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Abstract  17	

The coexistence of multicopy plasmids is a common phenomenon. However, the 18	
evolutionary forces promoting these genotypes are poorly understood. In this study, we 19	
have analyzed multiple ColE1 plasmids (pB1000, pB1005 and pB1006) coexisting 20	
within Haemophilus influenzae RdKW20 in all possible combinations. When 21	
transformed into the naïve host, each plasmid type presented a particular copy number 22	
and produced a specific resistance profile and biological cost, whether alone or 23	
coexisting with the other plasmids. Therefore, there was no fitness advantage associated 24	
with plasmid coexistence that could explain these common plasmid associations in 25	
nature. Using experimental evolution, we showed how H. influenzae Rd was able to 26	
completely compensate the fitness cost produced by any of these plasmids. Crucially, 27	
once the bacterium has compensated for a first plasmid, the acquisition of new 28	
multicopy plasmid(s) did not produced any extra biological cost. We argue therefore 29	
that compensatory adaptation pave the way for the acquisition of multiple coexisting 30	
ColE1 plasmids. 31	

Importance  32	

Antibiotic resistance is a major concern for human and animal health. Plasmids play a 33	
major role in the acquisition and dissemination of antimicrobial resistance genes. In this 34	
report we investigate, for the first time, how plasmids are capable to cohabit stably in 35	
populations. This coexistence of plasmids is driven by compensatory evolution 36	
alleviating the cost of a first plasmid, which potentiates the acquisition of further 37	
plasmids at no extra cost. This phenomenon explains the high prevalence of plasmids 38	
coexistance in wild type bacteria, which generates multiresistant clones and contributes 39	
to the maintenance and spread of antibiotic resistance genes within bacterial 40	
populations.   41	
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Introduction 42	

Antibiotic resistance is a serious problem in animal and human health and bacterial 43	
plasmids play an essential role in the dissemination of resistance (1). In last years, 44	
numerous works have described the importance of small ColE1-like plasmids in the 45	
dissemination of resistance genes (2-15). These plasmids replicate via two RNAs (16). 46	
Natural SNPs in these RNAs allow different ColE1-like plasmids to stably cohabit 47	
within the same cell (17, 18). If the plasmids bear antibiotic resistance genes, this 48	
cohabitation confers antibiotic multiresistance to the host bacteria (9).  49	

The acquisition of plasmids usually entails a biological cost to the host bacterium that 50	
will generate a selection against plasmid-bearing clones (19, 20). Thus, it is reasonable 51	
to assume that the accumulation of various plasmids will decrease the fitness of bacteria 52	
and therefore clones bearing several plasmids will be outcompeted in bacterial 53	
populations. Notwithstanding, ColE1 plasmids cohabitation is a common phenomenon 54	
in nature (9, 11, 13, 14, 21). In this study we test two hypotheses that could explain the 55	
high prevalence of plasmid coexistence in nature: i) Positive epistasis: the cost imposed 56	
by multiple ColE1 plasmids is lower than the addition of the costs produced by each of 57	
the plasmids alone (22) and ii) compensatory evolution increasing permissiveness to 58	
ColE1-like plasmids: once the bacterium has compensated the cost of a single plasmid 59	
the acquisition of new replicons does not affect the bacterial fitness (23).  60	

Here, we demonstrated that once the fitness cost of a ColE1-like plasmid is 61	
compensated the acquisition of more ColE1-like plasmids does not incur any biological 62	
cost to the bacteria, facilitating plasmid cohabitation. 63	

Materials and Methods 64	

Bacterial strains, culture conditions and antibiotic susceptibility determination. All 65	
strains and plasmids used in this study are listed in Table S1. H. influenzae was 66	
electroporated with pB1000, pB1005 and/or pB1006 from P. multocida BB1044 (9) as 67	
previously described (10). H. influenzae was cultured on chocolate agar PolyViteX 68	
plates (BioMérieux, France) and in Haemophilus Test Medium (HTM) broth (Wider, 69	
Francisco Soria Melguizo, Spain) shaking at 125 RPM and 37º C in microaerophilic 70	
conditions (5% CO2). Antibiotic susceptibility was determined via minimal inhibitory 71	
concentration (MIC) of ampicillin, streptomycin and tetracycline by broth microdilution 72	
according to the CLSI guidelines (24). 73	

Plasmid stability. We assessed the stability of the plasmids in all ColE1-bearing strains 74	
(Table 1). All three plasmids in the seven combinations presented 100% stability in H. 75	
influenzae Rd after 200 generations. 76	

Plasmid copy number quantification. The average plasmid copy number per cell was 77	
determined by quantitative PCR (qPCR) as described by San Millan et al. (25). To 78	
determine the plasmid copy number five independent DNA extractions were performed 79	
for each strain and qPCR was then carried out in triplicate for each extraction. Each 80	
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strain was grown in 2 ml of fresh HTM and the DNA was extracted at an OD600 of 81	
approximately 0.9 using the QIAamp DNA Mini Kit (Qiagen, Inc, Chatworth, 82	
California, USA). The DNA was quantified using a Nanodrop. Following the 83	
indications of Providenti et al. (26), digested DNA is a better template for plasmid 84	
quantification by qPCR than non-digested DNA. Therefore, plasmids were linearized 85	
with PstI (Takara, Japan) for 2 hours at 37ºC. In order to determine the average plasmid 86	
copy number per chromosome, the chromosomal monocopy gene rpoB was amplified to 87	
compare the ratio of plasmid-chromosomal DNA.  88	

qPCRs were performed using a My iQ Single Color Real-Time PCR Detetion System 89	
(Bio-Rad laboratories) with the iQ SYBR Green Supermix (Bio-Rad Laboratories) at a 90	
final DNA concentration of 10 pg/μl. The reaction efficiency was calculated for each 91	
reaction based on the standard curve generated by performing a qPCR with five 8-fold 92	
dilutions of the template DNA in triplicate (~0.2 ng/µl to 50 fg/µl working range of 93	
DNA concentration), and reactions with an R2 lower than 0.985 were discarded. All 94	
primers used in the reactions, as well as the melting temperatures and efficiencies of the 95	
qPCRs are described in Table S2. The amplification conditions were as follows: initial 96	
denaturation for 10 min at 94°C, followed by 30 cycles of denaturation for 1’ at 94°C, 97	
annealing for 1’ at 51,7ºC (rpoB) or 58,5°C (pB1000) 55,1ºC (pB1005) and 54,6ºC 98	
(pB1006) and extension for 1’ at 72°C. Inter-run calibration samples were used to 99	
normalize the results from different plates of each qPCR. To calculate plasmid copy 100	
number per chromosome we used the following formula: 101	

cn =
1+ Ec( )Ctc

1+ Ep( )Ctp
* Sc
Sp

 102	

Where cn is the plasmid copy number per chromosome, Sc and Sp are the sizes of the 103	
chromosomal and plasmid amplicons (in bp), Ec and Ep are the efficiencies of the 104	
chromosomal and plasmid qPCRs (relative to 1), and Ctc and Ctp are the threshold 105	
cycles of the chromosomal and plasmid reactions, respectively.  106	

Fitness determination  107	

Bacterial fitness was determined by direct competition experiments between H. 108	
influenzae Rd and H. influenzae Rd bearing plasmid(s) in HTM medium in 3-5 109	
independent experiments (25). Strains were grown for 16 hours at 37ºC and 5% CO2 in 110	
HTM, then 106 CFU of each competitor were suspended in 2 ml of HTM broth. The 111	
inocula was grown at 37º C, 5% CO2 and 125 RPM for 24 hours, after which 106 CFU 112	
were transferred to 2 ml of fresh HTM every 24 hours (1/1000) for 5 days, resulting in 113	
10 generations per serial passage. Samples were taken at time 0 and every 24 hours for 114	
5 days. Aliquots were then plated onto non-selective chocolate agar, and the ratio of the 115	
two competing strains was measured by replica plating 50-100 colonies on chocolate 116	
agar plates containing ampicillin, streptomycin and/or tetracycline corresponding the 117	
resistance gene(s) borne by the plasmid(s). The selection coefficients (s) were calculated 118	
using the regression model s = ln(CI/t), where the CI (competition index) was calculated 119	
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everyday as the ratio between the CFU of the resistant and susceptible strains at t1 120	
divided by the same ratio at t0. Time (t) was calculated as the log2 of the dilution factor 121	
(i.e. number of bacterial generations). Relative fitness (W) was calculated as 1-s. 122	

Epistasis among plasmids was determined as described by Hall et al.(27). Epistasis (ɛ) 123	
can be calculated as ɛ = W(plasmid A;plasmid B)-W(plasmid A)	×W(plasmid B), where W(plasmid A) or 124	
W(plasmid B) is the relative fitness of the strain bearing plasmid 1 or plasmid 2 compared 125	
to the plasmid free strain and W(plasmid A;plasmid B) is the relative fitness of the 126	
strain bearing both plasmids relative to the same plasmid free strain. Then, the 127	
propagation error (σɛ) was calculated by applying with the formula:  128	

σɛ= 𝜎$ %&'()*+	,	;	%&'()*+	. 	 + 	𝜎$ %&'()*+	, 	𝑊$
(%&'()*+	.) + 𝜎$(%&'()*+	.)	𝑊$

(%&'()*+	,) 129	

If the epistasis value is within the propagation error range, there are no significant 130	
epistatic interactions between the plasmids. If on the other hand the value is beyond the 131	
range of the propagation error one can assume that there are epistatic interactions. Both 132	
formulas were adjusted to estimate the epistasis among the three plasmids. 133	

In silico analysis 134	

We analyzed all Pasteurellaceae and Enterobacteriaceae genomes available in the 135	
GenBank database as of November 2015. Only genomes with the status “Complete” 136	
were included in the analysis. 137	

Results and discussion 138	

Coexistence of multicopy plasmids is common in nature  139	

ColE1 plasmids are found mainly in the families of bacteria Enterobacteriaceae and 140	
Pasteurellaceae (2, 4, 7, 9, 15, 28-30). We combined in silico and experimental 141	
information to analyze the prevalence of ColE1 plasmid coexistence in nature.  142	

We scanned the presence of ColE1 plasmids in the Enterobacteriaceae family where 143	
they were first described (16). We detected 631 plasmids in databases, in 490 complete 144	
genomes. 100 plasmids (16% of the total) belonged to the ColE1 superfamily. 45% of 145	
ColE1 plasmids coexisted with at least another ColE1 plasmid in the same cell (Table 146	
S1). We analyzed the distribution of ColE1 plasmids described in the 147	
Enterobacteriaceae genomes. As described by San Millan et al. (22) if plasmids were 148	
distributed randomly, they would follow a Poisson distribution across bacterial hosts. If 149	
there is any factor influencing the plasmid distribution such as conjugation, epistasis or 150	
selection, the observed ratio of plasmid per genome may suffer a significant deviation 151	
from the expected Poisson distribution. We found significantly different pattern 152	
between the observed and the expected distribution of genomes bearing zero, one, and 153	
two or more ColE1 plasmids: (chi-square test, P < 0.001, χ2 = 0.903, df = 2)  (Figure 1). 154	
Observed strains lacking plasmids are as common as expected, while strains carrying 155	
only one ColE1 replicon were underrepresented and the strains bearing 2 or more ColE1 156	
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plasmids were overrepresented. These results confirm a tendency towards ColE1 157	
plasmid coexistence in enterobacteria.  158	

In Pasteurellaceae there were too few genomes available in databases for a robust 159	
analysis. However, previous works suggested that ColE1 plasmid coexistence is also 160	
common (9-12, 31, 32). Actually, plasmid pB1000, which is the most widely distributed 161	
ColE1-like plasmid in this family, has been always described coexisting with other 162	
ColE1 plasmids: in Haemophilus parasuis (32), Pasteurella aerogenes (33) 163	
Actinobacillus pleuropneumoniae (Accesion number to GenBank: CP001904) and 164	
Pasteurella multocida (9) (see Table S1). Taken together, our data showed that 165	
coexistence of ColE1-like plasmids is a frequent event in nature.  166	

Biological cost of ColE1 plasmids has a multiplicative effect  167	

Plasmids produce a fitness cost in bacteria (19, 20). It is reasonable to assume that 168	
bacteria bearing two (or three) plasmids would present a decrease in fitness compared to 169	
bacteria bearing only one plasmid. However,  Silva et al. (34) and San Millan et al. (22) 170	
have demonstrated that, in some cases, the presence of one plasmid favors the presence 171	
of a second: once a bacterium had acquired a plasmid, the presence of a second (or 172	
third) plasmid in the host does not incurred an additional significant biological cost, 173	
even when these plasmids produced a cost when they are alone in the cell. This 174	
phenomenon is known as positive epistasis between coexisting plasmids.  175	

To determine whether epistatic interactions can explain ColE1 coexistence, we 176	
transformed H. influenzae RdKw20 (Rd hereinafter) by electroporation with the 177	
plasmids pB1000, pB1005 and pB1006, recovered from the a clinical isolate of P. 178	
multocida BB1044 (9). Thus, we produced a model of bacteria with seven possible 179	
plasmid combinations (one, two or three different ColE1 plasmids per bacterium). All 180	
three plasmids are composed by a variable region in which antibiotic resistance genes 181	
are encoded -blaROB-1 in pB1000, strA in pB1005 and the tet(O) in pB1006- and a 182	
highly similar conserved region with the plasmid housekeeping functions (Figure S1).  183	

To estimate the biological cost associated with the replicon(s), we performed direct 184	
competition assays between H. influenzae Rd strain bearing the plasmid(s) and the 185	
plasmid-free H. influenzae Rd strain in culture medium lacking antibiotic pressure. As 186	
expected, bacteria bearing one or more plasmid(s) were less fit than the ancestral strain 187	
(Table 1 and Figure 2). In order to test if epistatic interactions were able to explain 188	
coexistence of ColE1 replicons, we calculated epistasis as described by Hall et al. (27) 189	
(see methods). No significant epistatic interactions were found across the four 190	
combinations: pB1005/pB1006 (ɛ = -0.009, σɛ = ± 0.0425), pB1000/pB1006 (ɛ = -0.017, 191	
σɛ = ± 0.042), pB1000/pB1005 (ɛ = 0.000, σɛ = ± 0.025) and pB1000/pB1005/pB1006 (ɛ 192	
= 0.0002, σɛ = ± 0.021). (Figure 2). The biological cost of ColE1 plasmids produced a 193	
multiplicative effect: the relative fitness of strains carrying two or more ColE1 plasmids 194	
(e.g. W(pB1000, pB10056) = 0.899) was not significantly different form a multiplication of 195	
the relative fitnesses of the two bacteria bearing each one of the plasmids (e.g. W(pB1000) 196	
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× W(pB1006) = 0.946 × 0.979 = 0.899). These results therefore suggest that epistatic 197	
interactions among recently acquired plasmids are may not be at the origin of ColE1 198	
plasmid coexistence. 199	

The cost of ColE1-like plasmids is proportional to total plasmid copy number 200	

Previous reports showed that the biological cost of a single plasmid, including a ColE1 201	
plasmid (18, 35), is proportional to its copy number in the host cell (19, 36). We 202	
measured plasmid copy number (PCN) of pB1000, pB1005 and pB1006 in all the 203	
strains using quantitative PCR (qPCR) (Table 1, Figure 3). For all three plasmids, their 204	
specific PCN remained equal whether coexisting with the other plasmids or inhabiting 205	
the cell alone: pB1000 (ANOVA: P = 0.95; F = 0,10; df = 3, 16), pB1005 (ANOVA: P 206	
= 0,79; F = 0,33; df = 3, 16) and pB1006 (ANOVA: P = 0.54; F = 0,75; df =3, 16). 207	
These results suggested that replication of these ColE1 plasmids, and therefore PCN 208	
control, remained independent despite the high similarity of their conserved region. 209	
Interestingly the total PCN, regardless of plasmid type, strongly correlated with the 210	
reduction of relative fitness in the host bacteria (Pearson’s test r(19) = 0.90; P <0.001) 211	
(Figure 3). Therefore, the total number of plasmids present in the cell could explained 212	
the biological cost imposed by these ColE1 replicons in a non-adapted host, even when 213	
the plasmids carried different resistance genes.  214	

We also analyzed the resistance levels conferred by the plasmids in the different 215	
combinations. We measured the minimal inhibitory concentration (MIC) of the three 216	
main antibiotics counteracted by the three plasmids (pB1006; tetracycline, pB1005; 217	
streptomycin and pB1000; ampicillin). The resistance levels conferred by these 218	
plasmids remained constant whether they were alone or coexisting, suggesting that 219	
plasmid coexistence did not affect the expression level of these genes (Table 1).  220	

In summary, our results showed that recently acquired ColE1 plasmids acted as 221	
independent biological units in the cell, conferring antibiotic resistance, maintaining 222	
copy number and imposing fitness costs autonomously.         223	

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               224	
Compensatory evolution favors the acquisition of new ColE1 plasmids 225	

Our results suggested that the common coexistence of ColE1 plasmids in nature is not 226	
due to positive epistasis alleviating the cost imposed by multiple plasmids. An 227	
alternative hypothesis that we propose here is that plasmid coexistence may be 228	
promoted by compensatory evolution. The idea underlying this hypothesis is that after 229	
the acquisition of a first (ColE1) plasmid by a bacterium, compensatory evolution will 230	
eliminate the fitness cost produced this plasmid (22, 37-45). If the cost imposed by 231	
different ColE1 plasmids comes from a similar origin, as our previous results suggested, 232	
adaptation to this plasmid would facilitate the acquisition of further ColE1 plasmids at 233	
no extra cost.  234	

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 11, 2017. ; https://doi.org/10.1101/187070doi: bioRxiv preprint 

https://doi.org/10.1101/187070
http://creativecommons.org/licenses/by-nc-nd/4.0/


8	
	

To test this hypothesis, we propagated H. influenzae Rd bearing pB1000, which is the 235	
plasmid imposing the highest fitness cost (approximately 5% reduction in relative 236	
fitness), for 200 generations. Rd/pB1000 increased 18% its relative fitness after 100 and 237	
25% after 200 generations. We selected 1 clone from the Rd/pB1000 population after 238	
100 and 200 generations and we transformed pB1006 and pB1005 separately and 239	
together in these clones. We measured the relative fitness of all these clones and, 240	
interestingly, there were no significant differences among the relative fitnesses of 241	
Rd/pB1000 clones and the new clones bearing also pB1005, pB1006 and 242	
pB1005/pB1006 at generation 100 (ANOVA P = 0,85 F = 0,16 df = 2,6) or 200 243	
(ANOVA P = 0,92 F = 0,16 df = 2,6) (Figure 4). In addition, there were no differences 244	
in the plasmid copy number across the experiment: pB1000 (ANOVA P = 0.75, F = 245	
0.29 df = 2,12), pB1005 (ANOVA P = 0.25, F = 1.83 df = 2,5) and pB1006 (ANOVA P 246	
= 0.71, F = 0.36 df = 2,6) showing that the reduction of the fitness cost of the replicons 247	
were not related with a decrease in the plasmid copy number.  248	

To confirm that the absence of costs associated to additional plasmid carriage in our 249	
experiment was a result of compensatory evolution and not only a result of general 250	
adaptation to the experimental conditions, we propagated the Rd strain lacking the 251	
plasmid in the same conditions as described above during 100 generations. This evolved 252	
Rd strain increased its relative fitness approximately 21.5% (SEM = 0,011) compared to 253	
the ancestral Rd (Figure 4). We selected a clone from the population and we 254	
electroporated pB1006, pB1005, pB1000 and pB1006/pB1005/pB1000. The fitness cost 255	
(s) of the plasmids in the resulting strains were: pB1006 s = -0,034 (SEM ± 0.008), 256	
pB1005 s = -0.086 (SEM ± 0.050), pB1000 s = -0,045 (SEM ± 0.018) and 257	
pB1006/pB1005/pB1006 s = -0,078 (SEM ± 0.019). Therefore, the plasmids imposed 258	
the same biological cost as in the non-evolved strain: pB1006 (two-tailed t-test P = 0.55; 259	
t = -1.92; df = 4), pB1005 (two-tailed t-test P = 0.57; t = -0.97; df = 4), pB1000 (two-260	
tailed t-test P = 0.62; t = -0.80; df = 4) and pB1006/pB1005/pB1000 (two-tailed t-test P 261	
= 0.29; t = -0,40; df = 4).   262	

Taken together, these results showed that compensation of the cost produced by pB1000 263	
facilitated the acquisition of pB1005 and pB1006 cost by the host bacterium at no 264	
additional (Figure 5).  265	

Conclusion 266	

This study provides new information regarding the biology, cost, persistence and 267	
maintenance of multicopy plasmids in bacterial populations. ColE1 plasmids tend to 268	
coexist in natural bacteria, conferring antibiotic multiresistance (9, 13, 14). Our results 269	
suggest that compensatory evolution mitigating the initial cost produced by a ColE1 270	
plasmid pre-adapts the host bacterium to acquire extra ColE1 plasmids. Although we 271	
have only explored the case of plasmids ColE1, a recent report showed that mutations 272	
compensating for a particular plasmid also alleviated the cost of plasmids from different 273	
families (23). Therefore, we argue that the ability of different bacteria to compensate the 274	
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costs produced by plasmids may play a key role shaping the distribution of plasmids 275	
across bacteria (46).  276	
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	428	

	429	

Figure 1. Distribution of ColE1 plasmids in bacterial genomes.   430	

Number of plasmids per bacterial genome. The grey bars represent the expected number 431	
of genomes carrying from zero to ≥2  plasmids following a Poisson distribution (using 432	
the average plasmid/strain observed in the 490 bacterial genomes analyzed from 433	
GenBank). The white bars represent the observed frequency of strains carrying zero to 434	
≥2 plasmids in the bacterial genomes analyzed.    435	
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 436	

Figure 2. Plasmid copy number and fitness. 437	

Correlation between relative fitness of the Rd strain transformed with the different 438	
plasmids (Y axis), calculated as 1+s, and total plasmid copy number per chromosome 439	
(X axis). From left to right the blue circles represent the empirical fitness of:  440	
Rd/pB1006, Rd/pB1005, Rd/pB1000, Rd/pB1005/pB1006, Rd/pB1006/pB1000, 441	
RdpB1005/pB1000 and Rd/pB1005/pB1006/pB1005. SEM are also indicated. Orange 442	
circumferences denote the expected fitness calculated as the multiplication of the 443	
fitnesess of the strains bearing plasmids independently. From left to right is represented 444	
the theoretical fitness of Rd/pB1005/pB1006, Rd/pB1006/pB1000, RdpB1005/pB1000 445	
and Rd/pB1005/pB1006/pB1005.  446	
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	447	

 448	

Figure 3. Plasmid copy number in Rd transformed strain. 449	

Plasmid copy number per chromosome (Y axis) measured from the seven different 450	
combinations (X axis). Green, blue and red dots denote pB1006, pB1005 and pB1000 451	
respectively. SEM are also indicated.  452	
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	454	

 455	

Figure 4 Plasmids cost across the experiment Rd/pB1000  456	

Fitness cost (±SEM) of pB1006 (green), pB1005 (red) and pB1000/pB1005/pB1000 457	
(grey) calculated as the selection coefficient (see methods) at different time-points of 458	
the experiment. In t0, the dots represent the fitness cost of the plasmids when newly 459	
acquired by Rd strain. In t100 and t200 is represented the biological cost of the plasmids 460	
when transformed in the Rd/pB1000 evolved during 100 and 200 generations. In C- is 461	
represented the biological cost of the plasmids transformed in the Rd evolved without 462	
pB1000 during 100 generations.  463	
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 464	

 465	

Figure 5. Compensatory evolution facilitates plasmid cohabitation. 466	

Acquisition of new plasmid(s) and the effect on the bacterial relative fitness. Red circle 467	
denote the acquired plasmid. Non-evolved bacteria or non-evolved plasmid are shown 468	
in black; laboratory adapted bacteria are shown in blue and compensated bacteria-469	
plasmid are shown in green. The acquisition of a new ColE1 plasmid in the naïve host 470	
(bearing or lacking a plasmid), entails a decrease in the bacterial relative fitness, as well 471	
as the acquisition of the plasmid in an environmental-adapted bacterium lacking a 472	
plasmid. The acquisition of a new plasmid in the compensated plasmid-carrying 473	
bacteria does not result in any fitness cost.   474	
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Strain Plasmid Copy Number Relative Fitnessa 
MIC(mg/l)b 

Tet Str Amp 

Rd 0 1 2 8 0,25 

Rd/pB1006 10,53 ± 1,112 0,979 ± 0,012 16 8 0,25 

Rd/pB1005 20,45 ± 2,59 0,950 ± 0,013 2 1024 0,25 

Rd/pB1000 25,02 ± 1,92 0,946 ± 0,002 2 8 512 

Rd/pB1005/pB1006 28,17 ± 2,37 0,921 ± 0,017 16 1024 0,25 

Rd/pB1006/pB1000 33,96 ± 3,01 0,909 ± 0,003 16 8 512 

Rd/pB1005/pB1000 43,22 ± 4,43 0,899 ± 0,009 2 512 512 

Rd/pB1006/pB1005/pB1006 53,58 ± 12,48 0,883 ± 0,016 32 512 512 

 475	

Table 1. Plasmid copy number, relative fitness and MIC of the transformed plasmids in 476	
Rd. 477	

Plasmid copy number, fitness and antimicrobial susceptibility of the seven strains 478	
generated eletroporing the plasmids in the Rd strain. a The relative fitness is expressed 479	
compared to the Rd strain. b Tet, tetracycline; Str, streptomycin and Amp, ampicillin.  480	
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 481	

 482	

 483	

Figure  S1. Genetic structure of ColE1 plasmids utilized in this study. 484	

Schematic diagram of the 3 ColE1 plasmids used in this study. The reading frames for 485	
genes are shown as arrows, with the direction of transcription indicated by the 486	
arrowhead. The names of the genes are indicated. Genes encoding plasmid relaxases are 487	
shown in gray and the rom gene implicated in the regulation of plasmid replication is 488	
shown in yellow. In pB1000, two vertical bars bracket the region containing the origin 489	
of replication (oriV). The large vertical bar separates the conserved region of the 490	
plasmids, to the right, from the variable region of the plasmids, to the left. The 491	
accession numbers of plasmids are also indicated. The origins of replication (oriVs) of 492	
these three plasmids are highly similar compared to the unique oriV described in a 493	
ColE1 from Pasteurellaceae family (28): 89.43%, 99.93% and 91.01% conservation in 494	
pB1000, pB1005 and pB1006 respectively.  495	

496	

pB1000
4613 bp

mobC mobA mobBblaROB-1
DQ840517

pB1006
6033 bp

tet(O) mobC mobA mobB

FJ234438

pB1005
4237 bp

sul2 strA mobC ∆mobA∆mobB

FJ197818

Variable Region Conserved Region
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Strain or plasmid Description and characteristicsa Reference 

Strain   

H. influenzae  

Rd TetS, StrS, AmpS recipient strain in electroporation NC_000907 

Rd/pB1006 Rd electroporated with pB1006, TetR, This work 

Rd/pB1005 Rd electroporated with pB1005, StrR, This work 

Rd/pB1000 Rd electroporated with pB1000, AmpR, This work 

Rd/pB1006/pB1005 Rd electroporated with pB1006 and pB1005, TetR, StrR This work 

Rd/pB1006/pB1000 Rd electroporated with pB1006 and pB1000, TetR, AmpR, This work 

Rd/pB1005/pB1000 Rd electroporated with pB1006 and pB1000, StrR, AmpR, This work 

Rd/pB1006/pB1005/pB1000 
Rd electroporated with pB1006 and pB1000, TetR, StrR, 

AmpR, 
This work 

Plasmids  

pB1000 mobA mobB mobC blaROB-1; ColE1 superfamily (9) 

pB1005 mobA mobB mobC strA; ColE1 superfamily (9) 

pB1006 mobA mobB mobC tet(O); ColE1 superfamily (9) 

 498	

Table S1. Strains and plasmids used in this study. 499	

Strains and plasmids used in the compensation-acquisition hypothesis. a Tet, 500	
tetracycline; Str, streptomycin and Amp, ampicillin; “R” and “S” means resistant and 501	
susceptible respectively.   502	
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Primers Sequence (5`à3’) 
Fragment 

amplified 
Efficiency 

Annealing 

Tº 

 

TET(O) F 

 

CCAGACAGCAGTGACATC 
 

pB1006 (200 bp) 

 

95,7-99,1% 

 

54,6ºC 
TET(O) R TCGGAATCTTCATTATCTGTAGT 

     

STRA F TTGGTTTGTCATAGATATTC 
pB1005 (199 bp) 98,8% 55,1ºC 

STRA R AATGATGAGCGATTTATTC 

     

ROB-1 F CCAATTCTGTTCATTCGGTAAC 
pB1000 (195 bp) 95,8% 58,5ºC 

ROB-1 R CATAAGCAAAGCGTTCATCTG 

     

RPOB F GCAGACGAAGCGGAAATC 
rpoB (192 bp) 95,7-99,8% 51,7ºC 

RPOB R AAGGCTATAAGAACCTGTTGAAC 

 504	

Table S2. Primers used in this study. 505	

Primers used in the qPCRs. The sequence, fragment amplified, efficiency of the qPCR 506	
and Annealing Tº of the primers are indicated.  507	



22	
	

 508	

Specie Strain ColE1-like plasmid Othersa Characteristicsb 

Enterobacteriaceae     
Citrobacter freundii CAV1741 pCAV1741-1960, 

pCAV1741-3233 
4 HP1, HP 

C. freundii CAV1321 pCAV1321-1916, 
pCAV1321-3233, 
pCAV1321-3820, 
pCAV1321-4310, 
pCAV1321-4938 

4 HP, HP, HP, HP, 
HP 

Enterobacter cloacae 34978 P34978-4.398, p34978-
5.413, p34978-2.725 

3 HP, HP, HP, HP 

Escherichia coli O26:H11 pO26_4, pO26_3 2 HP, R/M2 

E. coli SMS-3-5 pSMS35-8, pSMS35_3 2 Col-E103, IS1 
E. coli O55:H7 p12579_5, p12579_4, 

p12579_3 
2 M/R; Aph(3’’)-ib, 

Aph(6)-Id; TEM-1 
E. coli E24377A pETEC_6, pETEC_5 4 Aph(6)-Id, 

Aph(3’’)-Ib, sul2; 
nga 

E. coli SE11 pSE11-5, pSE11-4 4 HP, nga 
E. coli PCN061 PCN061p3, PCN061p2, 

PCN061p1 
3 sul2, Aph(3’’)-Ib, 

Aph(6)-Id; HP; HP 
E. coli ST648 pEC648_7, pEC648_5 4 HP, HP. 
Klebsiella oxytoca CAV1374 pCAV1374-6538, 

pCAV1374-14 
9 Tn3, Tn3 

K. pneumoniae 234-12 pKpn2312-5, pKpn23412-4 0 HP, HP 
K. pneumoniae MGH 78578 pKPN6, pKPN7 3 HP, HP 
K. pneumoniae Kp13 pKP13b, pKP13c 4 SMR4 
Salmonella 
Typhimurium 

CFSAN001921 unnamed 2 (NC_021843), 
unnamed3 (NC_021816) 

1 HP, HP 

S. enterica YU39 pYU39_4.8, pYU39_4.2 4 HP, HP 
Serratia marcescens CAV1492 pCAV1492-3223, 

pCAV1492-6393 
4 ND 

Shigella flexneri 2002017 pSFxv_3, pSFxv_4, 
pSFxv_5 

2 strA, HP, Fe5 

S. sonnei Ss046 pSS046_spA, pSS046_spB 2 tet(A), Col-E13 

Pasteurellaceae     
A. pleuropneuminae AP76 pB1002, pB1003, APP7_C ND blaROB-1; strA,sul2; * 

H. parasuis BB1020 pB1000, pB1006 ND blaROB-1, tet(O) 

P. aerogenes BB1084 pB1000, pIG1 ND blaROB-1, strA 

P. multocida BB1038 pB1000, pB1005 ND blaROB-1; strA, sul2 

P. multocida BB1039 pB1000, p9956 ND blaROB-1, tet(H) 
P. multocida BB1046 pB1002, pB1003 ND blaROB-1; strA, sul2 
P. multocida BB1044 pB1000, pB1005, pB1006 ND blaROB-1; strA, sul2; 

tet(O) 
 

Table S3. ColE1 plasmids cohabiting in nature. 
a Non ColE1 plasmids presented in the same cell 
b Genes founded in the variable región of ColE1 plasmids: 1 HP, Hypothetical Protein; 2 

M/R, Restriction/Modification System; 3 Col-E1, Colicin E1; 4 SMR, Small Multidrug 
Resistance proteíns; 5 Fe, involved in ferric resistance; * Cryptic plasmid. 
 509	


