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Calculation	
  of	
  plasmid	
  loss	
  rat	
  25	
  

The	
   rate	
   of	
   decline	
   of	
   plasmid-­‐bearing	
   cells	
   within	
   a	
   population,	
   or	
   ‘plasmid	
   loss	
  26	
  

rate’,	
  in	
  each	
  assay	
  was	
  calculated	
  using	
  a	
  logistic	
  regression	
  model,	
  adapted	
  from	
  Hughes	
  27	
  

et	
  al.	
  (1),	
  as	
  described	
  below:	
  	
  28	
  

	
  29	
  

Here,	
   i	
   is	
   an	
   identifier	
   of	
   the	
   sampling	
   technique,	
   k	
   represents	
   the	
   day	
   of	
  30	
  

observation,	
  and	
  l	
  denotes	
  three	
  replicate	
  stability	
  assays.	
  	
  The	
  observed	
  counts	
  of	
  plasmid-­‐31	
  

containing	
   bacteria,	
   Yikl,	
   were	
   assumed	
   to	
   follow	
   a	
   binomial	
   distribution	
   (BIN)	
   with	
   the	
  32	
  

expected	
  proportion	
  of	
  plasmid	
  free	
  cells	
  equal	
  to	
  πikl	
  and	
  sample	
  size	
  equal	
  to	
  nikl.	
  	
  αi	
  and	
  βi	
  33	
  

represent	
  the	
  intercept	
  and	
  slope	
  of	
  the	
  linear	
  model,	
  respectively,	
  per	
  sampling	
  technique	
  34	
  

i	
  and	
  were	
  assumed	
  to	
  be	
  normally	
  distributed.	
   	
  The	
  parameter	
   	
  was	
  added	
  to	
  capture	
  35	
  

variation	
   in	
   sampling	
   not	
   accounted	
   for	
   by	
   the	
   binomial	
   model	
   (overdispersion).	
   	
   The	
  36	
  

distribution	
  of	
  the	
  standard	
  deviation	
   	
  was	
  assumed	
  to	
  be	
  uniform	
  with	
  an	
  upper	
  bound	
  37	
  

of	
  100.	
  38	
  

Intercepts	
  of	
   the	
  presented	
  model	
  provide	
  an	
   indicator	
  of	
   the	
   initial	
  proportion	
  of	
  39	
  

cells	
   in	
  the	
  population	
  without	
  a	
  plasmid	
  at	
  time	
  zero.	
  The	
  slopes	
  provide	
  an	
  indicator	
  of	
  40	
  

the	
  rate	
  of	
  plasmid	
  loss	
  over	
  time.	
  	
  Due	
  to	
  the	
  nonlinear	
  nature	
  of	
  this	
  rate,	
  to	
  compare	
  the	
  41	
  

γ ikl

€ 

σγ

€ 

Yikl ~ BIN π ikl,nikl( ),

logit π ikl( ) =
π ikl

1−π ikl

= α i + βi10k + γ ikl ,

i =1,...,5,k = 0,...,K,l =1,...,3
α i ~ N 0,1000( ),
βi ~ N 0,1000( ),

γ ikl ~ N 0,σγ( )



	
   3	
  

different	
  analysis	
  methods	
   the	
  maximum	
  rate	
  of	
  change,	
  occurring	
  at	
   the	
   time	
  where	
   the	
  42	
  

plasmid-­‐bearing	
  fraction	
  of	
  the	
  population	
  was	
  50%,	
  was	
  used.	
  	
  This	
  is	
  equivalent	
  to	
  βi/4.	
  	
  43	
  

Stability	
  (or	
  instability)	
  was	
  determined	
  by	
  the	
  magnitude	
  of	
  this	
  value	
  –	
  the	
  more	
  negative	
  44	
  

the	
  value,	
  the	
  less	
  stable	
  the	
  plasmid.	
  45	
  

Markov	
  Chain	
  Monte	
  Carlo	
  (MCMC)	
  was	
  used	
  to	
   implement	
   the	
  model,	
  specifically	
  46	
  

using	
  a	
  Gibbs	
  sampler	
  (2),	
  as	
  implemented	
  in	
  JAGS	
  (3).	
  	
  Three	
  parallel	
  chains	
  were	
  run	
  for	
  47	
  

1,000,000	
   iterations,	
   discarding	
   the	
   first	
   900,000	
   as	
   burn	
   in.	
   	
   Samples	
  were	
   taken	
   every	
  48	
  

100th	
   iteration	
   to	
   overcome	
   possible	
   autocorrelation.	
   From	
   this	
   target	
   posterior	
  49	
  

distribution	
  dataset	
  30	
  points	
  were	
  sampled	
  at	
   random	
  without	
  replacement	
   to	
  calculate	
  50	
  

and	
  compare	
  the	
  mean	
  maximum	
  loss	
  rate.	
  	
  Convergence	
  was	
  assessed	
  using	
  the	
  Gelman-­‐51	
  

Rubin	
  diagnostic	
   (4).	
   	
   Computation	
  was	
  done	
  using	
  R	
   (R	
  Development	
  Core	
  Team,	
  2012.	
  52	
  

http://www.R-­‐project.org/)	
  utilizing	
  the	
  package	
  rjags	
  (M.	
  Plummer.	
  2011.	
  http://CRAN.R-­‐53	
  

project.org/package=rjags)	
  for	
  interface	
  with	
  JAGS	
  and	
  coda	
  (5)	
  for	
  diagnostics.	
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FIG.	
  S1.	
  	
  Comparison	
  of	
  the	
  persistence	
  of	
  pB10::gfp	
  to	
  wild	
  type	
  pB10	
  (6)	
  in	
  P.	
  putida	
  UWC-­‐67	
  

1,	
  P.	
  veronii	
  S34	
  and	
  P.	
  putida	
  H2	
  using	
  the	
  PC	
  method.	
  Note	
  that	
  in	
  strain	
  S34,	
  the	
  fraction	
  68	
  

of	
  cells	
  with	
  wild	
  type	
  plasmid	
  also	
  eventually	
  declined	
  after	
  10	
  days	
  (6).	
  	
  P+,	
  plasmid-­‐69	
  

containing	
  cells.	
  70	
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FIG. S1.  Comparison of the stability of pB10::gfp to wild type pB10 (De Gelder et al., 2007) in P. putida 
UWC-1, P. veronii S34 and P. putida H2 using the PC method.
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FIG.	
  S2.	
  	
  Maximum	
  plasmid	
  loss	
  rates	
  (per	
  generation)	
  for	
  pB10::gfp	
  and	
  wild	
  type	
  pB10	
  in	
  76	
  

the	
  three	
  hosts.	
  	
  *	
  In	
  P.	
  putida	
  UWC-­‐1	
  no	
  plasmid	
  loss	
  was	
  observed,	
  while	
  in	
  P.	
  veronii	
  S34	
  77	
  

pB10	
  was	
  reported	
  to	
  be	
  only	
  sporadically	
  lost	
  during	
  the	
  first	
  10	
  days	
  of	
  the	
  persistence	
  78	
  

assay,	
  with	
  plasmid-­‐containing	
  cells	
  varying	
  at	
  a	
  fraction	
  between	
  0.98	
  and	
  1.0	
  during	
  this	
  79	
  

time	
  	
  (6).	
  Therefore	
  the	
  maximum	
  loss	
  rate	
  for	
  these	
  three	
  strains	
  was	
  regarded	
  as	
  zero.	
  80	
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FIG. S2.  Maximum plasmid loss rates for pB10::gfp and wild type pB10 in the three hosts.  * Loss of pB10 
from P. veronii S34 was reported to be sporadic and the ratio of plasmid-containing cells never decreased 
below 0.98 over the course of the stability assay (De Gelder et al., 2007) and thus the maximum loss rate 
was regarded as zero for purposes of analysis using the logarithmic regression model.

**
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FIG.	
   S3.	
   	
   Average	
   sample	
   size	
   across	
   all	
   time	
   points	
   for	
   each	
   persistence	
   assay.	
   	
   For	
   PC	
  83	
  

sample	
  size	
  refers	
  to	
  the	
  number	
  of	
  colonies	
  screened,	
  for	
  FCM	
  it	
  refers	
  to	
  the	
  number	
  of	
  84	
  

events	
  interrogated	
  within	
  the	
  SSC-­‐FSC-­‐gated	
  population	
  and	
  for	
  Real-­‐Time	
  qPCR	
  it	
  is	
  the	
  85	
  

number	
  of	
  chromosomes	
  that	
  were	
  present	
  in	
  each	
  Real-­‐Time	
  qPCR	
  reaction.	
  	
  	
  86	
  

	
  87	
  

	
  88	
  

	
  89	
  

	
  90	
  

	
  91	
  

	
  92	
  

	
  93	
  

	
  94	
  

1e
+0
1

1e
+0
3

1e
+0
5

1e
+0
7

1e
+0
9

Sa
m

pl
e s

ize

PC FC
M

Re
al-

Ti
m

e
qP

CR

P. putida UWC-1 P. veronii S34 P. putida H2

PC FC
M

Re
al-

Ti
m

e
qP

CR

PC FC
M

Re
al-

Ti
m

e
qP

CR

FIG. S3.  Average sample size across all time points for each stability assay.  For PC sample size refers to the 
number of colonies screened, for FCM it refers to the number of events interrogated within the SSC-FSC-
gated population and for Real-Time qPCR it is the number of chromoso mes that were present in each 
Real-Time qPCR reaction.  The number of chromosomes were calculated from the Real-Time qPCR data 
based on seven and three 16S rRNA gene copies per chromosome for P. putida (Bodilis et al., 2012)  and P. 
veronii (De Lima-Morales et al., 2013), respectively.
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FIG.	
  S4.	
  Artificial	
  plasmid	
  stability	
  assays	
  consisting	
  of	
  known	
  ratios	
  of	
  plasmid-­‐containing	
  96	
  

and	
  –free	
  P.	
  putida	
  UWC-­‐1	
  cells	
  and	
  measured	
  by	
  PC,	
  FCM	
  and	
  real-­‐Time	
  qPCR.	
  Different	
  97	
  

plasmid	
  loss	
  rates	
  were	
  achieved	
  by	
  diluting	
  plasmid-­‐containing	
  cells	
  into	
  plasmid-­‐free	
  98	
  

cells	
  following	
  a	
  1	
  in	
  2,	
  1	
  in	
  3	
  and	
  1	
  in	
  10	
  dilution	
  series.	
  Each	
  dilution	
  series	
  was	
  repeated	
  99	
  

in	
  triplicate.	
  Data	
  are	
  the	
  same	
  as	
  in	
  Fig.	
  5	
  but	
  here	
  fractions	
  are	
  plotted	
  on	
  a	
  logarithmic	
  100	
  

scale.	
  	
  P+,	
  plasmid-­‐containing;	
  RA,	
  relative	
  abundance.	
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Supplementary	
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  110	
  

	
  111	
  

	
  112	
  

	
   	
  113	
  

Table	
  S1	
  	
  ANOVA*	
  comparisons	
  of	
  the	
  maximum	
  loss	
  rates	
  across	
  the	
  three	
  different	
  
techniques	
  for	
  each	
  of	
  the	
  persistence	
  assays.	
  

*	
  Pairwise	
  t-­‐test;	
  where	
  df	
  is	
  the	
  degrees	
  of	
  freedom,	
  sum	
  sq	
  is	
  the	
  sum	
  of	
  the	
  squares,	
  mean	
  sq	
  is	
  the	
  mean	
  
of	
  the	
  squares,	
  f	
  is	
  the	
  f-­‐statistic	
  and	
  p	
  is	
  the	
  probability	
  that	
  the	
  null	
  hypothesis	
  is	
  true	
  

*	
  Pairwise	
  t-­‐test;	
  where	
  df	
  is	
  the	
  degrees	
  of	
  freedom,	
  sum	
  sq	
  is	
  the	
  sum	
  of	
  the	
  squares,	
  
mean	
  sq	
  is	
  the	
  mean	
  of	
  the	
  squares,	
  f	
  is	
  the	
  f-­‐statistic	
  and	
  p	
  is	
  the	
  probability	
  that	
  the	
  
null	
  hypothesis	
  is	
  true	
  

*	
  	
  F	
  test;	
  f	
  is	
  the	
  f-­‐statistic	
  and	
  p	
  is	
  the	
  probability	
  that	
  the	
  null	
  hypothesis	
  is	
  true	
  

df sum&sq mean&sq f p Significant
P.#putida&UWC1&(pB10::gfp) 2 5.43E@05 2.71E@05 4.04E+02 <0.001 Yes
P.#veronii&S34&(pB10::gfp) 2 2.24E@03 1.12E@03 1.23E+03 <0.001 Yes
P.#putida&H2&(pB10::gfp) 2 6.70E@03 3.35E@03 5.26E+02 <0.001 Yes

1&in&2&dil.&series 2 8.14E@04 4.07E@04 1.44E+02 <0.001 Yes

1&in&3&dil.&series 2 1.72E@02 8.60E@03 3.07E+02 <0.001 Yes

1&in&10&dil.&series 2 1.11E@02 5.55E@03 2.15E+01 <0.001 Yes

Dilution Comparison f p Result
PC2vs2FCM 1.1466 0.7151 Similar
PC2vs2qPCR 0.9765 0.9495 Similar
FCM2vs2qPCR 0.8517 0.6685 Similar
PC2vs2FCM 1.9203 0.08419 Similar
PC2vs2qPCR 1.0142 0.9699 Similar
FCM2vs2qPCR 0.5281 0.091 Similar
PC2vs2FCM 4.1659 <0.001 FCM2smaller
PC2vs2qPCR 2.3356 0.02561 qPCR2smaller
FCM2vs2qPCR 0.5606 0.125 Similar

12in22

12in23

12in210

Table	
  S3	
  	
  Comparison	
  of	
  variance*	
  in	
  the	
  maximum	
  loss	
  rate	
  calculated	
  from	
  
the	
  data	
  gathered	
  using	
  each	
  of	
  the	
  three	
  techniques.	
  
	
  

Table	
  S2	
  	
  ANOVA*	
  comparisons	
  of	
  the	
  maximum	
  loss	
  rates	
  across	
  the	
  three	
  
different	
  dilution	
  series	
  for	
  each	
  of	
  the	
  three	
  techniques.	
  

df sum&sq mean&sq f p Significant
PC 2 0.2261 0.1131 676.2 <0.001 Yes
FCM 2 0.1604 0.0802 1828 <0.001 Yes
RealBTime&qPCR 2 0.1846 0.0923 1177 <0.001 Yes
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