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Reviewer #1 (Remarks to the Author):

I commend the authors for this well-written, easy to understand manuscript that provides an 

alternative to the tedious phage plaque assays and one step growth curves. The approach they 

suggest is simple, clever, and rigorously supported with data. Given that many phage labs are 

increasingly using plate readers in their work, this approach should be broadly utilizable. My 

only suggestion is to remove the sentence at line 150-151. I am fairly certain I have seen 

published quantitative tests of the connection between slow growth and lysogeny, and besides, 

the claim adds nothing to the manuscript.

Reviewer #2 (Remarks to the Author):

The paper by Geng et al. tried to propose new assays to quantify phage concentrations and 

other basic parameters that characterise phage-bacteria interaction by measuring OD and 

analysing it using mathematical models without involving labor-intensive classical assays. If 
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but it is very likely that there are a wide set of parameters that can do roughly as good, and we 

cannot use this as a method to infer the parameter.

My other fundamental concern is how the growth rate dependence of parameters is inferred. 

The experiments are done under the condition that the growth rate is continuously changing, 
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point and the inferred parameter. This is only a correlation, and that does not mean that the 

instantaneous growth rate determines the phage parameter. However, the manuscript does not 

distinguish between correlation and causality.

I do believe in the usefulness of simple mathematical models, but it is also important to know 
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Below I detail my criticisms.
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concentration, and by measuring lysis OD by using a plate reader, one can infer the phage 
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However, the precision is rather limited since the correspondence is only a logarithm. A small 

error in OD measurement will give a very large error in the readout of the phage concentration. 

However, the authors do not discuss the precision of the proposed method, which is a very 

important point if this method were to be used to quantify phage concentration. What is the 

expected error bar if one measures the lysis OD only once and reads the phage concentration 

out? Does it help to do many parallel OD curves and measure lysis OD with a smaller error bar? 
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2)The model is based in the cell number concentration, and the authors seems to assume the 

conversion factor that OD 1 is 10^9 CFU/ml (Supll. Material 6.1) without experimentally 

checking it. However, it is well known that cell size changes upon growth, especially close to the 

entropy to the stationary phase, and also depending on the growth media (faster growth gives 
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and, hence, the inferred parameters for some factors.
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3-a)There is a fundamental question if the infected cells in the latent period contribute to the 

OD in the same way as uninfected cells. The last author previously showed impressive movies 

of cells infected by lambda going through the lysis process (Golding I. Single-cell studies of 
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before the burst. The current model assumes that one infected cell represents the same OD as 
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from its deviation from the uninfected OD curve to the collapse using the model presented in 

6.3 in the supplementary material. It is unclear how the initial condition for eq. (6.5) was set. If it 

was set so that all populations are in I1 at the lysis OD, then that is equivalent to assuming that 
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3-b-i)The authors make a correlation curve between the instantaneous growth rate at the lysis 

OD and the inferred latent period, but as stated above, the actual infection should have 

happened over a period of time where the growth rate is continuously changing. Because the 

nutrient decreases over time in general, the latent period can still correlate with the growth rate 

at the lysis OD, but that does not mean that the instantaneous growth rate at that time 

determines the latent period. However, the authors assume this causality without deeper 

consideration.
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massive lysis and state it is T4 measurement in ref. 22. However, another measurement of T4 
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Fishov I, Zaritsky A. Bacteriophage T4 development depends on the physiology of its host 

Escherichia coli. Microbiology. 1997 Jan;143(1):179-85. : Parameter dependence is summarised 

in Rabinovitch A, Fishov I, Hadas H, Einav M, Zaritsky A. Bacteriophage T4 development in 

Escherichia coli is growth rate dependent. Journal of theoretical biology. 2002 May 7;216(1):1-

4.). This should be discussed.
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4-a)The model assumes that the phages are produced only after the cell lysis. However, the 

method states that to measure the phage concentration in Fig. 2D, the cells in the sample were 

lysed by adding chloroform. This allows the phages produced in the infected cells that have not 

yet burst also to be included in the phage count. Therefore, the data in Fig. 2D is not correspond 
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growth rate and the correlation in Fig. 2C. This has the concern as stated in 2-ii); hence, the 

value used may be wrong.
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of freedom and many parameters can compensate for each other, there may be a wide range of 
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parameters are not as constrained as the error bars suggest. For example, the authors assume 

constant burst size, but a clear change in the burst size was observed when the growth rate was 

changed in the steady state growth condition in the Hadas paper mentioned above. For 

example, if the latent period prediction in Fig 2C is wrong but actually does not change much, 

but if burst size is reduced with growth rate, this may compensate. Overall, there are so many 
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authors present appears misleading.

5) In Fig 4, the authors inferred the growth rate dependence of the lysogenisation frequency and 

the spontaneous induction rate.

5-a)For Fig. A-C, the authors plot a correlation between the frequency of lysogeny and the 

growth rate at the time when the phage is added. Again, as stated above, this is just a 

correlation.

The model presented in Fig. S9 is inconsistent with their assumption of the lysogenisation 

frequency dependence upon growth rate and MOI.

5-b)The model does not count the superinfection (though it is possible to construct such a 

model, where every infection to the infected state can move to another superinfected state), so 

the model does not know how many fraction of the infected cells experienced superinfections. 

Instead, the lysogenisation frequency is assigned based on the initially added phage 

concentration. This is another indication that the data is not constraining the model: A simple 

model actually reproduces the curves quite all right without the complex growth rate 

dependence or MOI dependence. That does not necessarily mean that the model and inferred 

parameters are close to the truth.

5-c)For the induction rate, the authors assume there is no phage adsorption in this experiment. 

The method states that LB medium was “supplemented with 10mM MgSO4 and 0.2% glucose, 
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adsorption rate to add glucose is at most factor 100 reduction, but it can be only factor 10. 

When the cell concentration is high and investigating time scale of hours, even a small 

+.;8:9<387 :+</ -+7 +B/-< <2/ 92+1/ 7=6,/: ;3173C-+7<5@G )2/ +=<28:; ;28=5. ;28? <2+< <2/

adsorption is negligible in the concentration and time scale used in the condition used.
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Supplementary Fig. 7: Modeling infection dynamics under different growth-rate dependencies.  
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Fig. 3: A mathematical model captures the growth dynamics of phages and bacteria and allows inference of infection 

parameters. 
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!d" 8/'#4'3,#6L:3.'&#'..%.#!$MN"#%)#+/'#&*))'.',+#4%&'(#D3.*3,+6#F/',#)*++*,-#+%#+/'#4'36:.'&#01#&2,34*567#

!e" 8/'#4%&'(#D3.*3,+#F/'.'#!#&'@',&6#%,#+/'#C35+'.*3(#-.%F+/#.3+'#6:55'66):((2#@.'&*5+6#+/'#@/3-'#5%,5',+.3+*%,#%D'.#+*4'#*,#

+/'#*,)'5+'&#5:(+:.'67#B%(%.'&#43.A'.6=#&3+3#).%4#*,)'5+*%,#3+#&*))'.',+#*,*+*3(#@/3-'#5%,5',+.3+*%,67#B%(%.'&#(*,'6=#@.'&*5+*%,6#

%)#+/'#C'6+>)*+#4%&'(O#6/3&*,-=#@.'&*5+*%,6#C2#+/'#',6'4C('#@3.34'+'.67#K%.#%+/'.#4%&'(#D3.*3,+6=#6''#Supplementary Fig. 77

2. Uncertainty in parameter values. $) +,( &/2:2)-4 '-).0%/28+6 +,( (//&/ 2) 8-/-'(+(/ 9-4.(0 3-0 (0+2'-+(* 

1/&' /(8(-+(* /.)0 &1 +,( 02'.4-+(* -))(-42): 8/&%(*./(< =& (K84&/( +,( 8-/-'(+(/ 08-%( '&/( +,&/&.:,476 3( 

)&3 .0( B-/@&9 %,-2) B&)+( R-/4& GBRBRJ G/(1< 2J +& (0+2'-+( +,( 8&0+(/2&/ *20+/2?.+2&)0 &1 +,( 8-/-'(+(/0 G0(( 

42)(0 UI5ID &1 +,( /(920(* +(K+ -)* Supplementary Methods, Sections 6.4-6.5J< =,( /(0.4+0 1&/ 2)1(%+2&) 2) \] 

0.884('()+(* 32+, "D 'B B:WL4 G\]BJ6 0,&3) 2) NEW Supplementary Fig. 8 -)* Supplementary Table 3 

G?&+, /(8/&*.%(* ?(4&3J6 2)*2%-+( - ^Y_C 1&4* .)%(/+-2)+7 /-):( 1&/ "6 #6 -)* !< V./+,(/'&/(6 -0 )&+(* 2) T&2)+ 

[ ?(4&36 +,( %&-/0(5:/-2)(* 8-/-'(+(/ & '
!"#

$%&'(")*+
6 *(0%/2?2): +,( /(4-+29( :/&3+, /-+( &1 +,( 92/-4 8&8.4-+2&) 

GSupplementary Methods, Sections 6.7J6 20 %&)0+/-2)(* '&/( +2:,+47< F( -8842(* +,( 0-'( 12++2): 8/&%(*./( 

1&/ 2)1(%+2&) 2) BI '2)2'-4 ?/&+, 0.884('()+(* 32+, D<[` '-4+&0( GBIB-4J -)* 32+, D<[` :4.%&0( GBI>4.J 

GSupplementary Figs. 10a-d6 /(8/&*.%(* ?(4&36 -)* Supplementary Table 3J<  
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Supplementary Fig. 8: Comparison of inferred parameters under different growth-rate dependencies.  

!a-d"#8/'#&*6+.*C:+*%,#%)#@/3-'>5'((#',5%:,+'.#.3+'#!=#C:.6+#6*E'#"=# (3+',+#@'.*%&##=#3,&#+/'*.#&'@',&',5*'6#%,#+/'#,%.43(*E'&#

*,6+3,+3,'%:6#-.%F+/#.3+'#!-"7#8/'#4%&'(6#6/%F,#3.'#!a"#9,:((#4%&'(;=#!b"#9!>4%&'(;=#!c"#9">4%&'(;#3,&#!d"#9#>4%&'(;7#?,#

'35/#@3,'(=#+/'#43.-*,3(#&*6+.*C:+*%,#%)#+/'#@3.34'+'.6#*6#6/%F,#%,#+/'#&*3-%,3(=#3,&#+/'#P%*,+#&*6+.*C:+*%,#%)#@3*.6#%)#@3.34'+'.6#

*6#6/%F,#%))>&*3-%,3(7#Q(:'#(*,'#*,&*53+'6#+/'#C'6+>)*+#@3.34'+'.#D3(:'7##

(e)#B%4@3.*6%,#%)#+/'#&*6+.*C:+*%,#%)#!#!(')+"=#"#!4*&&('"=#3,&###!.*-/+"#).%4#+/'#&*))'.',+#4%&'(6#!9!>4%&'(;=#9">4%&'(;#3,&#

9#>4%&'(;"7#K%.#4%&'(6#*,#F/*5/#+/'#@3.34'+'.#*6#-.%F+/#.3+'>*,&'@',&',+=#+/'#@%6+'.*%.#&*6+.*C:+*%,#).%4#$B$B#*6#6/%F,7#

K%.# 4%&'(6# *,# F/*5/# +/'# @3.34'+'.# *6# -.%F+/# .3+'>&'@',&',+=# F'# *,+'-.3+'# +/'# @%6+'.*%.# &*6+.*C:+*%,# F*+/# +/'# -.%F+/# .3+'#
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&*6+.*C:+*%,#+/.%:-/%:+#+/'#*,)'5+*%,#@.%5'66'6O#+/'#.'6:(+*,-#&*6+.*C:+*%,#*6#&*D*&'&#*,+%#3#@%@:(3+*%,#.'@.'6',+*,-#+/'#@3.34'+'.6#

3+# )36+>-.%F*,-# 5%,&*+*%,6# !&%:C(*,-# +*4'#2#RS# 4*,"# 3,&# 3,%+/'.# @%@:(3+*%,# .'@.'6',+*,-# +/'# @3.34'+'.6# 3+# 6(%F>-.%F*,-#

5%,&*+*%,6#!&%:C(*,-#+*4'#3#RS#4*,=#*,#-.32"7##

8/'# )*++*,-# @.%5'&:.'# *6# &'65.*C'&# *,# Supplementary# Methods, Sections 6.4-6.57# 8/'# )*++'&# @3.34'+'.6# 3.'# 6/%F,# *,#

Supplementary#Table 37#

Supplementary Fig. 10: Modeling infection dynamics in minimal media.  

!a-b"#K*++'&#01#&2,34*56#)%.#*,)'5+*%,#*,#!a"#$T$3(#3,&#!b"#$TU(:7#?,#'35/#@3,'(=#5%(%.'&#43.A'.6=#&3+3#).%4#*,)'5+*%,#3+#

&*))'.',+#*,*+*3(#@/3-'#5%,5',+.3+*%,67#B%(%.'&#(*,'6=#C'6+#)*+#%)#+/'#4%&'(7#B%(%.'&#6/3&*,-=#)*+6#C2#+/'#',6'4C('#%)#@3.34'+'.6#

%C+3*,'&#:6*,-#$3.A%D#5/3*,#$%,+'#B3.(%#!$B$B"7#

!c-d"#8/'#&*6+.*C:+*%,#%)#@/3-'>5'((#',5%:,+'.#.3+'#!=#C:.6+#6*E'#"=#3,&#(3+',+#@'.*%&###)%.#*,)'5+*%,#*,#!c"#$T$3(#3,&#!d"#$TU(:7#

?,# '35/# @3,'(=# +/'# 43.-*,3(# &*6+.*C:+*%,# %)# +/'# @3.34'+'.6# *6# 6/%F,# %,# +/'# &*3-%,3(=# 3,&# +/'# P%*,+# &*6+.*C:+*%,# %)# @3*.6# %)#

@3.34'+'.6# *6# 6/%F,# %))>&*3-%,3(7# Q(:'# (*,'# *,&*53+'6# +/'# C'6+>)*+# @3.34'+'.# D3(:'7# 8/'# )*++*,-# @.%5'&:.'# *6# &'65.*C'&# *,#

Supplementary Methods, Section 6.47#8/'#)*++'&#@3.34'+'.6#3.'#6/%F,#*,#Supplementary Table 37#
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Supplementary Table 3: Fitted infection parameters under different growth conditions 

Growth 

medium 
Model Parameter Range of prior Best fit value Range of ensemble of parameters 

LBM 

Null model 

! [10-12, 10-10] mL min-1 3.1×10-11 mL min-1 [2.4×10-11, 4.1×10-11] mL min-1

" [10, 1000] 211.6 [140.5, 344.8] 

# [30, 150] min 64.5 min [52.3, 81.2] min 

!-model: 

! $ %&'()* !! + !" , -.

!" [10-12, 10-10] mL min-1 1.42×10-11 mL min-1 [8.5×10-12, 2.4×10-11] mL min-1

!!/ [10-12, 10-10] mL min-1 -4.9×10-13 mL min-1 [-5e×10-13, 2.8×10-12] mL min-1

" [10, 1000] 155.7 [96.5, 343.9] 

# [30, 150] min 30.0 min [30.0, 35.3] min 

"-model: 

" $ %&'()* "! + "" , -.

! [10-12, 10-10] mL min-1 1.24×10-11 mL min-1 [9.4×10-12, 1.5×10-11] mL min-1

"" [10, 1000] 164.2 [143.5, 276.4] 

"! [-1000, 1000] -4.9 [-11.3, -3.2] 

# [30, 150] min 30.0 min [30.0, 34.1] min 

#-model: 

# $ %&'(0)* #! + #" , -.

! [10-12, 10-10] mL min-1 8.1×10-12 mL min-1 [4.3×10-12, 1.2×10-11] mL min-1

" [10, 1000] 150.9 [84.6, 370.4] 

#" [-1000, 1000] min -357.9 min [-438.7, -298.3] min 

#! [0, 1000] min 119.4 min [101.8, 142.7] min 

M9Mal Null model 

! [10-11, 10-8] mL min-1 6.3×10-10 mL min-1 [5.2×10-10, 7.9×10-10] mL min-1

" [10, 1000] 150.0 [97.8, 213.4] 

# [30, 150] min 51.8 min [46.9, 59.1] min 

M9Glu Null model 

! [10-11, 10-8] mL min-1 7.5×10-11 mL min-1 [7.0×10-11, 7.8×10-11] mL min-1

" [10, 1000] 563.4 [515.9, 661.7] 

# [30, 150] min 106.0 min [103.7, 109.1] min 
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3. Predictive power of the model. =& +(0+ +,( '&*(4c0 8/(*2%+29( 8&3(/6 3( )&3 12+ 2+ +& +,( LM *7)-'2%06 -)* 

.0( +,( 2)1(//(* 8-/-'(+(/0 +& 8/(*2%+ +,( 8,-:( *7)-'2%0 G42)(0 "DH5"DU -)* Supplementary Methods, 

Section 6.6J< =,20 %&)+/-0+0 32+, +,( (-/42(/ 9(/02&) &1 +,( '-).0%/28+6 3,(/( 3( .0(* ?&+, %(44 -)* 8,-:( 

*7)-'2%0 2) +,( 12+< F( 12)* +,-+6 /(:-/*4(00 &1 3,(+,(/ "6 #6 &/ ! 20 -00.'(* +& *(8()* &) +,( %(44c0 :/&3+, /-+(6 

'&*(4 8/(*2%+2&)0 %4&0(47 %-8+./( +,( 8,-:( *-+- GFig. 3e6 -)* NEW Supplementary Figs. 7d-f6 /(8/&*.%(* 2) 

T&2)+ " -?&9(J< =,.06 +,( .)%(/+-2)+7 2) '&*(4 0+/.%+./( -)* 8-/-'(+(/0 *&(0 )&+ *2'2)20, 2+0 8/(*2%+29( 8&3(/ 

G3,2%,6 -0 )&+(* -?&9(6 '2//&/0 +,( 8(/1&/'-)%( &1 &+,(/ 0&5%-44(* #04&887 '&*(40E 2) 070+('0 ?2&4&:71J< 

4. Model interpretability. Q)-47A2): 2)1(%+2&) 2) '2)2'-4 '(*2- GBI>4.6 BIB-4J6 3,() 3( 84&++(* +,( BRBR5

0-'84(* 8-/-'(+(/0 2) +,( 08-%( &1 ()*+,- " , )*+,- # , !-6 3( )&+2%(* +,-+ +,(7 42( -88/&K2'-+(47 2) - 02):4( 84-)(6  

*(0%/2?(* ?7 ! ' ./ 0 1)*+,- " 2 )*+,-#3 .2 .4 GNEW Supplementary Figs. 10e-f6 /(8/&*.%(* ?(4&36 42)(0 """5

""C -)* Supplementary Methods, Section 6.7J< =,20 2)*2%-+(* +,-+ +,( +,/(( 8-/-'(+(/0 3(/( %&)0+/-2)(* 

?(7&)* +,(2/ 2)*292*.-4 .)%(/+-2)+2(0< B&+29-+(* ?7 +,20 &?0(/9-+2&)6 3( *(12)(* +,( 8-/-'(+(/ & '
!"#

$%&'(")*+.
6 

3,2%, *(0%/2?(0 +,( /(4-+29( :/&3+, /-+( &1 +,( 92/-4 8&8.4-+2&) GSupplementary Methods, Section 6.7J< =,( 

8-/-'(+(/ 5*6 3,2%, 20 2)1(//(* 1/&' +,( 84-)( &1 %&)0(/9(* 8-/-'(+(/06 20 1&.)* +& ?( &1 +,( 0-'( &/*(/ &1 

'-:)2+.*( -0 +,( '-K2'-4 ?-%+(/2-4 :/&3+, /-+( 2) +,( (K8(/2'()+ GSupplementary Methods, Section 6.7J< Q0 

(K8(%+(*6 &  (K,2?2+0 4&3(/ .)%(/+-2)+7 GRdJ +,-) '&0+ &1 +,( 2)*292*.-4 2)1(%+2&) 8-/-'(+(/0 GNEW 

Supplementary Figs. 10i-j6 /(8/&*.%(* ?(4&3J< F,24( 1./+,(/ +,(&/(+2%-4 2)9(0+2:-+2&) 20 )((*(* +& *(/29( +,( 

:/&3+, /-+( &1 8,-:(0 G2) -)-4&:7 +& +,( -88/&-%, .0(* 1&/ %,('&0+-+ :/&3+, 2) /(10< 3,4J6 +,( -)-47020 -?&9( 

)(9(/+,(4(00 0.::(0+0 +,-+ &./ '&*(4 12++2): 8/&92*(0 /&?.0+ 2)1(/()%( &1 -) 2)+(/8/(+-?4( 2)1(%+2&) 8-/-'(+(/< 

F,() -)-47A2): 2)1(%+2&) 2) \]B6 3( 1&.)* +,-+ +,( *(8()*()%( &1 & &) +,( )&/'-42A(* 2)0+-)+-)(&.0 :/&3+, 

/-+(6 -0 8/(*2%+(* ?7 +,( +,/(( '&*(40 3,(/( "6 #6 &/ ! %,-):(0 32+, +,( :/&3+, /-+(6 /(14(%+(* - 02'24-/ +/()* 

-%/&00 '&*(40 GNEW Fig. 3f6 /(8/&*.%(* ?(4&3J< V./+,(/'&/(6 -0 3( *20%.00 2) &./ /(08&)0( +& comments 

2.0-b -)* 2.3-b-ii ?(4&36 +,( &?0(/9(* +/()* -:/((0 32+, 8/(92&.0 /(8&/+0 2) =[ G/(10< 4,5J< =,.06 ,(/( +&& &

8/&92*(0 - '(-)0 &1 2)+(/8/(+2): +,( '&*(4 /(0.4+0 *(082+( +,( .)%(/+-2)+7 2) '&*(4 0+/.%+./( -)* 8-/-'(+(/0< 

=,(0( '-++(/0 -/( )&3 *20%.00(* 2) 42)(0 ""C5"H[ &1 +,( /(920(* +(K+< 

Supplementary Fig. 10: Modeling infection dynamics in minimal media.  
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HVI#!e-f"#M53++'.#@(%+#%)#456#" !=#456#" "#3,&###*,#R1=# )%.# *,)'5+*%,# *,# !e"#$T$3(#3,&# !f"#$TU(:7#$3.A'.6=# +/'#',6'4C('#%)#

@3.34'+'.6#%C+3*,'&#:6*,-#$B$B7#U.'2#6/3&*,-=#)*++'&#@(3,'<## % $7 8 9456#" ! . 456#"": $. $;=#F/'.'#<$ % 4= >* ?77#K%.#!e"#

$T$3(=#7#W# XX7Y#@$*AB=#;#W# >RX7Y$@#Y7R=#<$#W# S7SZ[#@$*A**>$4*,-17# K%.# !f"# $TU(:=#7#W# \Z7S#@$Y7]=#;#W# S7S[#@$0ABC=#<$#W#

S7SRZ#@#S7SSY#4*,-17##

!g-h"#8/'#&*6+.*C:+*%,#%)#D#)%.#*,)'5+*%,#*,#!g"#$T$3(#3,&#!h"#$TU(:7

Fig. 3: A mathematical model captures the growth dynamics of phages and bacteria and allows inference of infection 

parameters. 

H777I !f" 8/'#&'@',&',5'#%)#+/'#.'(3+*D'#-.%F+/#.3+'#%)#+/'#D*.3(#@%@:(3+*%,#!D"#%,#+/'#.'(3+*D'#-.%F+/#.3+'#%)#+/'#/%6+#5'((6#!1"7#

B%(%.'&#43.A'.6=#@.'&*5+*%,6#%)#+/'#C'6+>)*+#4%&'(O#6/3&*,-=#@.'&*5+*%,6#C2#+/'#',6'4C('#%)#@3.34'+'.67

#[2.0-b] B7 &+,(/ 1.)*-'()+-4 %&)%(/) 20 ,&3 +,( :/&3+, /-+( *(8()*()%( &1 8-/-'(+(/0 20 2)1(//(*< =,( 

(K8(/2'()+0 -/( *&)( .)*(/ +,( %&)*2+2&) +,-+ +,( :/&3+, /-+( 20 %&)+2).&.047 %,-):2):6 -)* +,( -.+,&/0 84&+ 

- %&//(4-+2&) ?(+3(() +,( 2)0+-)+-)(&.0 :/&3+, /-+( -+ - 08(%212% +2'( 8&2)+ -)* +,( 2)1(//(* 8-/-'(+(/< =,20 

20 &)47 - %&//(4-+2&)6 -)* +,-+ *&(0 )&+ '(-) +,-+ +,( 2)0+-)+-)(&.0 :/&3+, /-+( *(+(/'2)(0 +,( 8,-:( 

8-/-'(+(/< N&3(9(/6 +,( '-).0%/28+ *&(0 )&+ *20+2):.20, ?(+3(() %&//(4-+2&) -)* %-.0-42+7<E 

F( %(*( +,( 8&2)+< V2/0+6 +& ?/2(147 /(2+(/-+( 1/&' comment 2.0-a -?&9(6 &./ -)-47020 &1 2)1(%+2&) 2) /2%, '(*2.' 

G\]BJ 2)*2%-+(0 +,-+ - *(8()*()%( &1 2)1(%+2&) 8-/-'(+(/0 &) :/&3+, /-+( 20 /(;.2/(* 1&/ /(8/&*.%2): +,( 

(K8(/2'()+-4 *-+-< =,( 2)1(/()%( 8/&%(00 4(-9(0 .)/(0&49(* +,/&.:, 3,2%, 08(%212% 8-/-'(+(/ G", #6 !J +,( 

*(8()*()%( -/20(06 ?.+ +,( %&-/0( :/-2)(* 8-/-'(+(/ & '
!"#

$%&'(")$+
6 %-8+./2): +,( /(4-+29( :/&3+, /-+( &1 +,( 92/-4 

8&8.4-+2&) GSupplementary Methods, Section 6.7J6 20 1&.)* +& (K,2?2+ - 02'24-/ *(8()*()%( &) :/&3+, /-+( 

)&+32+,0+-)*2): +,( 08(%212% '&*(4 9-/2-)+ %,&0()<  

=,( 2)1(//(* *(8()*()%( &1 4-'?*- 2)1(%+2&) 8-/-'(+(/0 &) +,( %(44c0 :/&3+, /-+( 20 %&)020+()+ 32+, (K8(/2'()+-4 

/(8&/+0 2) &+,(/ 8,-:(04–66 2)%4.*2): +,( +3& =[ 0+.*2(0 ,2:,42:,+(* ?7 +,( /(92(3(/ 2) comment 2.3-b-ii ?(4&36 

?&+, &1 3,2%, '&*.4-+(* +,( :/&3+, /-+( *2/(%+47 G.02): %,('&0+-+ :/&3+, 2) \] 2) &)( %-0(46 ?-+%, %.4+./( 2) 

*211(/()+ %-/?&)0 0&./%(0 2) +,( &+,(/5J< F,() '-88(* +& +,( 0-'( &?0(/9-?4(Z+,( 8,-:( 8&8.4-+2&) :/&3+, 

/-+(6 &Z+,( *-+- 1/&' ?&+, 0+.*2(0 2)*2%-+(0 -) 2)%/(-02): +/()* &1 +,20 8-/-'(+(/ 32+, :/&3+, /-+( GNEW

Supplementary Fig. 116 /(8/&*.%(* ?(4&3J6 /('2)20%()+ &1 +,( +/()* 3( &?0(/9(* GNEW Fig. 3f6 /(8/&*.%(* 2) 

comment 2.0-a -?&9(J< =,20 02'24-/2+7 2) 12)*2):0 '-@(0 2+ 84-.02?4( +,-+6 2) &./ %-0( +&&6 2+ 20 +,( :/&3+, /-+( 

+,-+ '&*.4-+(0 2)1(%+2&) 8-/-'(+(/0< 
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$+ 20 )(9(/+,(4(00 +/.( +,-+6 2) &./ (K8(/2'()+06 3( %-))&+ *(42)(-+( +,( 2'8-%+ &1 2)0+-)+-)(&.0 :/&3+, /-+( 1/&' 

- 8&002?4( *(8()*()%( &) +,( :/&3+, ,20+&/7 &1 +,( %.4+./(< W.%, - *(8()*()%( %-) %&)%(29-?47 %&'( -?&.+ 

+,/&.:,6 (<:<6 +,( /(02*.-4 -%+292+7 &1 '(+-?&42% 8-+,3-70 .0(* ?7 +,( %(440 2) /(08&)0( +& 8/(92&.0 ).+/2()+ 

0.?0+/-+(076 &/ +,( -%%.'.4-+2&) &1 0(%/(+(* 02:)-42): '&4(%.4(0 -)* '(+-?&42+(08–106 3,2%, '-7 %,-):( +,( 

%,('2%-4 8/&8(/+2(0 &1 +,( :/&3+, '(*2.' &9(/ +2'(11,12< L./ 2)-?242+7 +& (K%4.*( +,(0( 0%()-/2&0 20 -) 2'8&/+-)+ 

%-9(-+6 3,2%, 3( )&3 *20%.00 2) 42)(0 H"b5HH"< W2'24-/ %&)02*(/-+2&)0 -40& 8(/+-2) +& +,( /(4-+2&) ?(+3(() :/&3+, 

/-+( -)* +,( 8/&8()02+7 +& ()+(/ -)* (K2+ 470&:()76 *20%.00(* 2) &./ 2) /(08&)0( +& comment 2.5-a ?(4&3<

Supplementary Fig. 11: The relative growth rate of phage T4. 

8/'#.'(3+*D'#-.%F+/#.3+'#%)#D*.3(#@%@:(3+*%,#!R"#)%.#@/3-'#8X#36#3#):,5+*%,#%)#C35+'.*3(#-.%F+/#.3+'=#53(5:(3+'&#).%4#+/'#&3+3#

.'@%.+'&# *,#^3C'.-%P#et al74# !C(:'"# 3,&#_3&36#et al.5# !%.3,-'"7#8/'#&3+3# 3,3(26*6#@.%5'&:.'# *6#&'65.*C'&# *,#Supplementary#

Methods, Section 6.77

#$ *& ?(42(9( 2) +,( .0(1.4)(00 &1 02'84( '-+,('-+2%-4 '&*(406 ?.+ 2+ 20 -40& 2'8&/+-)+ +& @)&3 +,( 42'2+< $) +,20 

3&/@6 2+ -88(-/0 +,-+ +,( '&*(4 -)* 12+0 -/( .0(* ?(7&)* +,(2/ 42'2+< 

](4&3 $ *(+-24 '7 %/2+2%20'0< 

[2.1] =,( '-2) 12)*2): 20 +,-+ 47020 LM 20 8/&8&/+2&)-4 +& +,( 4&:-/2+,' &1 +,( 2)2+2-4 8,-:( %&)%()+/-+2&)6 -)* 

?7 '(-0./2): 47020 LM ?7 .02): - 84-+( /(-*(/6 &)( %-) 2)1(/ +,( 8,-:( %&)%()+/-+2&) 32+,&.+ 8(/1&/'2): +,( 

%4-002%-4 84-;.( (K8(/2'()+0< =,20 20 - 9(/7 )2%( 12)*2): -)* -) (112%2()+ '(+,&* &1 @)&32): +,( &/*(/ &1 

'-:)2+.*( &1 +,( 8,-:( %&)%()+/-+2&)< N&3(9(/6 +,( 8/(%202&) 20 /-+,(/ 42'2+(* 02)%( +,( %&//(08&)*()%( 20 

&)47 - 4&:-/2+,'< Q 0'-44 (//&/ 2) LM '(-0./('()+ 3244 :29( - 9(/7 4-/:( (//&/ 2) +,( /(-*&.+ &1 +,( 8,-:( 

%&)%()+/-+2&)< N&3(9(/6 +,( -.+,&/0 *& )&+ *20%.00 +,( 8/(%202&) &1 +,( 8/&8&0(* '(+,&*6 3,2%, 20 - 9(/7 

2'8&/+-)+ 8&2)+ 21 +,20 '(+,&* 3(/( +& ?( .0(* +& ;.-)+217 8,-:( %&)%()+/-+2&)< F,-+ 20 +,( (K8(%+(* (//&/ ?-/ 

21 &)( '(-0./(0 +,( 47020 LM &)47 &)%( -)* /(-*0 +,( 8,-:( %&)%()+/-+2&) &.+e M&(0 2+ ,(48 +& *& '-)7 

8-/-44(4 LM %./9(0 -)* '(-0./( 47020 LM 32+, - 0'-44(/ (//&/ ?-/e F,-+ 8(/%()+-:( &1 *211(/()%( 2) 8,-:( 

%&)%()+/-+2&) %-) +,( '(+,&* *(+(%+eE 

$) +,( &/2:2)-4 '-).0%/28+6 &./ -)-47020 &1 +,( -%%./-%7 -)* 8/(%202&) &1 LM5?-0(* 8,-:( '(-0./('()+0 3-0 

.)1&/+.)-+(47 ?./2(* 2) +,( 0.884('()+-/7 '-+(/2-4< $) -**2+2&) +& '&92): +,( 2)1&/'-+2&) +& +,( '-2) +(K+ G42)(0 

[a5C[ -)* Figs. 2b-dJ6 3( ,-9( )&3 /(920(* -)* (K8-)*(* +,( -)-47020 -0 *(+-24(* ?(4&3<  

V2/0+6 /(:-/*2): +,( 4&:-/2+,'2% 0()02+292+7 &1 +,( '(+,&*6 2+ 20 +/.( +,-+ +,( '(-0./('()+ 20 4&:-/2+,'2% 2) )-+./(6 

2) +,-+ +,( '(-0./(* 1(-+./( G47020 LMJ /(14(%+0 +,( 4&: &1 +,( %&)%()+/-+2&)< $) &./ 92(36 ,&3(9(/6 +,20 20 -) 

-*9-)+-:( /-+,(/ +,-) - 0,&/+%&'2):S F,() .02): +/-*2+2&)-4 84-;.( %&.)+2): +& ;.-)+217 -) .)@)&3) 8,-:( 
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0-'84(6 &)( ,-0 +& 84-+( 0(/2-4 *24.+2&)0 &1 +,( 0-'84( +& -//29( -+ - %&.)+-?4( ).'?(/ &1 84-;.(0 8(/ 84-+(13–15< 

=,20 0(/2-4 *24.+2&) 20 - ?&++4()(%@ 2) +,( ;.-)+212%-+2&) &1 .)@)&3) 0-'84(06 &)( +,-+ &./ -88/&-%, &9(/%&'(0 

?7 &11(/2): - *7)-'2% /-):( &1 '.4+284( *(%-*(0S ^I 1&/ 4-'?*- 2) \]B6 C_I 1&/ &+,(/ 8,-:(0 -)* &+,(/ :/&3+, 

'(*2-< V./+,(/'&/(6 -0 3( *(0%/2?( ?(4&36 +,( 4&:-/2+,'2% 0()02+292+7 *&(0 )&+ 2'847 +,-+ +,( %&.)+2): -%%./-%7 

20 42'2+(* +& -) &/*(/ &1 '-:)2+.*(< !-+,(/6 +,( +782%-4 -%%./-%7 20 ̂ H 1&4*6 -)* ?(++(/ +,-) ̂ [ 1&4* -%/&00 *211(/()+ 

8,-:( 08(%2(0 -)* %&)%()+/-+2&)0< $1 ,2:,(/ -%%./-%7 20 )((*(*6 &)( %-) 8&+()+2-447 %&'?2)( +,( +3& 8,-:(5

%&.)+2): -88/&-%,(06 12/0+ .02): +,( LM5?-0(* '(+,&* +& 2)1(/ +,( 4&: %&)%()+/-+2&)6 +,() .+242A2): +,( /(;.2/(* 

*24.+2&) 1&/ 84-;.( %&.)+2):< =,(0( 8&2)+0 -/( )&3 *20%.00(* 2) 42)(0 HDa5H"H< 

=& 2'8/&9( +,( (9-4.-+2&) &1 -%%./-%7 -)* 8/(%202&) &1 &./ '(+,&*6 3( )&3 8/(0()+ +,( '(-0./('()+0 &1 8,-:( 

%&)%()+/-+2&)0 2) 0-'84(0 &1 1&./ *211(/()+ 8,-:(06 Gfts6 fwt6 =C6 -)* T"virJ6 (-%, 8,-:( -+ +,/(( *211(/()+ 

%&)%()+/-+2&)06 8(/1&/'(* .02): ?&+, +,( LM5?-0(* 8/&+&%&4 -)* 0+-)*-/* 84-;.( -00-7 GNEW Fig. 2b6 

/(8/&*.%(* ?(4&3J< =,( (K8(/2'()+ 3-0 - 02):4(5?42)* +(0+6 3,(/( &)( 8(/0&) 8/(8-/(* +,( 0-'84(0 -)* 

8(/1&/'(* +,( 84-;.( -00-76 -)* -)&+,(/ 8(/0&) 8(/1&/'(* +,( LM5?-0(* '(-0./('()+0< g02): - 02):4( 42)(-/ 

%-42?/-+2&) %./9( 8(/ 8,-:(6 3( 1&.)* +,-+ +,( 9-4.(0 &?+-2)(* 1/&' +,( LM '(+,&* -/( +782%-447 32+,2) +3&51&4* 

&1 +,&0( &?+-2)(* 92- 84-+2):6 -)* -+ 3&/0( 32+,2) 1&./51&4* GNEW Fig. 2c6 /(8/&*.%(* ?(4&3J< Q0 1&/ +,( 8/(%202&)6 

3( .0(* +,( 9-4.(0 &?+-2)(* 1/&' +3& /(-*2): /(842%-+(0 &1 +,( 84-+(5/(-*(/ -00-7 +& %-4%.4-+( +,( %&(112%2()+ &1 

9-/2-+2&) GRdJ< =,( +782%-4 Rd 20 ^H6 32+, ,2:,(/ Rd 9-4.(0 &?0(/9(* -+ 4&3(/ 8,-:( %&)%()+/-+2&)0 GNEW Fig< 

2d6 /(8/&*.%(* ?(4&3J< ]&+, +,( -%%./-%7 -)* 8/(%202&) %-) ?( '&*(/-+(47 2'8/&9(* ?7 2)+(/8&4-+2): ?(+3(() 

-*h-%()+ %-42?/-+2&) 8&2)+0 /-+,(/ +,-) .02): - 02):4( 42)( GNEW Supplementary Fig. 46 /(8/&*.%(* ?(4&3J< 

=,(/(1&/(6 .02): 0(9(/-4 %.4+./( /(842%-+(06 +,( LM5?-0(* '(+,&* %-) /(42-?47 *20+2):.20, .)@)&3) 0-'84(0 

,-92): -) -88/&K2'-+(47 +3&51&4* *211(/()%( 2) 8,-:( %&)%()+/-+2&)< =,( -)-47020 -?&9( 20 )&3 *20%.00(* 2) 

42)(0 [a5C[ -)* Supplementary Methods, Section 4.5<

Fig. 2: The optical density (OD) at which massive lysis begins is used to measure the initial phage concentration. 

HVI#!b" B%4@3.*6%,#%)#@/3-'#5%,5',+.3+*%,6#4'36:.'&#:6*,-#+/'#01>C36'&#4'+/%&#3,&#+.3&*+*%,3(#@(3L:'#366327#M34@('6#%)#

`ts=#`wt=#8Z=#3,&#GYvir#!-.'',=#.'&=#C(:'=#3,&#@:.@('=#.'6@'5+*D'(2"=#'35/#@/3-'#3+#+/.''#&*))'.',+#5%,5',+.3+*%,6=#F'.'#',:4'.3+'&#

:6*,-#+/'#+F%#4'+/%&67#$3.A'.6=#4'3,O#'..%.#C3.6=#MN$#).%4#E#W#[#5:(+:.'#.'@(*53+'67#Q(35A#(*,'=#F % G7#a'((%F#6/3&*,-=#)%(&#

5/3,-'#H#[#).%4#+/'#C(35A#(*,'7#

!c"#8/'#355:.352#%)#01>C36'&#@/3-'#5%:,+*,-7#8/'#)%(&#5/3,-'#C'+F'',#+/'#@/3-'#5%,5',+.3+*%,6#4'36:.'&#:6*,-#+/'#01>C36'&#

4'+/%&#3,&#+/'#@(3L:'#36632=#53(5:(3+'&#:6*,-#+/'#&3+3#*,#G3,'(#b=#*6#@(%++'&7#$3.A'.6=#4'3,O#'..%.#C3.6=#MN$#).%4#E#W#[#5:(+:.'#

.'@(*53+'67#a'((%F#6/3&*,-=#)%(&#5/3,-'#H#[7#

!d" 8/'#@.'5*6*%,#%)#01>C36'&#@/3-'#5%:,+*,-7#8/'#5%'))*5*',+#%)#D3.*3+*%,#!Bb"#C'+F'',#+/'#5:(+:.'#.'@(*53+'6#!E#W#["#)%.#'35/#

634@('#*6#@(%++'&7
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Supplementary Fig. 4: Accuracy and precision of OD-based counting when interpolating between adjacent calibration 

points.  

!a-d"#B3(*C.3+*%,#5:.D'6#)%.#!a"#`ts=#!b"#`wt=#!c"#8Z=#3,&#!d"#GYvir7#$3.A'.6=#&3+37#G*,A#(*,'6=#(*,'3.#53(*C.3+*%,#5:.D'6#!:6'&#*,#

53(5:(3+*,-#+/'#&3+3#6/%F,#*,#Figs. 2c-e"7#Q(:'#(*,'6=#*,+'.@%(3+*%,#C'+F'',#3&P35',+#53(*C.3+*%,#@%*,+6#!:6'&#*,#53(5:(3+*,-#+/'#

&3+3#6/%F,#*,#@3,'(6#'>-#C'(%F"7##

!e"#B%4@3.*6%,#%)#@/3-'#5%,5',+.3+*%,6#4'36:.'&#:6*,-#+/'#01>C36'&#4'+/%&#3,&#+.3&*+*%,3(#@(3L:'#366327#M34@('6#%)#`ts=#`wt=#

8Z=#3,&#GYvir#!-.'',=#.'&=#C(:'=#3,&#@:.@('=#.'6@'5+*D'(2"=#'35/#@/3-'#3+#+/.''#&*))'.',+#5%,5',+.3+*%,6=#F'.'#',:4'.3+'&#:6*,-#

+/'#+F%#4'+/%&67#$3.A'.6=#4'3,O#'..%.#C3.6=#MN$#).%4#E#W#[#5:(+:.'#.'@(*53+'67#Q(35A#(*,'=#F % G7#a'((%F#6/3&*,-=#)%(&#5/3,-'#

H#[#).%4#+/'#C(35A#(*,'7##

!f"#8/'#355:.352#%)#01>C36'&#@/3-'#5%:,+*,-7#8/'#)%(&#5/3,-'#C'+F'',#+/'#@/3-'#5%,5',+.3+*%,6#4'36:.'&#:6*,-#+/'#01>C36'&#

4'+/%&#3,&#+/'#@(3L:'#36632=#53(5:(3+'&#:6*,-#+/'#&3+3#*,#@3,'(#C=#*6#@(%++'&7#$3.A'.6=#4'3,O#'..%.#C3.6=#MN$#).%4#E#W#[#5:(+:.'#

.'@(*53+'67#a'((%F#6/3&*,-=#)%(&#5/3,-'#H#[7##

!g"#8/'#@.'5*6*%,#%)#01>C36'&#@/3-'#5%:,+*,-7#8/'#5%'))*5*',+#%)#D3.*3+*%,#!Bb"#C'+F'',#+/'#5:(+:.'#.'@(*53+'6#!E#W#["#)%.#3#

-*D',#634@('#*6#@(%++'&7

#[2.2] =,( '&*(4 20 ?-0(* 2) +,( %(44 ).'?(/ %&)%()+/-+2&)6 -)* +,( -.+,&/0 0(('0 +& -00.'( +,( %&)9(/02&) 

1-%+&/ +,-+ LM " 20 "DiI RVgj'4 GW.844< B-+(/2-4 a<"J 32+,&.+ (K8(/2'()+-447 %,(%@2): 2+< N&3(9(/6 2+ 20 3(44 

@)&3) +,-+ %(44 02A( %,-):(0 .8&) :/&3+,6 (08(%2-447 %4&0( +& +,( ()+/&87 +& +,( 0+-+2&)-/7 8,-0(6 -)* -40& 

*(8()*2): &) +,( :/&3+, '(*2- G1-0+(/ :/&3+, :29(0 ?2::(/ %(440 ,()%(6 +,( 0-'( LM '(-)0 4(00 ).'?(/ &1 

%(440 8(/ '\J< =,20 %-) -11(%+ +,( 12++2): -)*6 ,()%(6 +,( 2)1(//(* 8-/-'(+(/0 1&/ 0&'( 1-%+&/0<E 

$) +,( &/2:2)-4 '-).0%/28+6 3( %,&0( +& 2:)&/( +,( )&)5%&)0+-)%7 &1 LM5+&5).'?(/ %&)9(/02&) 2) -) (11&/+ +& 

02'84217 +,( '&*(4< $) /(08&)0( +& +,( /(92(3(/P0 %&''()+6 3( )&3 %&)02*(/ +,20 (11(%+< W8(%212%-4476 1&/ 2)1(%+2&) 

-)* 2)*.%+2&) 2) \]5?-0(* '(*2-6 3( )&3 *(0%/2?( +,( '&4-/ -?0&/8+292+7 &1 +,( %(44 G6J6 3,2%, %,-):(0 32+, 2+0 

02A(16 -)* ,()%( 32+, +,( :/&3+, /-+(17< !(%-44 +,-+ 2) &./ '&*(46 +,( :/&3+, /-+( 20 - 1.)%+2&) &1 +,( ).+/2()+ 

%&)%()+/-+2&) 7< F( +,(/(1&/( %,&0( +& *(0%/2?( 6 +&& -0 - 1.)%+2&) &1 7< ]/2(1476 3( 8-/-'(+(/2A(* 6 -0 - 

1.)%+2&) &1 LM .02): +,( *-+- &1 W(A&)&9 et al.17 GNEW Supplementary Fig. 5a6 /(8/&*.%(* ?(4&3J6 -)* .0(* 

+,( %./9( +& %&)9(/+ +,( LM 90< +2'( *-+- 1/&' .)2)1(%+(* %(44 %.4+./(0 +& %(44 *()02+7 90< +2'( GNEW 
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Supplementary Fig. 5b6 /(8/&*.%(* ?(4&3J< =,( 4-++(/ 3-0 2) +./) .0(* +& 8-/-'(+(/2A( %(44 :/&3+, .02): &./ 

'.4+258,-0( :/&3+, '&*(4< ]7 %&'?2)2): +,( ).+/2()+ 8/&124( -+ *211(/()+ %(44 *()02+2(0 G&?+-2)(* 1/&' +,( '&*(46 

NEW Supplementary Fig. 5bJ -)* +,( 6 9-4.(0 -+ +,( /(08(%+29( *()02+2(06 3( &?+-2)(* - /(4-+2&) ?(+3(() 6

-)* 7 GNEW Supplementary Fig. 5c6 /(8/&*.%(* ?(4&3J< =,20 /(4-+2&) 3-0 +,() .0(* +& %&)9(/+ +,( '&*(45

8/(*2%+(* %(44 *()02+2(0 +& 8/(*2%+(* LM6 -)* +& 12+ +,( (K8(/2'()+-447 '(-0./(* LM< =,20 8/&%(*./( 20 *(0%/2?(* 

2) 42)(0 bH5b[6 42)(0 U[5UU6 -)* Supplementary Methods, Section 6.2< F( )&+( +,-+ 2) '2)2'-4 '(*2- GBI>4.6 

BIB-4J6 %(44 :/&3+, +&&@ 84-%( -+ -) -88/&K2'-+(47 %&)0+-)+ :/&3+, /-+( .8 +& '-0029( 470206 2//(08(%+29( &1 +,( 

2)2+2-4 8,-:( %&)%()+/-+2&) GSupplementary Figs. 3h-iJ< $) 42:,+ &1 +,-+6 3( '-2)+-2)(* +,( (-/42(/ 02'842172): 

-00.'8+2&) &1 - %&)0+-)+ LM5+&5).'?(/ %&)9(/02&)< 

Supplementary Fig. 5: Parameterization of the cell density-to-OD conversion.  

!a"#$366#@'.#5'((#36#3#):,5+*%,#%)#01spec=#3&3@+'&#).%4#M'E%,%D#et al.17=#F/'.'#4366#@'.#5'((#*6#&')*,'&#36#+/'#.3+*%#%)#01spec#+%#

+/'#5'((#5%,5',+.3+*%,=#4:(+*@(*'&#C2#YS97##

!b"#J#4%&'(#&'65.*C*,-#,:+.*',+>&'@',&',+#-.%F+/#!C(35A"#53@+:.'6#+/'#5'((#&',6*+2#&2,34*56#%)#:,*,)'5+'&#5:(+:.'6#!-.32"O#-%(&=#

+/'#*,)'..'&#+*4'>&'@',&',+#,:+.*',+#3C:,&3,5'7##

!c"#J#@%(2,%4*3(#)*+#!-%(&"#53@+:.'6#+/'#.'(3+*D'#3C6%.@+*D*+2#36#3#):,5+*%,#%)#,:+.*',+#5%,5',+.3+*%,#!C(35A"7#8/'#&3+3#3,3(26*6#

@.%5'&:.'#*6#&'65.*C'&#*,#Supplementary Methods, Section 6.27#

#[2.3] $) 12:./( H6 +,( -.+,&/0 +/2(* +& 2)1(/ +,( 4-+()+ 8(/2&*6 ?./0+ 02A(6 -)* +,( /-+( %&)0+-)+ 1&/ 8,-:(j%(44 

()%&.)+(/ ?7 12++2): +,( '&*(4 +& LM -)* 8,-:( %&)%()+/-+2&) %./9(< 

[2.3-a] =,(/( 20 - 1.)*-'()+-4 ;.(0+2&) 21 +,( 2)1(%+(* %(440 2) +,( 4-+()+ 8(/2&* %&)+/2?.+( +& +,( LM 2) +,( 

0-'( 3-7 -0 .)2)1(%+(* %(440< =,( 4-0+ -.+,&/ 8/(92&.047 0,&3(* 2'8/(0029( '&92(0 &1 %(440 2)1(%+(* ?7 

4-'?*- :&2): +,/&.:, +,( 47020 8/&%(00 G>&4*2): $< W2):4(5%(44 0+.*2(0 &1 8,-:( fS ,2**() +/(-0./(0 .)*(/ 

L%%-'P0 /.:< Q)).-4 !(92(3 &1 d2/&4&:7< HD"a W(8 HIOYS[CY5bH<J6 -)* +,&0( (K-'84(0 %(440 -/( %4(-/47 

02:)212%-)+47 4&):(/ +,-) +782%-4 .)2)1(%+(* X< %&42 ?(1&/( +,( ?./0+< =,( %.//()+ '&*(4 -00.'(0 +,-+ &)( 

2)1(%+(* %(44 /(8/(0()+0 +,( 0-'( LM -0 &)( 2)1(%+(* %(446 ?.+ +,20 %-) ?( 3/&): 21 +,( %(44 02A( 20 02:)212%-)+47 

*211(/()+6 -)* +,-+ %-) -11(%+ +,( 2)1(/()%( &1 +,( 8-/-'(+(/<E

Q0 2) +,( %-0( &1 comment 2.2 -?&9(6 3( &/2:2)-447 2:)&/(* +,20 1(-+./( 1&/ +,( 0-@( &1 8-/02'&)7< V&44&32): +,( 

/(92(3(/c0 %&''()+6 3( +(0+(* 3,(+,(/ +,( 2)%/(-0(* %&)+/2?.+2&) +& LM ?7 2)1(%+(* %(440 3&.4* -11(%+ +,( '&*(4 

2)1(/()%(< =& *& 0&6 3( .0(* +,( *-+- 2) /(1< 166 3,(/( +,( '&4-/ -?0&/8+292+7 G6J &1 -'82%2442)5+/(-+(* E. coli %(440 

G^YD 8' 4&):J 3-0 /(8&/+(* +& ?( Y51&4* +,-+ &1 (K8&)()+2-447 :/&32): %(440< F( .0(* +,20 Y51&4* 1-%+&/ 2) &./ 

'&*(4 -0 +,( .88(/ ?&.)* 1&/ +,( %,-):( 2) '&4-/ -?0&/8+292+7 &1 2)1(%+(* %(440 G0(( Supplementary Methods, 

Section 6.9J< R&)02*(/2): +,( '&*(4 9(/02&) 3,(/( " %,-):(0 32+, :/&3+, /-+(6 3( 1&.)* +,-+ 2)%&/8&/-+2): +,20 

1(-+./( 4(* +& - '&*(0+ ^H 1&4* %,-):( 2) +,( 2)1(//(* 9-4.(0 &1 " -)* #6 -)* )& %,-):( 2) !6 %&'8-/(* +& +,( 

&/2:2)-4 '&*(4 3,(/( 2)1(%+(* -)* .)2)1(%+(* %(440 ,-9( +,( 0-'( '&4-/ -?0&/8+292+7 GNEW Supplementary Fig. 
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20c6 /(8/&*.%(* ?(4&3J< V./+,(/'&/(6 +,( 2)1(//(* 9-4.( &1 +,( /(4-+29( :/&3+, /-+( &1 +,( 92/-4 8&8.4-+2&)6 &6 3-0 

-4'&0+ .)%,-):(* GNEW Supplementary Fig. 20d6 /(8/&*.%(* ?(4&3J6 -)* +,( ;.-42+7 &1 12++2): +,( LM 

*7)-'2%06 -)* &1 8/(*2%+2): 8,-:( *7)-'2%06 3(/( )&+ 2'8/&9(* GNEW Supplementary Figs. 20a-b6 

/(8/&*.%(* ?(4&3J< R&)0(;.()+476 3( *(%2*(* )&+ +& 2)%&/8&/-+( -)7 %,-):( 2) -?0&/8+292+7 &1 2)1(%+(* %(440< 

=,20 %,&2%( 20 )&3 0+-+(* 2) 42)(0 bI5UH -)* Supplementary Methods, Section 6.9<

Supplementary Fig. 20: Modeling the increased length of infected cells. 

!a"#$%&'(#)*++*,-#)%.#+/'#01#&2,34*56#:6*,-#+/'#9!>4%&'(;=#366:4*,-#+/'#4%(3.#3C6%.@+*D*+2#!I"#%)#*,)'5+'&#5'((6#*6#+/.''>)%(&#

%)#+/'#:,*,)'5+'&#5'((67#B%(%.'&#43.A'.6=#&3+3#).%4#*,)'5+*%,#3+#&*))'.',+#*,*+*3(#@/3-'#5%,5',+.3+*%,67#B%(%.'&#(*,'6=#C'6+#)*+#%)#

+/'#4%&'(7#B%(%.'&#6/3&*,-=#)*+6#C2#+/'#',6'4C('#%)#@3.34'+'.6#%C+3*,'&#:6*,-#$3.A%D#5/3*,#$%,+'#B3.(%#!$B$B"7#?,6'+=#)*++'&#

!#36#3#):,5+*%,#%)#,%.43(*E'&#*,6+3,+3,'%:6#-.%F+/#.3+'#-7##

!b"#G.'&*5+*%,#%)#+/'#@/3-'#&2,34*567#B%(%.'&#43.A'.6=#&3+3#).%4#*,)'5+*%,#3+#&*))'.',+#*,*+*3(#@/3-'#5%,5',+.3+*%,67#B%(%.'&#

(*,'6=#4%&'(#@.'&*5+*%,6#).%4#+/'#C'6+>)*+#@3.34'+'.67#M/3.'&#.'-*%,6=#4%&'(#@.'&*5+*%,6#).%4#+/'#',6'4C('#%)#@3.34'+'.67#8/'#

)*++*,-#3,&#@.'&*5+*%,#@.%5'&:.'6#3.'#&'65.*C'&#*,#Supplementary Methods, Section 6.97##

!c"#8/'#&*6+.*C:+*%,#%)#@3.34'+'.#D3(:'6=#F/',#+/'#4%(3.#3C6%.@+*D*+2#%)#*,)'5+'&#5'((6#*6#+/'#634'#36#+/3+#%)#+/'#:,*,)'5+'&#5'((6#

!C(:'"#%.#+/.'')%(&#%)#+/'#:,*,)'5+'&#5'((6#!%.3,-'"7##

!d"#8/'#&*6+.*C:+*%,#%)#+/'#.'(3+*D'#-.%F+/#.3+'#%)#D*.3(#@%@:(3+*%,#!D"#*,#+/'#+F%#4%&'(67

#[2.3-b] =& 2)1(/ +,( 4-+()+ 8(/2&*6 - '&*(4 3-0 12++(* +& +,( LM %./9( &1 8,-:(52)1(%+(* %.4+./(0 1/&' 2+0 

*(92-+2&) 1/&' +,( .)2)1(%+(* LM %./9( +& +,( %&44-80( .02): +,( '&*(4 8/(0()+(* 2) a<Y 2) +,( 0.884('()+-/7 

'-+(/2-4< $+ 20 .)%4(-/ ,&3 +,( 2)2+2-4 %&)*2+2&) 1&/ (;< Ga<CJ 3-0 0(+< $1 2+ 3-0 0(+ 0& +,-+ -44 8&8.4-+2&)0 -/( 2) $" 

-+ +,( 47020 LM6 +,() +,-+ 20 (;.29-4()+ +& -00.'2): +,-+ -44 +,( %(440 3(/( 2)1(%+(* -+ +,( 0+-/+ &1 +,( 12++2): 

02'.4+-)(&.047 G+,( 8(-@ &1 +,( LM %./9(J< $1 0&6 (9() 21 '7 %&)%(/) -J 3(/( )&+ 02:)212%-)+6 +,( 12+ 



!"C 

.)*(/(0+2'-+(0 +,( 4-+()+ 8(/2&*O 12+ 0+-/+0 3,() +,( 9202?4( 47020 0+-/+0 +& &%%./6 0& +,-+ '(-)0 - 02:)212%-)+ 

).'?(/ &1 %(440 3(/( 2)1(%+(* -+ 47020 8(-@ +2'2): '2).0 +,( 4-+()+ 8(/2&*<E  

=& -**/(00 +,20 %&)%(/)6 3( )&3 12+ -44 +,/(( 8-/-'(+(/0 G"6 #6 -)* !J 02'.4+-)(&.0476 .02): +,( ()+2/( :/&3+, 

%./9(< =,20 /('&9(0 +,( 2'842%2+ -00.'8+2&) &1 07)%,/&)2A(* 2)1(%+2&)< Q0 *(0%/2?(* 2) &./ /(08&)0( +& comment 

2.0-a -?&9(6 3( +(0+(* 0(9(/-4 '&*(4 9-/2-)+06 2) (-%, &1 3,2%, &)( &1 +,( 8-/-'(+(/0 20 - 42)(-/ 1.)%+2&) &1 +,( 

)&/'-42A(* 2)0+-)+-)(&.0 :/&3+, /-+(6 -)* +,( 04&8( -)* 2)+(/%(8+0 &1 +,-+ 42)(-/ 1.)%+2&) -/( 2)1(//(*< =,( )(3 

12++2): 8/&%(*./( 20 *(0%/2?(* 2) 42)(0 UI5"D" -)* Supplementary Methods, Sections 6.3-6.5< =,( /(920(* 12++2): 

/(0.4+0 -/( 0,&3) 2) NEW Fig. 3c -)* Supplementary Fig. 76 /(8/&*.%(* 2) comment 2.0-a -?&9(< 

#Q 1(3 '&/( %&)%(/)0 /(:-/*2): +,20 12+ -/(S 

[2.3-b-ik =,( -.+,&/0 '-@( - %&//(4-+2&) %./9( ?(+3(() +,( 2)0+-)+-)(&.0 :/&3+, /-+( -+ +,( 47020 LM -)* +,( 

2)1(//(* 4-+()+ 8(/2&*6 ?.+ -0 0+-+(* -?&9(6 +,( -%+.-4 2)1(%+2&) 0,&.4* ,-9( ,-88()(* &9(/ - 8(/2&* &1 +2'( 

3,(/( +,( :/&3+, /-+( 20 %&)+2).&.047 %,-):2):< ](%-.0( +,( ).+/2()+ *(%/(-0(0 &9(/ +2'( 2) :()(/-46 +,( 

4-+()+ 8(/2&* %-) 0+244 %&//(4-+( 32+, +,( :/&3+, /-+( -+ +,( 47020 LM6 ?.+ +,-+ *&(0 )&+ '(-) +,-+ +,( 

2)0+-)+-)(&.0 :/&3+, /-+( -+ +,-+ +2'( *(+(/'2)(0 +,( 4-+()+ 8(/2&*< N&3(9(/6 +,( -.+,&/0 -00.'( +,20 

%-.0-42+7 32+,&.+ *((8(/ %&)02*(/-+2&)<E 

 T4(-0( 0(( &./ /(08&)0( +& comment 2.0-b -?&9(<  

#[2.3-b-ii] =,( -.+,&/0 0+-+( +,-+ +,( 12++(* 9-4.( &1 +-. 2)%/(-0(0 32+, +,( *&.?42): +2'( -+ +,( '-0029( 47020 

-)* 0+-+( 2+ 20 =[ '(-0./('()+ 2) /(1< HH< N&3(9(/6 -)&+,(/ '(-0./('()+ &1 =[ 8-/-'(+(/0 2) 9-/2&.0 0+(-*75

0+-+( :/&3+, /(8&/+(* *211(/()+ +()*()%2(0 GN-*-0 N6 X2)-9 B6 V20,&9 $6 l-/2+0@7 Q< ]-%+(/2&8,-:( =[ 

*(9(4&8'()+ *(8()*0 &) +,( 8,702&4&:7 &1 2+0 ,&0+ X0%,(/2%,2- %&42< B2%/&?2&4&:7< "IIb m-)O"[YG"JS"bI5UC< S 

T-/-'(+(/ *(8()*()%( 20 0.''-/20(* 2) !-?2)&92+%, Q6 V20,&9 $6 N-*-0 N6 X2)-9 B6 l-/2+0@7 Q< 

]-%+(/2&8,-:( =[ *(9(4&8'()+ 2) X0%,(/2%,2- %&42 20 :/&3+, /-+( *(8()*()+< m&./)-4 &1 +,(&/(+2%-4 ?2&4&:7< 

HDDH B-7 bOH"aG"JS"5[<J< =,20 0,&.4* ?( *20%.00(*<E 

F( +,-)@ +,( /(92(3(/ 1&/ ?/2):2): +& &./ -++()+2&) +,( N-*-0 0+.*76 3,2%, 3( 1&.)* 2)1&/'-+29(< R&'8-/2): 2+ 

32+, /(1< HH Gn-?(/:&h et al.J 20 244.'2)-+2):S M(082+( .02): *211(/()+ '(+,&*0 +& '&*.4-+( +,( ?-%+(/2-4 :/&3+, /-+( 

G%,('&0+-+ :/&3+, 2) \] 9(/0.0 ?-+%, %.4+./( 2) *211(/()+ %-/?&)0 0&./%(0J6 -)* *211(/()+ 3-70 +& %,-/-%+(/2A( 

+,( 2)1(%+2&) 8-/-'(+(/06 3,() '-88(* +& +,( 0-'( &?0(/9-?4(Z+,( /(4-+29( :/&3+, /-+( &1 +,( 92/-4 8&8.4-+2&)6 

& Z+,( +3& =[ 0+.*2(0 2*()+212(* - 02'24-/ 2)%/(-02): +/()* 1&/ +,20 8-/-'(+(/ 32+, :/&3+, /-+( GNEW

Supplementary Fig. 116 /(8/&*.%(* 2) comment 2.0-b -?&9(J6 '2//&/2): 3,-+ 3( &?0(/9( 2) +,( %.//()+ 3&/@ 

GNEW Fig. 3f6 /(8/&*.%(* 2) comment 2.0-a -?&9(J< Q0 +,( /(92(3(/ 8&2)+(* &.+ 2) comment 2.0-b -?&9(6 &./ 

%.//()+ '(-0./('()+0 3(/( *&)( .)*(/ %&)*2+2&)0 3,(/( +,( :/&3+, /-+( %,-):(0 &9(/ +2'(6 +,.0 3( %-))&+ 

(0+-?420, - %-.0-4 42)@ 32+, +,( 2)0+-)+-)(&.0 :/&3+, /-+(< n(9(/+,(4(006 3( 1((4 +,-+ +,( =[ *-+- 8&2)+0 2) +,-+ 

*2/(%+2&)6 -)* '-@( +,20 -/:.'()+ 2) +,( /(920(* +(K+6 42)(0 "H"5"H[ -)* H"C5H"a< 



!"a 

#[2.4] =,( '&*(4 8/(0()+(* 2) V2:<H 20 .0(* +& 12+ +,( 8,-:( %&)%()+/-+2&) %./9( 2) V2:< HM< 

[2.4-a] =,( '&*(4 -00.'(0 +,-+ +,( 8,-:(0 -/( 8/&*.%(* &)47 -1+(/ +,( %(44 47020< N&3(9(/6 +,( '(+,&* 0+-+(0 

+,-+ +& '(-0./( +,( 8,-:( %&)%()+/-+2&) 2) V2:< HM6 +,( %(440 2) +,( 0-'84( 3(/( 470(* ?7 -**2): %,4&/&1&/'< 

=,20 -44&30 +,( 8,-:(0 8/&*.%(* 2) +,( 2)1(%+(* %(440 +,-+ ,-9( )&+ 7(+ ?./0+ -40& +& ?( 2)%4.*(* 2) +,( 8,-:( 

%&.)+< =,(/(1&/(6 +,( *-+- 2) V2:< HM 20 )&+ %&//(08&)* +& +,( 1/(( 8,-:( T 2) +,( '&*(4 .0(* 2) +,( 12++2):<E 

=,( /(92(3(/ 206 &1 %&./0(6 %&//(%+6 -)* +,( %,4&/&1&/' 8/&%(*./( /(0.4+0 2) %&.)+2): &1 8,-:(0 1/&' .)470(* 

%(440< $) +,( '&*(46 3( %-8+./( +,20 1(-+./( ?7 -**2): - %&)+/2?.+2&) &1 #  8,-:(0 1/&' (-%, %(44 2) +,( 9/

8&8.4-+2&) G2<(<6 2) +,( 4-0+ 8/(547020 0+-:( &1 2)1(%+2&)O Supplementary Methods, Section 6.6J< Q0 (K84-2)(* 2) 

&./ /(08&)0( +& comment 2.0-a -?&9(6 3( )&3 .0( &)47 +,( %(44 *-+- 1&/ 12++2):6 -)* +,( 8,-:( ).'?(/0 -/( 

0.?0(;.()+47 predicted. =,( 1-%+ +,-+ +,( '&*(4 0.%%(001.447 %-8+./(0 +,( 8,-:( *-+- GFig. 3e -)* NEW

Supplementary Figs. 7e-f6 /(8/&*.%(* 2) comment 2.0-a -?&9(J 0.::(0+0 +,-+ &./ ,(./20+2% 3-7 &1 2)%4.*2): 

+,( 8/(547020 8,-:( 8&8.4-+2&) 20 -*(;.-+(<  

#[2.4-b] $ -00.'( +,-+ +,( -.+,&/0 .0(* +,( 4-+()+ 8(/2&* 1&/ +,20 12+ ?-0(* &) +,( 2)0+-)+-)(&.0 :/&3+, /-+( 

-)* +,( %&//(4-+2&) 2) V2:< HR< =,20 ,-0 +,( %&)%(/) -0 0+-+(* 2) H522JO ,()%(6 +,( 9-4.( .0(* '-7 ?( 3/&):<E 

Q0 (K84-2)(* 2) &./ /(08&)0( +& comment 2.0-a6 +,( +,/(( 8-/-'(+(/0 "6 #6 !6 -/( )&3 12++(* 02'.4+-)(&.047< 

=,( 2)1(//(* 9-4.(0 -/( +,() .0(* +& 8/(*2%+ 8,-:( *7)-'2%06 0.%, -0 +,( *-+- 84&++(* 2) Fig. 3e -)* NEW

Supplementary Figs. 7d-f< 

#[2.4-c] =,( -.+,&/0 %-) 0+244 12+ +,( %./9( *(082+( +,( -?&9( .)%(/+-2)+2(0 -)* 0+-+( +,( ?(0+512+ 8-/-'(+(/0 32+, 

9(/7 0'-44 (//&/ ?-/0< =,20 %-) ?( - 02:) &1 &9(/12++2):O ?(%-.0( &1 - ,2:, *(:/(( &1 1/((*&' -)* '-)7 

8-/-'(+(/0 %-) %&'8()0-+( 1&/ (-%, &+,(/6 +,(/( '-7 ?( - 32*( /-):( &1 8-/-'(+(/0 +,-+ 12+ ;.2+( -44 /2:,+6 

?.+ -.+,&/0 -/( &)47 82%@2): +,( ?(0+ 12+< $) /(-42+76 +,( 8-/-'(+(/0 -/( )&+ -0 %&)0+/-2)(* -0 +,( (//&/ ?-/0 

0.::(0+< V&/ (K-'84(6 +,( -.+,&/0 -00.'( %&)0+-)+ ?./0+ 02A(6 ?.+ - %4(-/ %,-):( 2) +,( ?./0+ 02A( 3-0 

&?0(/9(* 3,() +,( :/&3+, /-+( 3-0 %,-):(* 2) +,( 0+(-*7 0+-+( :/&3+, %&)*2+2&) 2) +,( N-*-0 8-8(/ 

'()+2&)(* -?&9(< V&/ (K-'84(6 21 +,( 4-+()+ 8(/2&* 8/(*2%+2&) 2) V2: HR 20 3/&): ?.+ -%+.-447 *&(0 )&+ %,-):( 

'.%,6 ?.+ 21 ?./0+ 02A( 20 /(*.%(* 32+, :/&3+, /-+(6 +,20 '-7 %&'8()0-+(< L9(/-446 +,(/( -/( 0& '-)7 

.)%(/+-2)+2(0 2) +,( '&*(4 -)* +,( 12+6 -)* 2)1(//2): 8-/-'(+(/0 32+, +,( (//&/ ?-/ +,-+ +,( -.+,&/0 8/(0()+ 

-88(-/0 '204(-*2):<E

F( ,&8( +,-+ &./ *(+-24(* /(08&)0( +& comment 2.0-a -?&9( -**/(00(0 +,(0( %&)%(/)0<  

#[2.5] $) V2: [6 +,( -.+,&/0 2)1(//(* +,( :/&3+, /-+( *(8()*()%( &1 +,( 470&:()20-+2&) 1/(;.()%7 -)* +,( 

08&)+-)(&.0 2)*.%+2&) /-+(< 



!"b 

[2.5-a] V&/ V2:< Q5R6 +,( -.+,&/0 84&+ - %&//(4-+2&) ?(+3(() +,( 1/(;.()%7 &1 470&:()7 -)* +,( :/&3+, /-+( -+ 

+,( +2'( 3,() +,( 8,-:( 20 -**(*< Q:-2)6 -0 0+-+(* -?&9(6 +,20 20 h.0+ - %&//(4-+2&)<E 

Q0 2) +,( %-0( &1 comments 2.0-b -)* 2.3-b-i -?&9(6 3( -:/(( +,-+ 2) &./ (K8(/2'()+06 3,(/( +,( %,-):( 2) 

:/&3+, /-+( +-@(0 84-%( &9(/ +2'(6 3( %-))&+ *(+(/'2)( 3,(+,(/ +,( %,-):( 2) ?(,-92&/ /(14(%+0 - *(8()*()%( 

&) +,( 2)0+-)+-)(&.0 :/&3+, /-+( &/ &) +,( %.4+./(c0 ,20+&/76 &/ ?&+,< F( ,-9( /(920(* +,( +(K+ +& /(14(%+ +,20 

%-9(-+ G42)(0 HHC5HHbJ< n&+32+,0+-)*2):6 -)* -0 3( )&+(* 2) +,( &/2:2)-4 '-).0%/28+6 +,( 2*(- +,-+ 04&3 :/&3+, 

8/&'&+(0 470&:()7 0(('0 '(%,-)20+2%-447 84-.02?4(6 %&)02*(/2): +,-+ '.4+284( /(:.4-+&/7 2)+(/-%+2&)0 1((* 1/&' 

+,( 02:)-42): '&4(%.4(0 ()%&*2): 2)1&/'-+2&) &) %(44.4-/ :/&3+, G88>886 %QBTJ6 +,/&.:, %(44.4-/ 8/&+(-0(0 

GV+0N6 \&)6 !(%QJ -)* /2?&).%4(-0(0 G!n-0( $$$J6 2)+& +,( 8,-:( *(%202&) %2/%.2+/718,19< Q *(8()*()%( &1 470&:()7 

&) :/&3+, /-+( 20 -40& 84-.02?4( 1/&' +,( (%&4&:2%-4 -):4(6 8/('20(* &) +,( /-+2&)-4( +,-+ 04&3(/ :/&32): %(440 

3&.4* ,-9( /(*.%(* %-8-%2+7 1&/ - 0.%%(001.4 47+2% /(8/&*.%+2&)< =,(0( '-++(/0 -/( )&3 *20%.00(* 2) 42)(0 HHb5

HYH< 

#=,( '&*(4 8/(0()+(* 2) V2:< WI 20 2)%&)020+()+ 32+, +,(2/ -00.'8+2&) &1 +,( 470&:()20-+2&) 1/(;.()%7 

*(8()*()%( .8&) :/&3+, /-+( -)* BL$<

[2.5-b] =,( '&*(4 *&(0 )&+ %&.)+ +,( 0.8(/2)1(%+2&) G+,&.:, 2+ 20 8&002?4( +& %&)0+/.%+ 0.%, - '&*(46 3,(/( 

(9(/7 2)1(%+2&) +& +,( 2)1(%+(* 0+-+( %-) '&9( +& -)&+,(/ 0.8(/2)1(%+(* 0+-+(J6 0& +,( '&*(4 *&(0 )&+ @)&3 

,&3 '-)7 1/-%+2&) &1 +,( 2)1(%+(* %(440 (K8(/2()%(* 0.8(/2)1(%+2&)0< $)0+(-*6 +,( 470&:()20-+2&) 1/(;.()%7 20 

-002:)(* ?-0(* &) +,( 2)2+2-447 -**(* 8,-:( %&)%()+/-+2&)< =,20 20 -)&+,(/ 2)*2%-+2&) +,-+ +,( *-+- 20 )&+ 

%&)0+/-2)2): +,( '&*(4S Q 02'84( '&*(4 -%+.-447 /(8/&*.%(0 +,( %./9(0 ;.2+( -44 /2:,+ 32+,&.+ +,( %&'84(K 

:/&3+, /-+( *(8()*()%( &/ BL$ *(8()*()%(< =,-+ *&(0 )&+ )(%(00-/247 '(-) +,-+ +,( '&*(4 -)* 2)1(//(* 

8-/-'(+(/0 -/( %4&0( +& +,( +/.+,<E

L./ :&-4 2) 8/(0()+2): +,20 &9(/02'84212(* '&*(4 3-0 +& 0,&3 ,&3 2+ 1-240< Q0 +,( /(92(3(/ )&+(06 +,( '&*(4 *&(0 

)&+ %&)02*(/ 0.8(/2)1(%+2&)6 -)* 8-/+2%.4-/47 +,( (11(%+ &1 BL$ &) +,( 8/&?-?242+7 &1 470&:()2A-+2&)< F,24( +,( 

'&*(4 0(('2):47 0.%%((*0 2) %-8+./2): +,( &?0(/9(* %(44 *7)-'2%06 +,( 12++2): %&'(0 -+ +,( 8/2%( &1 )&)0()02%-4 

2)1(/()%(S +,-+ +,( 8/&?-?242+7 &1 470&:()2A-+2&) -+ (-%, 2)1(%+2&) (9()+ *(8()*0 &) +,( 2)2+2-4 %&)*2+2&)0< =,20 

1-24./( 0.88&/+0 +,( -/:.'()+6 8/('20(* &) +,( 42+(/-+./(6 +,-+ +,( *(8()*()%( &) BL$6 -0 3(44 -0 &) :/&3+, 

/-+(6 20 %/2+2%-4 1&/ *(0%/2?2): +,( ('(/:()%( &1 470&:()0< =,( /(92(3(/P0 %&''()+ 0.::(0+0 +,-+ &./ .0( &1 +,( 

#0+/-3 '&*(4E %/(-+(* %&)1.02&) /-+,(/ +,-) %4-/2+76 -)* 3( +,(/(1&/( *(%2*(* +& /('&9( 2+< 

#[2.5-c] V&/ +,( 2)*.%+2&) /-+(6 +,( -.+,&/0 -00.'( +,(/( 20 )& 8,-:( -*0&/8+2&) 2) +,20 (K8(/2'()+< =,( '(+,&* 

0+-+(0 +,-+ \] '(*2.' 3-0 #0.884('()+(* 32+, "D'B B:WL[ -)* D<H` :4.%&0(6 +,( 4-++(/ -**(* +& 2),2?2+ 

8,-:( -*0&/8+2&) +& %(440 G/(1 "Y6 YCJE< $) /(1< YC6 +,( (11(%+ &) +,( -*0&/8+2&) /-+( +& -** :4.%&0( 20 -+ '&0+ 

1-%+&/ "DD /(*.%+2&)6 ?.+ 2+ %-) ?( &)47 1-%+&/ "D< F,() +,( %(44 %&)%()+/-+2&) 20 ,2:, -)* 2)9(0+2:-+2): +2'( 

0%-4( &1 ,&./06 (9() - 0'-44 -*0&/8+2&) /-+( %-) -11(%+ +,( 8,-:( ).'?(/ 02:)212%-)+47< =,( -.+,&/0 0,&.4* 

0,&3 +,-+ +,( -*0&/8+2&) 20 )(:42:2?4( 2) +,( %&)%()+/-+2&) -)* +2'( 0%-4( .0(* 2) +,( %&)*2+2&) .0(*<# 
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V&44&32): +,( /(92(3(/P0 %&''()+6 3( +(0+(* +,( (11(%+ &1 -44&32): -*0&/8+2&) &1 +,( /(4(-0(* 8,-:(06 -+ -) 

(112%2()%7 "D51&4* 4&3(/ +,-) 2) +,( '-4+&0( '(*2.'206 &) +,( #"5'&*(4E6 ##5'&*(4E -)* #!5'&*(4E< V&/ (-%, 

'&*(46 +,( 8-/-'(+(/0 1&/ " 6 # , -)* ! 3(/( 2),(/2+(* 1/&' +,( 12++2): &1 2)1(%+2&) *7)-'2%0 2) \]B 

GSupplementary Table 36 /(8/&*.%(* 2) comment 2.0-a -?&9(J< =,( 08&)+-)(&.0 2)*.%+2&) /-+( 3-0 -00.'(* 

+& ?( - 42)(-/ 1.)%+2&) &1 +,( )&/'-42A(* 2)0+-)+-)(&.0 :/&3+, /-+( G$J6 32+, +,( 04&8( -)* 2)+(/%(8+ &1 +,-+ 42)(-/ 

1.)%+2&) -0 1/(( 8-/-'(+(/0 G0(( Supplementary Methods, Section 8.2J< 

Q0 %-) ?( 0(() 2) Fig. 5f6 NEW Supplementary Fig. 17 -)* Supplementary Table 5 G-44 /(8/&*.%(* ?(4&3J6 

2) +,( -?0()%( &1 8,-:( -*0&/8+2&) +& :4.%&0(5:/&3) %(4406 -44 +,/(( '&*(40 /(8/&*.%( +,( *-+-6 -)* +,( 12++(* 

2)*.%+2&) /-+(0 -44 2)%/(-0( 32+, +,( :/&3+, /-+(< F,() -*0&/8+2&) 20 2)+/&*.%(*6 +,( ##5'&*(4E %-))&+ /(8/&*.%( 

+,( *-+-6 3,24( +,( #"5'&*(4E -)* #!5'&*(4E -/( -?4( +& *& 0&O 1&/ +,( #"5'&*(4E -)* #!5'&*(4E6 +,( 12++(* 2)*.%+2&) 

/-+( 2)%/(-0(0 32+, :/&3+, /-+(6 (K,2?2+2): - 02'24-/ +/()* +& +,( '&*(40 12++(* 32+,&.+ %&)02*(/2): -*0&/8+2&)< 

=,.06 +,( -**(* 1(-+./( *&(0 )&+ -11(%+ +,( '&*(4c0 -?242+7 +& %-8+./( +,( *-+-6 )&/ *&(0 2+ -4+(/ +,( %&)%4.02&) 

+,-+ +,( 08&)+-)(&.0 2)*.%+2&) /-+( 2)%/(-0(0 32+, +,( :/&3+, /-+(< =,20 8&2)+ 20 )&3 '-*( 2) 42)( "UH6 42)(0 "UI5

"I[6 -)* Supplementary Methods, Section 8.2< 

Fig. 5: The propensity to enter and maintain lysogeny increases as the bacterial growth slows down. 

HVI#!f"#8/'#01#!.'&"#3,&#+/'#5%,5',+.3+*%,#%)#).''#@/3-'6#!C(:'"#&:.*,-#-.%F+/#%)#(26%-',67#$UY\ZZ#`ts F36#-.%F,#3+#RSoB#*,#

cQ$#6:@@('4',+'&#F*+/#S7[d#-(:5%6'7#$3.A'.6=#'e@'.*4',+3(#&3+37#c*,'6=#)*+#%)#3#4%&'(#F/'.'#+/'#.3+'#%)#@/3-'>5'((#',5%:,+'.#

!!"#&'@',&6#%,#+/'#C35+'.*3(#-.%F+/#.3+'7#?,6'+=#+/'#*,)'..'&#.3+'#%)#6@%,+3,'%:6#*,&:5+*%,#!J%"#36#3#):,5+*%,#%)#+/'#,%.43(*E'&#

*,6+3,+3,'%:6#C35+'.*3(#-.%F+/#.3+'#!1"7#K%.#%+/'.#4%&'(#D3.*3,+6=#6''#Supplementary Fig. 177
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Supplementary Fig. 17: Modeling lysogen growth and phage dynamics using different assumptions. 

$%&'(*,-#01#!.'&"#3,&#@/3-'#5%,5',+.3+*%,#!C(:'"#&:.*,-#-.%F+/#%)#(26%-',6#:6*,-#&*))'.',+#4%&'(67#?,#'35/#@3,'(=#43.A'.6=#

'e@'.*4',+3(#&3+37#c*,'6=#4%&'(#)*++*,-7#M/3&*,-=#)*+6#C2#+/'#',6'4C('#%)#@3.34'+'.6#%C+3*,'&#:6*,-#$3.A%D#5/3*,#$%,+'#B3.(%#
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Supplementary Table 5: Fitted induction rates using different models 

Model Parameter Range of prior Best fit value 
Range of ensemble of 

parameters 

!-model + no adsorption  "!"
[10-7, 10-4] min-1 1.6×10-5 min-1 [1.5×10-5, 1.8×10-5] min-1

"!#
[-10-4, 10-4] min-1 -7.0×10-6 min-1 [-9.0×10-6, -6.2×10-6] min-1

B-model + no adsorption "!"
[10-7, 10-4] min-1 1.1×10-5 min-1 [1.0×10-5, 1.5×10-5] min-1

"!#
[-10-4, 10-4] min-1 -5.1×10-6 min-1 [-9.3×10-6, -4.1×10-6] min-1

#-model + no adsorption "!"
[10-7, 10-4] min-1 1.5×10-6 min-1 [1.4×10-6, 1.8×10-6] min-1

"!#
[-10-4, 10-4] min-1 -6.4×10-7 min-1 [-9.4×10-7, -5.6×10-7] min-1

!-model + 10% adsorption "!"
[10-7, 10-4] min-1 2.1×10-5 min-1 [1.9×10-5, 2.7×10-5] min-1

"!#
[-2×10-5, 2×10-5] min-1 -1.0×10-5 min-1 [-1.5×10-5, -7.5×10-6] min-1

$-model + 10% adsorption "!"
[10-7, 10-4] min-1 -8.6×10-5 min-1 [-9.5×10-5, -8.6×10-5] min-1

"!#
[-10-4, 10-4] min-1 9.9×10-5 min-1 [9.4×10-5, 10.0×10-5] min-1

#-model + 10% adsorption "!"
[10-7, 10-4] min-1 8.1×10-7 min-1 [7.7×10-7, 8.8×10-7] min-1

"!#
[-10-4, 10-4] min-1 1.0×10-7 min-1 [8.8×10-8, 1.2×10-7] min-1

References for this Response Letter 

"< >.+()@.)0+6 !< n< et al. g)29(/0-447 W4&887 T-/-'(+(/ W()02+292+2(0 2) W70+('0 ]2&4&:7 B&*(40< PLoS 
Comput Biol 36 ("UI GHDDbJ< 

H< V&/('-)5B-%@(76 M<6 N&::6 M< F<6 \-):6 M< o >&&*'-)6 m< ('%((S =,( BRBR N-''(/< GHD"HJ 
*&2S"D<[UCCDjQ!p$d<"HDH<YaaC< 

Y< ].446 m< m< L8+2'-42+7 '&*(40 &1 8,-:( 421( ,20+&/7 -)* 8-/-44(40 2) *20(-0( (9&4.+2&)< Journal of Theoretical 
Biology 2416 IHU_IYU GHDDaJ< 

[< n-?(/:&h6 M<6 B&*2%6 T< o T&*:&/)2@6 Q< X11(%+ &1 ?-%+(/2-4 :/&3+, /-+( &) ?-%+(/2&8,-:( 8&8.4-+2&) :/&3+, 
/-+(< MicrobiologyOpen 76 (DDCCU GHD"UJ< 

C< N-*-06 N<6 X2)-96 B<6 V20,&96 $< o l-/2+0@76 Q< ]-%+(/2&8,-:( =[ M(9(4&8'()+ M(8()*0 &) +,( T,702&4&:7 
&1 2+0 N&0+ X0%,(/2%,2- R&42< Microbiology 1436 "bI_"UC G"IIbJ< 

a< q&.6 \<6 W.+,(/06 T< V< o q2)6 m< X11(%+0 &1 Escherichia coli T,702&4&:7 &) >/&3+, &1 T,-:( =b $) d29& -)* $) 
W242%&< J Bacteriol 1846 "UUU_"UI[ GHDDHJ< 

b< ]-0-)6 B< et al. Q .)29(/0-4 +/-*(5&11 ?(+3(() :/&3+, -)* 4-: 2) 14.%+.-+2): ()92/&)'()+0< Nature 5846 [bD_
[b[ GHDHDJ< 

U< >/-76 F< =< et al. n.%4(&2* W2A( W%-42): -)* $)+/-%(44.4-/ L/:-)2A-+2&) &1 =/-)04-+2&) -%/&00 ]-%+(/2-< Cell
1776 "aYH5"a[U<(HD GHD"IJ< 

I< \-A-AA(/-6 ]< Q< r.&/.' 0()02): -)* 0+-/9-+2&)S 02:)-40 1&/ ()+/7 2)+& 0+-+2&)-/7 8,-0(< Current Opinion in 
Microbiology 36 "bb_"UH GHDDDJ< 

"D< p-92(/6 s< ]< o ]-004(/6 ]< \< !(:.4-+2&) &1 g8+-@( -)* T/&%(002): &1 +,( r.&/.'5W()02): Q.+&2)*.%(/ Q$5
H 2) Escherichia coli< J Bacteriol 1876 HYU_H[U GHDDCJ< 

""< Wt)%,(A5R4('()+(6 !< et al. W+.*7 &1 8N R,-):(0 2) B(*2- *./2): ]-%+(/2-4 >/&3+, &1 W(9(/-4 
X)92/&)'()+-4 W+/-2)0< 2) Environment, Green Technology, and Engineering International Conference "HIb 
GBMT$6 HD"UJ< *&2S"D<YYIDj8/&%((*2):0HHD"HIb< 

"H< !-+A@(6 R< o >&/(6 m< B&*2172): -)* /(-%+2): +& +,( ()92/&)'()+-4 8N %-) */29( ?-%+(/2-4 2)+(/-%+2&)0< PLoS 
Biol 166 (HDD[H[U GHD"UJ< 

"Y< Q*-'06 B< N< Bacteriophages< G$)+(/0%2()%( T.?420,(/06 n(3 q&/@6 "ICIJ< 
"[< W-'?/&&@6 m< o !.00(446 M< F< Molecular Cloning: A Laboratory Manual< GR&4* W8/2): N-/?&/ \-?&/-+&/7 

T/(006 R&4* W8/2): N-/?&/6 n<q6 HDD"J< 
"C< R4&@2(6 B< !< m< o s/&82)0@26 Q< B< Bacteriophages: Methods and Protocols< GN.'-)- T/(006 n(3 q&/@6 

HDDIJ< 
"a< W+(9()0&)6 s<6 B%d(76 Q< V<6 R4-/@6 $< ]< n<6 W3-2)6 T< W< o T242A&+-6 =< >()(/-4 %-42?/-+2&) &1 '2%/&?2-4 :/&3+, 

2) '2%/&84-+( /(-*(/0< Sci Rep 66 YUUHU GHD"aJ< 



!H" 

"b< W(A&)&96 ><6 m&0(4(-.5T(+2+6 M< o McQ/26 !< Escherichia coli T,702&4&:7 2) \./2-5](/+-)2 ]/&+,< J Bacteriol
1896 Ub[a_Ub[I GHDDbJ< 

"U< R-0h()06 W< !< o N()*/2K6 !< F< ]-%+(/2&8,-:( 4-'?*-S X-/47 82&)((/ -)* 0+244 /(4(9-)+< Virology 479–4806 
Y"D_YYD GHD"CJ< 

"I< >&4*2):6 $<6 R&4('-)6 W<6 n:.7()6 =< d< T< o q-&6 =< M(%202&) B-@2): ?7 =('8(/-+( T,-:(0< 2) Encyclopedia 
of Virology UU_Ib GX40(92(/6 HDH"J< 

HD< W%,3-/+A6 B< =,( -*0&/8+2&) &1 %&428,-:( 4-'?*- +& 2+0 ,&0+S X11(%+ &1 9-/2-+2&)0 2) +,( 0./1-%( *()02+7 &1 
/(%(8+&/ -)* 2) 8,-:(5/(%(8+&/ -112)2+7< Journal of Molecular Biology 1036 CH"_CYa G"IbaJ< 



Reviewer #2 (Remarks to the Author):

The authors have successfully followed up on my comments. In the revised manuscript, they 

have tested di erently structured models and have clearly shown that the overall phage growth

parameter, which could be attributed to di erent phage parameters, is what is constrained by

data. The authors also resolved several uncertainties in the previous version of the manuscript 

by performing additional experiments. This revision has e ectively resolvedmy concerns. I

#%*)%4% 2("2 2(% $300%,2 4%01)-, -& 2(% +",31$0).2 5)** $-,20)#32% 1)',)7$",2*6 2- /3",2)2"2)4%

phage research.

Below is a minor comment.

The revised abstract states, “A mathematical model allows us to infer the phage-cell encounter 

rate, latent period, and burst size.” However, each parameter was not inferred as reliable since 

their growth rate dependence compensates for each other. Hence, this sentence may be 

misleading. Isn’t it better to state, e.g., “a mathematical model allows us to infer relative phage 

growth rate, which is a function of the phage-cell encounter rate, latent period, and burst size.”? 

I recommend that the authors reconsider the sentence.



 Reviewer #2 

 “The  authors  have  successfully  followed  up  on  my  comments.  In  the  revised  manuscript,  they  have 

 tested   differently   structured   models   and   have   clearly   shown   that   the   overall   phage   growth 

 parameter,  which  could  be  attributed  to  different  phage  parameters,  is  what  is  constrained  by  data. 

 The   authors   also   resolved   several   uncertainties   in   the   previous   version   of   the   manuscript   by 

 performing   additional   experiments.   This   revision   has   effectively   resolved   my   concerns.   I   believe 

 that the current version of the manuscript will contribute significantly to quantitative phage research. 

 Below is a minor comment. 

 The   revised   abstract   states,   “A   mathematical   model   allows   us   to   infer   the   phage-cell   encounter 

 rate,  latent  period,  and  burst  size.”  However,  each  parameter  was  not  inferred  as  reliable  since  their 

 growth   rate   dependence   compensates   for   each   other.   Hence,   this   sentence   may   be   misleading. 

 Isn’t   it   better   to   state,   e.g.,   “a   mathematical   model   allows   us   to   infer   relative   phage   growth   rate, 

 which   is   a   function   of   the  phage-cell  encounter  rate,  latent  period,  and  burst  size.”?  I  recommend 

 that the authors reconsider the sentence.” 

 We   have   revised   the   sentence   in   question   to   read   “Interpreting   the   measured   dynamics   using   a 

 mathematical   model   allows   us   to   infer   the   phage   growth   rate,   which   is   a   function   of  the  phage-cell 

 encounter rate, latent period, and burst size”. 


