm the intended rpsL allele.

Alignment to NC_000913.3 showed no mismatches for ei-
ther guide spacer at its respective reference site in the rpsL
region. This indicates only that the sequence matches the ref-
erence, not that the experimental DH5« preparation has been
confirmed by sequencing.

At 27°C, 32°C, and 37°C (in all cases with an adjusted p-
value < 0.001), Guide 1 with the donor outperformed Guide
2 with the donor. The two guides differed in their reference
target site, strand, GC content, and distance from the PAM to
the substitution (7 nucleotides for Guide 1 and 124 nucleotides
for Guide 2), and the plasmids were independent preparations
from different vendors with unverified equivalence. The dif-
ference must therefore be regarded as resulting from a combi-
nation of guide, plasmid, and condition, and not as being due
solely to complementarity, GC content, target site, or spacer
sequence *-10-16-18

The untransformed, no-guide, and non-targeting-guide con-
trols exhibited either zero or very low recovery, which indi-
cates a low level of background streptomycin resistance. The
colonies that were isolated might be due to spontaneous resis-
tance, contamination, or nonspecific survival. The no-donor
groups gave a low but detectable level of recovery, whereas
supplementing the donor DNA was linked to a much higher
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recovery for both guides at each temperature that could be an-
alyzed. However, growth on medium containing streptomycin
cannot tell the intended rpsL substitution apart from natural
resistance or some other mechanism '°.

During the one-hour recovery period, the temperature var-
ied, and all the plates were then incubated at 30°C. Yet ara-
binose was also found on the primary selective plates, which
means that the recombination system as reported by the man-
ufacturer might have been active during colony formation. In
the case of the representative Cas9 + donor, no-guide group,
the estimated level of Cas9-plasmid retention decreased be-
tween 32°C and 37°C, a trend that is in agreement with the
reported repA101(Ts) replicon*. This result does not apply
to the groups containing a guide. At 42°C, both the LB-
kanamycin and the nonselective counts were zero when the
10~* dilution was plated. Therefore, it is not possible to say
whether retention was lost, viability decreased, a detection-
limit effect occurred, or an operational problem affected plat-
ing.

Several limitations remain. No colony PCR or sequenc-
ing was performed to confirm the resulting rpsL allele, the
supplier-reported donor identity, or the starting rpsL sequence.
Consequently, guide-target matching was based only on the
NC_000913.3 reference, not the experimental DHS o prepara-
tion. Sequence inspection also produced a codon interpreta-
tion inconsistent with the supplier’s K43T label, leaving the
intended allele identity unresolved. The study used one bac-
terial strain, one gene, two non-equivalent guide-plasmid con-
ditions, and five independent transformation reactions drawn
from one competent-cell preparation; these are transformation
replicates rather than independent biological replicates from
separately grown cultures.

Because guide target site and PAM-to-substitution distance
differed, the guide comparison cannot isolate a single de-
sign feature. Guide-plasmid backbone equivalence, plas-
mid topology, molar stock concentrations, and the supplied
Cas9-plasmid sequence were not independently established;
equimolar plasmid input therefore cannot be assumed. Pri-
mary plates co-selected the streptomycin-resistance pheno-
type and Cas9-plasmid retention but did not specifically se-
lect guide-plasmid retention. Several selective plates exceeded
300 colonies, so crowding may have increased counting un-
certainty. Plasmid retention was measured only in the Cas9
+ donor, no-guide group. The 42°C condition could not
be included in percentage-based inference, and using only a
10~* nonselective dilution prevented reliable assessment of
low viable-cell recovery or exclusion of a dilution/plating fail-
ure. Residuals remained non-normal after transformation, so
inferential statistics are exploratory. These limitations restrict
conclusions to phenotypic colony-recovery patterns under the
tested conditions.

Further research should sequence the donor reagent, the

initial rpsL locus, and representative resistant colonies taken
from each experimental and control group; it should report
the fraction of clones carrying each allele; and it should con-
firm both guide-plasmid backbones. Further investigations
should start with competent-cell preparations grown indepen-
dently, use guide constructs that differ only in the spacer
sequence, keep the PAM-to-substitution distance constant,
quantify and equalize plasmid inputs, evaluate guide-plasmid
retention, plate a range of selective and nonselective dilu-
tions at each temperature, and collect ODgoo growth curves.
Implementing these modifications would allow the viability,
plasmid retention, guide design, and the results of molecu-
lar editing to be separated. Recent studies have expanded
bacterial genome engineering through prime editing, mul-
tiplex base editing, recombination-component optimization,
homologous-arm analysis, and automated strain-engineering
workflows 21=23

Conclusion

In the 3 x 7 exploratory analysis, normalized resistant-colony
recovery was related to recovery temperature, experimental
group, and their interaction. The condition involving Cas9,
the donor, and Guide 1 at 32°C had the highest mean value
(0.0948% =+ 0.0057%), although crowded plates increase un-
certainty around this estimate. The 42°C condition was
not informative because both the selective and nonselective
counts were zero at the plated dilution, and an operational
failure cannot be ruled out. The study offers a controlled,
phenotype-based comparison that includes negative controls
and paired viable-count normalization, along with a represen-
tative plasmid-retention measurement in one group. It does
not confirm genome editing, identify the exact donor allele,
provide independent biological replication, isolate a single
guide-design variable, verify equimolar plasmid input, or de-
termine viability at 42°C. The most important next steps are
to perform molecular sequencing, use independently prepared
competent cells, use matched guide backbones, quantify plas-
mid inputs, and plate multiple dilutions.
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