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Reviewer #1 (Remarks to the Author): 

After birth of slow growing E. coli cells, the chromosomal origin region (ori) is usually located near 

midcell and the terminus region (ter) near the newest cell pole. Somewhile after initiation of DNA 

replication, the sister ori's then move apart to ~ quarter positions while the (as yet unreplicated) 

ter moves to midcell at some point. 

Here, the authors explored the timing of, and requirements for, the ter centralization step in cells 

growing with a doubling time of ~ 130 min in a mother-machine by monitoring the sister ori 

segregation and ter centralization steps during thousands of cell/division cycles at a relatively high 

(5 min) temporal resolution. 

The most notable results of these studies are that ter centralization is a rapid process that occurs 

well before visible segregation of nucleoids (nucleoid constriction) and, importantly, that it 

coincides with the completion of sister ori segregation. Moreover, its temporal coupling with 

completion of ori segregation is not dependent on a functional Ter-linkage with the division 

apparatus, and likely also not dependent on MukBEF. They further show that artificially increasing 

the time of sister ori 'cohesion' interferes with normal ter centralization, and can lead to the 

generation of viable cells with an inverted ori-ter axis. The data also lead to a refinement in the 

positioning of ori relative to the cell (slight bias towards cell poles) and the bulk nuleoid (also less 

central than currently thought). Overall, the results are consistent with models in which both bulk 

segregation of the chromosome and rapid ter centralization are entropy driven processes. 

The quantity and quality of data and its presentation (writing and figures) is high overall, and the 

results are both interesting and important. 

Critiques are that some of the authors assertions may be overstated, a possible involvement of 

FtsK in ter centralization is ignored, and that the accuracy/understanding of some text and figures 

can be improved. 

Specific remarks 

1) Line and page numbers would have rendered review of the manuscript more efficient. 

2) Page 2, last sentence. 

The authors assert that 'our results show that the mid-cell positioning of the terminus region is not 

due [to] its replication by mid-cell proximal replisomes or its linkage to the divisome'. 

I have two comments: 

a) As the authors neither study oriC cohesion nor replisomes in the manuscript, it is not clear how 

the results presented show that 'the mid-cell positioning of the terminus region is not due [to] its 

replication by mid-cell proximal replisomes'. If cohesion of newly replicated oriC's were to exceed 

~ 25 min or so under these specific growth conditions in the mother-machine, it is conceivable 

that replisomes indeed reached ter around the time of its centralization (i.e. ~ 25 min after initial 

separation of replicated ori's, allowing for a C-period of ~50 min). So, please better explain to the 

reader what this assertion is based on. 

b) The authors provide evidence that the Ter-linkage (FtsZ-ZapA-ZapB-MatP) between ter and the 

divisome is not required for ter centralization. However, the linkage between FtsK (divisome) and 

ter DNA was not examined. So, the latter part of the statement seems too broad as well. 

3) Cell growth rates, focus velocities. 

a) What 'per minute' units for growth rates are used for Fig. S1c,d, S2c, and S7e? Should this be 

micrometer per minute? If so, why not use a nanometer per minute scale? The multipliers at the 

top of the Y-axes are easy to miss. 

b) Similarly, the multipliers in the focus velocity panels (Fig.4b,d, 5b,d, S6h,i) are hard to see, so 

I'd recommend a nanometer per minute scale. 

c) What are 'growth rates for cell cycles' in the legend to Fig.S1c? 

4) Fig. S1k, S3e 

Please define PDF (Poisson/position distribution function/fraction?) in the legends. 



5) Page 4. 'separation of ter foci occurred just before cell division' 

What do you mean with 'cell division'? The onset of constriction, or cell separation (birth)? These 

events are likely at least 20 min apart under these growth conditions. 

6) Page 9. The authors note 'that the time between ori duplication and ter centralization is 

decreased in both Ter-linkage mutants compared to wild-type', but this is difficult to infer from the 

figures. 

a) How much shorter? Perhaps a table with relevant numbers can be added? 

b) Do ori and/or ter foci move faster, or is the period between ori duplication and ori movement 

shortened? 

c) Why would a defective Ter-linkage have this effect? 

7) Page 9. The authors conclude ' that the migration of ter to mid-cell, and its maintenance there, 

does not require the linkage of the terminus region to the divisome '. However, they ignore the 

fact that, besides the Ter-linkage, FtsK also interact with the terminus region. Though FtsK activity 

may partly depend on the Ter-linkage, I don't believe it has been ruled out that FtsK can still bind 

ter, and perhaps help direct its location, in the absence of a functional Ter-linkage. If it has, please 

enlighten the reader. 

a) So, this statement seems too broad, and I'd recommend rewriting it (see also point 2 above). 

b) It also raises the interesting and relevant question if FtsK is then perhaps involved in ter 

centralization in wt and/or Ter-linkage mutant cells. Have the authors performed similar 

experiments with appropriate ftsK mutants (e.g. lacking the FtsK C-terminus)? 

8) Pages 10-11. The authors nicely show that artificially increasing the time of sister ori 'cohesion' 

interferes with normal ter centralization. A converse experiment would be to decrease the sister ori 

cohesion period, which is observed when cells modestly overproduce TopoIV (Wang_G&D 2008). 

Would early completion of ori segregation also result in 'early' ter centralization, or would this 

cause temporal uncoupling of the events? Have the authors considered/tried this? 

9) Methods 

a) Strains RM29 and RH3 are missing from Table S1. 

b) Table S2. Please provide a proper genotype of plasmids, including origin of replication, antibiotic 

resistance markers, and relevant (inducible) promoters and fused genes. 

c) Page 15, medium. No antibiotic is mentioned. So, was antibiotic to select for parB plasmids 

(Amp?) left out of the growth medium in the pre-culture and the mother-machine? 

10) Some other points 

a) Page 7. You mean (Fig.1D, Fig.S1H) rather than (Fig.1C, Fig.S1G)? 

b) Page 9, top. You mean (Fig. S6 E,F,H,I) rather than (Fig. 6 E,F,H,I)? 

c) Legend to Fig. S5c. Incomplete sentence. 

d) Legend to Fig. S6. Panels H and I are mislabeled G and H. 

Reviewer #2 (Remarks to the Author): 

The manuscript by Sadhir et al. describes a coordinated movement of the replication origin (oriC) 

and terminus (terC) region of E. coli chromosomes in slow-growth conditions. It is a careful 

quantitative study that elucidates the dynamics of chromosomes during the cell cycle. The work 

mostly revisits already-known findings but does it more quantitatively than the earlier studies. The 

main result, “Mid-cell migration of the chromosomal terminus is coupled to origin segregation in 

Escherichia coli” (the title of the manuscript), has been reported by Bates and Kleckner (Cell 

2005): “Strikingly, concomitant with this transition, ter and the ter-side origin switch positions. [..] 

ter moves inward toward midcell while the ter-side origin becomes localized to the 1/4 position, 

symmetrical to its sister at the 3/4 position.” The most interesting/novel finding from this work is 

that without splitting of oriC-proximal focus, the Ter still moves to midcell although only for short 

period of time. It is then instead localizing to the nucleoid periphery in cells where the ori-foci 

remain at the midcell. The motion to the midcell appears to be driven by DNA replication. 



I would have expected some mechanistic insights or modeling arising from the data to be included. 

Main points of criticism: 

1) There is no mechanistic interpretation of findings, which mostly have been known before. 

Without model the impact of the work will be modest. 

2) Title and the section “ter centralisation is coupled to, and requires, ori segregation” in 

Discussion. When ori region is crosslinked by CFP-ParB, ter centralization still occurs, although for 

a short period. It seems to me to contradict the statement that ori segregation is required for the 

ter centralization. 

3) The aligned and averaged kymograph in Fig. 4 show vary rapid movement of the Ter focus. 

Such representation overlooks that Ter can frequently overshoot midcell position (Youngren et al 

GenesDev 2014), that the focus can split and that in individual cells the movement of Ter focus 

across the nucleoid can be observed. In other words, the movement of the Ter from the new pole 

side to nucleoid middle takes much more time then this kymograph shows. The alignment 

procedure in Fig. 4 is somewhat arbitrary. Why needs the Ter focus to be stable for three 

consecutive frames? What is the outcome if different criteria are used? 

Minor points of criticism: 

1) “While in some bacteria this can be directly attributed to the well-studied ParABS partitioning 

system, in other species this system is either not strictly essential or is absent altogether.” – Some 

references needed. 

2) “Here, we use high-throughput single-cell imaging and analysis to quantitatively establish the 

choreography..” choreography -> movement 

3) “Indeed, and surprisingly given the slow growth rate, we found that 15% of cells were born with 

more than one ori focus (Fig. S1F), indicating that DNA replication was initiated in the previous cell 

cycle.” – This should not be surprising. See S. Tiruvadi-Krishanan et al Cell Reports 2022 and P. 

Kar et al PNAS 2023. 

4) “It was recently suggested that ter centralisation shortly precedes the stable appearance of a 

constricted/bilobed nucleoid structure (Männik et al., 2016)” – This is misquotation of Männik et 

al., 2016, which states “The permanent constrictions, which were present uninterrupted until cells 

divided, appeared in all strains only after the Ter region centralized (Figure 5C).” The transient 

nucleoid constrictions were seen before Ter centralization. Please correct the whole paragraph. 

5) “Overall, these results confirm that the migration of ter to mid-cell, and its maintenance there, 

does not require the linkage of the terminus region to the divisome” – This was also shown in 

Mannik et al 2016. 

6) Section “Quantitative timings of cell cycle events” – discussion why timings have been studied 

instead of cell lengths is more appropriate to the Results or Materials and Method section. 

7) “Surprisingly, given the mean 133 min cell cycle duration, we found that 15% of cells were born 

with two ori foci, the majority of which do not initiate replication within their cell cycle (Fig. S1F).” 

– 

The argument that the mean doubling time is 133 min in this growth condition is somewhat 

concerning. It might imply phototoxic effects. Some control with unlabeled strain is needed. 

In this growth condition, the majority of cells should have two oris at birth. It is expected that 

because of noise in the initiation timing, a fraction of these cells “do not initiate replication within 

their cell cycle” 

I would have expected some conclusion about the ori-ter dynamics rather than going tangentially 

to a discussion of double initiations. 



Reviewer #3 (Remarks to the Author): 

Overall impression 

Sadhir and Murray present an interesting paper addressing the age-old question of how bacterial 

chromosomes segregate. Experiments are focused primarily on understanding segregation of the 

terminus region. This is understandable, as ter exhibits dramatic movements and is the only 

chromosomal locus (in E. coli) known to attach to cell structure capable of directing movement. 

Positions of ori, ter, and occasionally the nucleoid, are measured in slow growing cells by time 

lapse imaging in a microfluidics slide. Although there have been (many!) studies of ori and ter 

dynamics in twenty plus years, their approach is unique in that individual cells are examined over 

time with high temporal resolution. In addition, they avoid two pitfalls that have plagued many 

studies: dimeric fluorescent tags and unusual strain backgrounds. Analyses are sophisticated and 

adhere to a terminus-specific objective throughout the manuscript. They convincingly show that 

positioning of ter to midcell, an event presumed to be prerequisite for partitioning of daughter 

chromosomes at division, is independent of MatP-mediated linkage to the division apparatus but 

dependent on segregation of the origin region. Both of these findings are unexpected and 

important. Claims that origin segregation is only required for ter positioning (not the bulk 

nucleoid), and that chromosomes are oriented longitudinally and not transversely, are less 

convincing. Writing is crisp, and the authors have an uncanny knack for addressing questions and 

counter points at the moment they occur to the reader. 

Major comments 

1. Claims that delaying oriC segregation (using a dimeric CFP tag) does not disrupt bulk nucleoid 

segregation are unsupported by the data. While the effects on ter centralization are clear, there is 

no examination of nucleoid segregation per se. This is a major point in the paper, addressed in the 

results and discussion. Segregating nucleoids are even drawn in Figure 6B (although labelled 

“ori”), as if nucleoids were examined. HU or DAPI imaging should be performed to support this 

claim. Alternatively, other intermediate loci could be labelled, although this would be unnecessarily 

difficult unless the tools are already in hand. If possible, showing this data in supplemental would 

be useful to the field. 

2. The longitudinal versus transverse debate (if there is one) is not answered by this paper. Like 

the early FISH studies proposing the longitudinal model with circular chromosome oriented 

sideways in the cell “ori-arms-ter”, data in the current paper are restricted to ori and ter. The 

transverse model (“left arm-ori-right arm”) on the other hand, was born from imaging several arm 

loci. The fact is, most data examining interstitial loci support the transverse data. I strongly advise 

softening anti-traverse-model statements in the discussion section “the organization of the 

chromosome”, and instead focusing on how the current data confirms and extends the early ori/ter 

work and how it fits into the greater evolution of our view of E. coli chromosome organization. 

Minor comments 

1. Results 1st paragraph, please note that monomeric turquoise tagged ParB fusion was chosen to 

avoid artifacts of dimeric tags. It is widely known that the ParABS system was problematic, but not 

that it was due to tag multimerization. It should be mentioned here. 

2. It is said that “thousands” of cells are imaged in experiments, but I cannot find n for most 

figures. Please add this information. 

3. It is mentioned that variability was lower when relative cell ages are used instead of minutes 

after the previous division. If so, why isn’t relative cell age used throughout? Example, Figures 3 

and 4. 

4. In the text relating to Figure 2, it is said that old/new pole bias of ori position cannot be 

determined from snap-shot analyses, however, this is not true (in fact it was in the early FISH 

papers). Polarity can easily be determined by position of ter, which is strongly new pole biased. 

5. Figure 3A line colors are not explained. 

6. First line in the results section “ter centralization coincides with completion of ori segregation” 

cites Figures 1C and S1G, but these are incorrect. 

7. 2nd paragraph under “ter-ori coupling does not depend on the ter linkage. To my knowledge the 
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Elaboration would be good here. 

8. Same paragraph, “Fig 6 E,F,H,I” should be designated “S” supplemental. 

9. Following paragraph, “consistent with flow cytometry” may not be understandable to many. 

Please add a brief explanation in the text. 

10. Figure 6A, please add percentages for normal, inverted, and mixed classes (as in Fig S7C). 

11. There is a large white space in the Methods section after “ori duplication”. Is there missing 

text? 

12. The distributions of cell cycle durations and growth rates seem wide, but it is difficult to 

compare to past studies. Comment? Ideally, you would want to compare yours to a study using 

batch cultures, not microfluidics. 



Qbsfbtbo #0 'Qbj^ohp ql qeb @rqelo(9

@cqbo _foqe lc pilt doltfkd D- `lif `biip+ qeb `eoljlplj^i lofdfk obdflk 'lof( fp rpr^iiv il`^qba kb^o

jfa`bii ^ka qeb qbojfkrp obdflk 'qbo( kb^o qeb kbtbpq `bii mlib- Rljbtefib ^cqbo fkfqf^qflk lc CM@

obmif`^qflk+ qeb pfpqbo lof&p qebk jlsb ^m^oq ql x nr^oqbo mlpfqflkp tefib qeb '^p vbq rkobmif`^qba( qbo

jlsbp ql jfa`bii ^q pljb mlfkq-

Gbob+ qeb ^rqelop bumiloba qeb qfjfkd lc+ ^ka obnrfobjbkqp clo+ qeb qbo `bkqo^ifw^qflk pqbm fk `biip

doltfkd tfqe ^ alr_ifkd qfjb lc x 02/ jfk fk ^ jlqebo,j^`efkb _v jlkfqlofkd qeb pfpqbo lof

pbdobd^qflk ^ka qbo `bkqo^ifw^qflk pqbmp arofkd qelrp^kap lc `bii.afsfpflk `v`ibp ^q ^ obi^qfsbiv efde

'4 jfk( qbjmlo^i obplirqflk-

Seb jlpq klq^_ib obpriqp lc qebpb pqrafbp ^ob qe^q qbo `bkqo^ifw^qflk fp ^ o^mfa mol`bpp qe^q l``rop

tbii _bclob sfpf_ib pbdobd^qflk lc kr`iblfap 'kr`iblfa `lkpqof`qflk( ^ka+ fjmloq^kqiv+ qe^q fq `lfk`fabp

tfqe qeb `ljmibqflk lc pfpqbo lof pbdobd^qflk- Lloblsbo+ fqp qbjmlo^i `lrmifkd tfqe `ljmibqflk lc lof

pbdobd^qflk fp klq abmbkabkq lk ^ crk`qflk^i Sbo,ifkh^db tfqe qeb afsfpflk ^mm^o^qrp+ ^ka ifhbiv ^ipl

klq abmbkabkq lk LrhADE- Sebv croqebo pelt qe^q ^oqfcf`f^iiv fk`ob^pfkd qeb qfjb lc pfpqbo lof

&`lebpflk& fkqbocbobp tfqe kloj^i qbo `bkqo^ifw^qflk+ ^ka `^k ib^a ql qeb dbkbo^qflk lc sf^_ib `biip tfqe

^k fksboqba lof,qbo ^ufp- Seb a^q^ ^ipl ib^a ql ^ obcfkbjbkq fk qeb mlpfqflkfkd lc lof obi^qfsb ql qeb `bii

'pifdeq _f^p qlt^oap `bii mlibp( ^ka qeb _rih kr`iblfa '^ipl ibpp `bkqo^i qe^k `roobkqiv qelrdeq(-

Nsbo^ii+ qeb obpriqp ^ob `lkpfpqbkq tfqe jlabip fk tef`e _lqe _rih pbdobd^qflk lc qeb `eoljlpljb

^ka o^mfa qbo `bkqo^ifw^qflk ^ob bkqolmv aofsbk mol`bppbp-

Seb nr^kqfqv ^ka nr^ifqv lc a^q^ ^ka fqp mobpbkq^qflk 'tofqfkd ^ka cfdrobp( fp efde lsbo^ii+ ^ka qeb

obpriqp ^ob _lqe fkqbobpqfkd ^ka fjmloq^kq-

Vb qe^kh qefp obsfbtbo clo qebfo `ljjbkqp-

Bofqfnrbp ^ob qe^q pljb lc qeb ^rqelop ^ppboqflkp j^v _b lsbopq^qba+ ^ mlppf_ib fkslisbjbkq lc EqpJ

fk qbo `bkqo^ifw^qflk fp fdkloba+ ^ka qe^q qeb ^``ro^`v.rkabopq^kafkd lc pljb qbuq ^ka cfdrobp `^k _b

fjmolsba-

Rmb`fcf` obj^ohp

0( Kfkb ^ka m^db krj_bop tlria e^sb obkaboba obsfbt lc qeb j^krp`ofmq jlob bccf`fbkq-

Vb e^sb ^aaba m^db krj_bop ql qeb obsfpba j^krp`ofmq-

1( O^db 1+ i^pq pbkqbk`b-

Seb ^rqelop ^ppboq qe^q &lro obpriqp pelt qe^q qeb jfa,`bii mlpfqflkfkd lc qeb qbojfkrp obdflk fp klq

arb Zql[ fqp obmif`^qflk _v jfa,`bii molufj^i obmifpljbp lo fqp ifkh^db ql qeb afsfpljb&-

H e^sb qtl `ljjbkqp9

^( @p qeb ^rqelop kbfqebo pqrav lofB `lebpflk klo obmifpljbp fk qeb j^krp`ofmq+ fq fp klq `ib^o elt

qeb obpriqp mobpbkqba pelt qe^q &qeb jfa,`bii mlpfqflkfkd lc qeb qbojfkrp obdflk fp klq arb Zql[ fqp

obmif`^qflk _v jfa,`bii molufj^i obmifpljbp&- Hc `lebpflk lc kbtiv obmif`^qba lofB&p tbob ql bu`bba x

14 jfk lo pl rkabo qebpb pmb`fcf` doltqe `lkafqflkp fk qeb jlqebo,j^`efkb+ fq fp `lk`bfs^_ib qe^q

obmifpljbp fkabba ob^`eba qbo ^olrka qeb qfjb lc fqp `bkqo^ifw^qflk 'f-b- x 14 jfk ^cqbo fkfqf^i

pbm^o^qflk lc obmif`^qba lof&p+ ^iiltfkd clo ^ B,mbofla lc x4/ jfk(- Rl+ mib^pb _bqqbo bumi^fk ql qeb

ob^abo te^q qefp ^ppboqflk fp _^pba lk-



Seb obmifpljb m^oq lc qefp pq^qbjbkq fp fkabba lrq lc mi^`b ^q qefp mlfkq fk qeb j^krp`ofmq 'qeb

fkqolar`qflk(- Hq fp afp`rppba i^qbo fk qeb obpriqp pb`qflk ^ka afp`rppflk ^ka obcbop ql mobsflrp tloh

^ka qeb c^`q qe^q tb l_pbosb ^ sbov _ol^a afpqof_rqflk fk qeb qfjb _bqtbbk lof armif`^qflk ^ka qbo

`bkqo^ifp^qflk- Llob pmb`fcf`^iiv+ qeb `lbccf`fbkq lc s^of^qflk 'BU( lc qeb B,mbofla e^p _bbk ob`bkqiv

jb^proba fk klq sbov afccbobkq doltqe `lkafqflkp ^q x/-04 'Blifk bq ^i 1/10+ Difcb(+ tebob^p tb cfka

qe^q qeb qfjb _bqtbbk lof armif`^qflk ^ka qbo `bkqo^ifp^qflk e^p ^ BU<pa.jb^k<12-1.15-4</-77- Seb

i^odb afccbobk`b fk qeb s^of^qflk lc qeb qtl nr^kqfqfbp fp klq `lkpfpqbkq tfqe `bkqo^ifp^qflk _bfkd arb ql

cloh moldobppflk , tb tlria bumb`q ^ jr`e qfdeqbo afpqof_rqflk fc qe^q t^p qeb `^pb- Gltbsbo+ tb

^`hkltibadb qe^q tb al klq afob`qiv pelt qe^q cloh moldobppflk fp klq obpmlkpf_ib clo qeb qfjfkd lc

qbo `bkqo^ifp^qflk- Vb e^sb objlsba qeb `ljjbkq colj qeb fkqolar`qflk ^ka klt obcbo ql qeb BU

jb^probjbkq ^_lsb fk qeb obpriqp pb`qflk-

_( Seb ^rqelop molsfab bsfabk`b qe^q qeb Sbo,ifkh^db 'EqpY,Y^m@,Y^mA,L^qO( _bqtbbk qbo ^ka qeb

afsfpljb fp klq obnrfoba clo qbo `bkqo^ifw^qflk- Gltbsbo+ qeb ifkh^db _bqtbbk EqpJ 'afsfpljb( ^ka qbo

CM@ t^p klq bu^jfkba- Rl+ qeb i^qqbo m^oq lc qeb pq^qbjbkq pbbjp qll _ol^a ^p tbii-

EqpJ fp obnrfoba clo qeb loaboba segregation lc qeb 1//h_ obdflk proolrkafkd qeb afc pfqbp fk qeb qbo

obdflk ^q qeb bka lc qeb `bii `v`ib ^ka fq obnrfobp L^qO clo qefp 'Rqlrc bq ^i- OM@R 1/02+

0/-0/62.mk^p-02/3/7/00/(- Sl lro hkltibadb+ qebob fp kl bsfabk`b qe^q EqpJ fp fkslisba fk qeb

jr`e b^oifbo mol`bpp lc `bkqo^ifp^qflk- Hkabba+ EqpJ fp lkiv ^`qfsb peloqiv _bclob ^ka arofkd pbmqrj

`lkpqof`qflk 'obc 20+ 21 lc Rqlrc bq ^i-( ^ka `bkqo^ifp^qflk fp rk`e^kdba fk ^k cqpJ'@SO,( jrq^kq 'F^iif

bq ^i+ OKlR Fbkbqf`p+ 1/06+ 0/-0260.glrok^i-mdbk-0//56/1(-

Mbsboqebibpp+ tb klt `i^ofcv qe^q qeb pq^qbjbkq obcbop pmb`fcf`^iiv ql qeb Sbo,ifkh^db-

2( Bbii doltqe o^qbp+ cl`rp sbil`fqfbp-

^( Ve^q &mbo jfkrqb& rkfqp clo doltqe o^qbp ^ob rpba clo Efd- R0`+a+ R1`+ ^ka R6b> Relria qefp _b

jf`oljbqbo mbo jfkrqb> Hc pl+ tev klq rpb ^ k^kljbqbo mbo jfkrqb p`^ib> Seb jriqfmifbop ^q qeb qlm

lc qeb X,^ubp ^ob b^pv ql jfpp-

Seb doltqe o^qb fp qeb o^qb ^ppl`f^qba tfqe qeb bumlkbkqf^i doltqe lc fkafsfar^i `biip- Elo b^`e `bii

`v`ib+ fq fp clrka _v cfqqfkd qeb `bii ^ob^ fk qfjb ql ^k bumlkbkqf^i- Hq e^p rkfqp lc jfk\,0 ^p fkaf`^qba-

Sefp bumi^k^qflk t^p rkcloqrk^qbiv lkiv jbkqflkba fk qeb ibdbka ql Efd- R1 ^ka klq fk R0- Sefp e^p

_bbk `loob`qba ^ka ^ipl bumi^fkba fk qeb jbqelap-

_( Rfjfi^oiv+ qeb jriqfmifbop fk qeb cl`rp sbil`fqv m^kbip 'Efd-3_+a+ 4_+a+ R5e+f( ^ob e^oa ql pbb+ pl H&a

ob`ljjbka ^ k^kljbqbo mbo jfkrqb p`^ib-

Clkb-

`( Ve^q ^ob &doltqe o^qbp clo `bii `v`ibp& fk qeb ibdbka ql Efd-R0`>

Sebv ^ob qeb doltqe o^qbp ^p ^_lsb- Seb ibdbka e^p klt _bbk obmeo^pba- Mlqb qe^q fc ^k

bumlkbkqf^iiv,doltfkd `bii bu^`qiv alr_ibp fk pfwb lsbo qeb `bii `v`ib qebk fqp `bii `v`ib aro^qflk

<ild'1(.doltqe o^qb- Gltbsbo+ pfk`b `biip al klq bu^`qiv alr_ib fk pfwb '^ka `^k absf^qb colj

bumlkbkqf^i doltqe(+ qebpb qtl nr^kqfqfbp ^ob klq fabkqf`^i-

3( Efd- R0h+ R2b



Oib^pb abcfkb OCE 'Olfpplk.mlpfqflk afpqof_rqflk crk`qflk.co^`qflk>( fk qeb ibdbkap-

OCE 'mol_^_fifqv abkpfqv crk`qflk( e^p klt _bbk abcfkba fk qeb ibdbkap-

4( O^db 3- &pbm^o^qflk lc qbo cl`f l``rooba grpq _bclob `bii afsfpflk&

Ve^q al vlr jb^k tfqe &`bii afsfpflk&> Seb lkpbq lc `lkpqof`qflk+ lo `bii pbm^o^qflk '_foqe(> Sebpb

bsbkqp ^ob ifhbiv ^q ib^pq 1/ jfk ^m^oq rkabo qebpb doltqe `lkafqflkp-

Hq obcbop ql qeb afsfpflk lc ^ `bii fkql qtl a^rdeqbo `biip 'tb al klq rpb qeb qboj pbm^o^qflk ^p qeb

a^rdeqbo `biip `^k pq^v fk mevpf`^i `lkq^`q(- Kfhb ^ii pqrafbp fkslisfkd fj^db ^k^ivpfp.pbdjbkq^qflk+

qeb ^ppfdkjbkq lc qeb mob`fpb qfjb,mlfkq lc `bii afsfpflk fp pljbte^q ^o_fqo^ov ^ka fp `elpbk _v qeb

pbdjbkq^qflk ^idlofqej- Seb `lkpqof`qflk lc qeb `bii qvmf`^iiv _bdfkp ql _b sfpf_ib fk me^pb `lkqo^pq

1,2 co^jbp '0/,04 jfk( _bclob qeb afsfpflk bsbkq fp `^iiba- Seb m^o^jbqbop lc qeb ^idlofqej tbob

`elpbk _v e^ka ql j^q`e lro �_v bvb� fkqrfqflk- Gltbsbo qeb p^jb m^o^jbqbop tbob rpba ql ^k^ivpb

^ii qeb a^q^ pbqp fk qeb pqrav-

5( O^db 8- Seb ^rqelop klqb &qe^q qeb qfjb _bqtbbk lof armif`^qflk ^ka qbo `bkqo^ifw^qflk fp

ab`ob^pba fk _lqe Sbo,ifkh^db jrq^kqp `ljm^oba ql tfia,qvmb&+ _rq qefp fp afccf`riq ql fkcbo colj qeb

cfdrobp-

^( Glt jr`e peloqbo> Oboe^mp ^ q^_ib tfqe obibs^kq krj_bop `^k _b ^aaba>

Seb sflifk milqp ^ob peltk fk Efd- R4D ^ka R5F ^ka qeb jb^k+ pa ^ka jbaf^k s^irbp ^ob dfsbk fk

qeb ibdbkap- Gltbsbo+ qeb s^irbp dfsbk fk qeb ibdbka clo j^qOB1/ tbob fk`loob`q- Sefp e^p klt

_bbk `loob`qba- Seb qfjfkdp fk qefp pqo^fk ^ob ^`qr^iiv qeb p^jb ^p VS- @p tb boolkblrpiv _^pba

lro `ljjbkq lcc qebpb s^irbp+ lro pq^qbjbkq t^p fk`loob`q-

Hk w^mA+ qeb jbaf^k qfjb afccbobk`b t^p dfsbk ^p 04 jfkp 'jb^k*.,pa< 0/-6 *., 20-7 jfk(

`ljm^oba ql 2/ jfkp '15-4 | 12-1 jfk( fk qeb VS- Gltbsbo+ tb e^sb klt afp`lsboba qe^q qefp fp arb

ql ^ efdebo o^qb lc jfppba lof cl`f fk qe^q pqo^fk 'clo rkhkltk ob^plkp( 'kbt Efdrob R5E(- Vefib qefp

albp klq ^ccb`q qeb hvjldo^mep+ qeb nr^kqfcf`^qflk lc qeb qfjfkd lc lof armif`^qflk 'qeb cfopq co^jb lk

tef`e qtl cl`f ^ob abqb`qba( ^ka ebk`b qeb qfjb afccbobk`b ^ob ^ccb`qba- Vebk tb obpqof`q qeb

^k^ivpfp ql `bii `v`ibp tfqe ;1/$ jfppba 'c^ipb kbd^qfsb( cl`f '_^pba lk qeb qo^`hfkd fkcbooba rpfkd

lro )So^`h ^idlofqej(+ tb l_q^fk ^ pfjfi^o qfjb clo lof armif`^qflk 'rma^qba Efd- R5D(+ `lkpfpqbkq tfqe

qeb hvjldo^mep- Serp tb al klq _bifbsb qe^q qebob fp ^ pfdkfcf`^kq afccbobk`b fk qeb qfjfkdp _bqtbbk

bfqebo jrq^kq ^ka VS- Gltbsbo fq fp fjmloq^kq ql jbkqflk qe^q Sbo fp jlob jl_fib fk qeb j^qOB1/

pqo^fk `ljm^oba ql VS- Rbb qeb `ljjbkq lc Qbsfbtbo 1 _bilt-

@p ^ obpriq lc qeb ^_lsb+ qeb `fqba pq^qbjbkq ^ka obi^qba qbuq e^sb _bbk `loob`qba-

_( Cl lof ^ka.lo qbo cl`f jlsb c^pqbo+ lo fp qeb mbofla _bqtbbk lof armif`^qflk ^ka lof jlsbjbkq

peloqbkba>

Seb cl`f lc _lqe lof ^ka qbo al klq ^mmb^o ql jlsb pfdkfcf`^kqiv c^pqbo '`ljm^ob Efd- 3A+C tfqe Efd-

4AC(-

`( Vev tlria ^ abcb`qfsb Sbo,ifkh^db e^sb qefp bccb`q>

Sefp `ljjbkq fp kl ilkdbo obibs^kq arb ql lro obpmlkpb ql mlfkq ^(-



6( O^db 8- Seb ^rqelop `lk`irab & qe^q qeb jfdo^qflk lc qbo ql jfa,`bii+ ^ka fqp j^fkqbk^k`b qebob+

albp klq obnrfob qeb ifkh^db lc qeb qbojfkrp obdflk ql qeb afsfpljb &- Gltbsbo+ qebv fdklob qeb c^`q

qe^q+ _bpfabp qeb Sbo,ifkh^db+ EqpJ ^ipl fkqbo^`q tfqe qeb qbojfkrp obdflk- Selrde EqpJ ^`qfsfqv j^v

m^oqiv abmbka lk qeb Sbo,ifkh^db+ H alk&q _bifbsb fq e^p _bbk oriba lrq qe^q EqpJ `^k pqfii _fka qbo+ ^ka

mboe^mp ebim afob`q fqp il`^qflk+ fk qeb ^_pbk`b lc ^ crk`qflk^i Sbo,ifkh^db- Hc fq e^p+ mib^pb bkifdeqbk

qeb ob^abo-

^( Rl+ qefp pq^qbjbkq pbbjp qll _ol^a+ ^ka H&a ob`ljjbka obtofqfkd fq 'pbb ^ipl mlfkq 1 ^_lsb(-

_( Hq ^ipl o^fpbp qeb fkqbobpqfkd ^ka obibs^kq nrbpqflk fc EqpJ fp qebk mboe^mp fkslisba fk qbo

`bkqo^ifw^qflk fk tq ^ka.lo Sbo,ifkh^db jrq^kq `biip- G^sb qeb ^rqelop mboclojba pfjfi^o bumbofjbkqp

tfqe ^mmolmof^qb cqpJ jrq^kqp 'b-d- i^`hfkd qeb EqpJ B,qbojfkrp(>

@p pq^qba ^_lsb+ EqpJ fp lkiv ^`qfsb grpq _bclob afsfpflk ^ka fp fkslisba fk qbo pbdobd^qflk ^q qeb bka

lc qeb `bii `v`ib '^p tbii fqp mofj^ov olib fk afjbo obplirqflk(- Sebob fp kl bsfabk`b qe^q fq e^p ^ olib

fk qeb b^oifbo mol`bpp lc `bkqo^ifp^qflk-

Hk ^kv `^pb+ qeb fkqbkq lc lro pq^qbjbkq t^p qe^q qeb Sbo,ifkh^db 'EqpY,Y^m@,Y^mA,L^qO( fp klq

obnrfoba- Vb e^sb klt `i^ofcfba qefp-

7( O^dbp 0/,00- Seb ^rqelop kf`biv pelt qe^q ^oqfcf`f^iiv fk`ob^pfkd qeb qfjb lc pfpqbo lof &`lebpflk&

fkqbocbobp tfqe kloj^i qbo `bkqo^ifw^qflk- @ `lksbopb bumbofjbkq tlria _b ql ab`ob^pb qeb pfpqbo lof

`lebpflk mbofla+ tef`e fp l_pbosba tebk `biip jlabpqiv lsbomolar`b SlmlHU 'V^kd]F%C 1//7(-

Vlria b^oiv `ljmibqflk lc lof pbdobd^qflk ^ipl obpriq fk &b^oiv& qbo `bkqo^ifw^qflk+ lo tlria qefp `^rpb

qbjmlo^i rk`lrmifkd lc qeb bsbkqp> G^sb qeb ^rqelop `lkpfaboba.qofba qefp>

Vb ^ob qe^khcri clo qefp bu`biibkq prddbpqflk- Vb l_q^fkba qeb mVW24 mi^pjfa rpba fk V^kd bq ^i-

1//7+ colj qeb Blokbq K^_ 'Slrilrpb(+ tel e^sb rpba fq fk `lkgrk`qflk tfqe qeb O^oA i^_biifkd

mi^pjfa 'Bolw^q bq ^i 1/1/(- Vb fkfqf^iiv cliiltba Bolw^q bq ^i ^ka bu^jfkba `biip `lkq^fkfkd _lqe

mi^pjfap- Gltbsbo+ tb clrka qe^q qeb mobpbk`b lc qeb p^jb mAQ211 lofdfk lk _lqe obpriqba fk

fk`ob^pba ebqboldbkbfqv fk qeb jSronrlfpb1,O^oAO0 pfdk^i- Vb qebobclob `ilkba qeb SlmlHU dbkbp

rkabo qeb OA@C moljlqbo colj mVW24 fkql lro ori i^_biifkd mi^pjfa- Gltbsbo+ rpfkd lro doltqe

`lkafqflkp 'tef`e ^ob pfjfi^o ql Bolw^q bq ^i(+ tb clrka kl afp`bokf_ib afccbobk`b fk lof

pbdobd^qflk.`lebpflk `ljm^oba ql VS- Sefp t^p clrka ql _b ^qqof_rq^_ib ql pqolkd dir`lpb fkef_fqflk

lc qeb ^o^_fklpb moljlqbo 'bsbk ^q ^o^_fklpb `lk`bkqo^qflk lc /-1$(- Vebk tb ptfq`eba ql div`boli

^p qeb `^o_lk plro`b+ ^p fk qeb lofdfk^i tloh _v V^kd bq ^i+ tb `lria l_pbosb qeb qluf` bccb`qp lc

SlmlHU lsbobumobppflk colj ^p ifqqib ^p /-//0$- Selrde tb tbob ^t^ob lc qeb bccb`q lc `^q^_lifqb

obmobppflk _v dir`lpb lk qeb ^o^_fklpb moljlqbo+ qeb pqobkdqe lc qeb bccb`q t^p rkbumb`qba+

bpmb`f^iiv ^p Bolw^q bq ^i `i^fjba ql e^sb rpba qeb p^jb `lkpqor`q pr``bppcriiv lk L8 dir`lpb-

Hk ^kv `^pb+ tb ptfq`eba ql jbaf^ tfqe div`boli ^p qeb `^o_lk plro`b ^ka bu^jfkba qeb bccb`q lc

jfia lsbobumobppflk lc SlmlHU 'rpfkd /-///4$ ^o^_fklpb+ ^p lro `lj_fkba mi^pjfa ^mmb^oba ql

e^sb pifdeqiv iltbo bumobppflk+ ^p jb^proba _v qluf`fqv+ qe^k qeb lofdfk^i mVW24 mi^pjfa(- Blkqo^ov

ql mobsflrp obmloqp+ tb clrka qe^q `biip+ lk ^sbo^db+ e^sb fk`ob^pba ori `lebpflk qfjbp- Sefp t^p

^mm^obkq fk ^ abi^v fk ori armif`^qflk qfjfkd '37 jfkrqbp ^ka 66 jfkrqbp clo VS ^ka SlmlHU

lsbobumobppflk obpmb`qfsbiv(+ abpmfqb `ljm^o^_ib doltqe o^qb ^ka afsfpflk qfjbp- Selrde ^ abi^vba

fkfqf^qflk lc obmif`^qflk fk SlmlHU lsbobumobppfkd `biip `^kklq _b oriba lrq+ tb clrka qe^q pljb

SlmlHU lsbobumobppfkd `biip afpmi^vba ^ pfkdib+ _ofdeq ori cl`rp clo jlpq lc qeb `bii `v`ib+ prddbpqfkd

^ armif`^qba+ _rq `lebpba ori 'Efd- R0/(- @aafqflk^iiv+ pljb SlmlHU lsbobumobppfkd `biip ^mmb^oba



bilkd^qba ^ka l``^pflk^iiv molar`ba ^kr`ib^qb `biip+ croqebo prddbpqfkd ^k fk`ob^pb ^ka klq ^

ab`ob^pb fk ori `lebpflk- Mlqb qe^q lro obpriqp ^ob _^pba lk `biip qe^q tbob rkabodlfkd `lkqfkrlrp

fkar`qflk tef`e jfdeq e^sb pljb dil_^i bccb`qp qe^q ib^a ql fk`ob^pba `lebpflk qfjbp tef`e tlria

klq e^sb _bbk l_pbos^_ib fk peloq aro^qflk bumbofjbkqp ^p tbob qeb `^pbp tfqe jlpq lc qeb

mobsflrp pqrafbp qe^q fksbpqfd^qba qeb bccb`q lc SlmlHU lsbobumobppflk- Llob tloh fp obnrfoba ql

rkabopq^ka qeb crii bccb`qp lc SlmlHU lsbo,bumobppflk-

Qbqrokfkd ql qeb dl^i lc mboqro_fkd qeb lof,qbo `lrmifkd+ tb clrka qe^q abpmfqb qeb ^_kloj^ifqfbp

`^rpba _v SlmlHU lsbobumobppflk+ ter `bkqo^ifw^qflk obj^fkba `lfk`fabkq tfqe qeb `ljmibqflk lc ori

pbdobd^qflk 'Efd- R0/B+ C(- Gltbsbo tb ^ob ebpfq^kq ql ao^t `lk`irpflkp _b`^rpb lc afp`obm^k`fbp

fk qeb obmloqba mebklqvmb lc jfia SlmlHU lsbobumobppflk ^ka al klq pqobpp qefp obpriq fk qeb obsfpba

j^krp`ofmq-

8( Lbqelap

^( Rqo^fkp QL18 ^ka QG2 ^ob jfppfkd colj Ŝ _ib R0-

@aaba

_( Ŝ _ib R1- Oib^pb molsfab ^ molmbo dbklqvmb lc mi^pjfap+ fk`irafkd lofdfk lc obmif`^qflk+ ^kqf_flqf`

obpfpq^k`b j^ohbop+ ^ka obibs^kq 'fkar`f_ib( moljlqbop ^ka crpba dbkbp-

Tma^qba

`( O^db 04+ jbafrj- Ml ^kqf_flqf` fp jbkqflkba- Rl+ t^p ^kqf_flqf` ql pbib`q clo m^oA mi^pjfap

'@jm>( ibcq lrq lc qeb doltqe jbafrj fk qeb mob,`riqrob ^ka qeb jlqebo,j^`efkb>

Xbp- Oob`riqrob 'L8,Fir`lpb.Fiv`boli( ^ka qeb doltqe jbafrj 'L8,Fir`lpb.Fiv`boli*/-4 jd.jK

AR@*4/ �L( fk qeb jlqebo j^`efkb afa klq fk`irab @jmf`fiifk-

0/( Rljb lqebo mlfkqp

^( O^db 6- Xlr jb^k 'Efd-0C+ Efd-R0G( o^qebo qe^k 'Efd-0B+ Efd-R0F(>

_( O^db 8+ qlm- Xlr jb^k 'Efd- R5 D+E+G+H( o^qebo qe^k 'Efd- 5 D+E+G+H(>

`( Kbdbka ql Efd- R4`- Hk`ljmibqb pbkqbk`b-

a( Kbdbka ql Efd- R5- O^kbip G ^ka H ^ob jfpi^_biba F ^ka G-

Bloob`qba

Qbsfbtbo #1 'Qbj^ohp ql qeb @rqelo(9



Seb j^krp`ofmq _v R^aefo bq ^i- abp`of_bp ^ `lloafk^qba jlsbjbkq lc qeb obmif`^qflk lofdfk 'lofB(

^ka qbojfkrp 'qboB( obdflk lc D- `lif `eoljlpljbp fk pilt,doltqe `lkafqflkp- Hq fp ^ `^obcri

nr^kqfq^qfsb pqrav qe^q bir`fa^qbp qeb avk^jf`p lc `eoljlpljbp arofkd qeb `bii `v`ib- Seb tloh

jlpqiv obsfpfqp ^iob^av,hkltk cfkafkdp _rq albp fq jlob nr^kqfq^qfsbiv qe^k qeb b^oifbo pqrafbp- Seb

j^fk obpriq+ �Lfa,`bii jfdo^qflk lc qeb `eoljlplj^i qbojfkrp fp `lrmiba ql lofdfk pbdobd^qflk fk

Dp`ebof`ef^ `lif� 'qeb qfqib lc qeb j^krp`ofmq(+ e^p _bbk obmloqba _v A^qbp ^ka Jib`hkbo 'Bbii 1//4(9

�Rqofhfkdiv+ `lk`ljfq^kq tfqe qefp qo^kpfqflk+ qbo ^ka qeb qbo,pfab lofdfk ptfq`e mlpfqflkp- Z--[ qbo jlsbp

fkt^oa qlt^oa jfa`bii tefib qeb qbo,pfab lofdfk _b`ljbp il`^ifwba ql qeb 0.3 mlpfqflk+ pvjjbqof`^i ql

fqp pfpqbo ^q qeb 2.3 mlpfqflk-�

Vb ^ob `ib^o obd^oafkd lro ^dobbjbkq tfqe A^qbp ^ka Jib`hkbo- Gltbsbo+ tb mlfkq lrq qe^q lro

efde,qeolrdemrq pqrav fp _^pba lk qfjbi^mpb fj^dfkd lc ifsb `biip ^q 4 jfk fkqbos^ip+ tebob^p A^qbp

^ka Jib`hkbo rpba EHRG fj^dfkd lc cfuba `biip q^hbk colj ^ pvk`eolkfpba `riqrob ^q 04 jfk

fkqbos^ip- Sebobclob tb `^k jlob mob`fpbiv ^k^ivpb qeb qfjfkd lc qeb qtl bsbkqp 'nr^kqfcvfkd qeb

o^mfakbpp lc qbo `bkqo^ifp^qflk ^ka peltfkd qe^q fq fp `lfk`fabkq tfqe completion lc lof pbdobd^qflk(

^ka tb molsfab bsfabk`b qe^q qeb obi^qflkpefm fp klq grpq ^ `lfk`fabk`b _rq o^qebo qe^q qeb qtl bsbkqp

^ob `lrmiba- Eroqebojlob qeb `elobldo^mev lc lof ^ka qbo arofkd qeb `bii `v`ib mobpbkqba fk A^qbp

^ka Jib`hkbo 'lof ^q qeb badb lc qeb kr`iblfa ^q _foqe bq`( e^p _bbk i^odbiv kbdib`qba fk c^slro lc qeb

�qo^kpsbopb� lod^kfp^qflk lc pr_pbnrbkq pqrafbp _v qeb i^_p lc Rqr^oq @rpqfk ^ka C^sb Reboo^qq ^ka

mobpbkqbkqba fk ^ijlpq ^ii obsfbtp pfk`b qebk 'V^kd bq ^i+ 1/02 M^qrob Qbsfbtp Fbkbqf`p: V^kd %

Qrakbo 1/03 Broo- Nmfk- Lf`ol-: A^aofk^o^v^k^k bq ^i 1/04+ @kkr- Qbs- Bbii Cbs- Afli-:

Qbvbp,K^jlqeb % Reboo^qq- 1/08 M^qrob Qbs- Fbk- (- Vefib qeb �qo^kpsbopb� pqrafbp afa fj^db ifsb

`biip 'qelrde mofj^ofiv pk^mpelq ^k^ivpbp(+ qebv dbkbo^iiv afa klq pfjriq^kblrpiv fj^db qeb kr`iblfa

'ifhb A^qbp ^ka Jib`hkbo+ Bbii 1//4(- Serp+ lro pqrav cfiip ^k fjmloq^kq d^m `lkkb`qfkd qebpb tlohp

^ka nr^kqfcfbp qeb avk^jf` ^ka mlpfqflkfkd lc lof ^ka qbo obi^qfsb ql qeb kr`iblfa fk ifsb `biip fk

rkmob`babkqba abq^fi-

Seb jlpq fkqbobpqfkd.klsbi cfkafkd colj qefp tloh fp qe^q tfqelrq pmifqqfkd lc lofB,molufj^i cl`rp+ qeb

Sbo pqfii jlsbp ql jfa`bii ^iqelrde lkiv clo peloq mbofla lc qfjb- Hq fp qebk fkpqb^a il`^ifwfkd ql qeb

kr`iblfa mbofmebov fk `biip tebob qeb lof,cl`f obj^fk ^q qeb jfa`bii- Seb jlqflk ql qeb jfa`bii

^mmb^op ql _b aofsbk _v CM@ obmif`^qflk-

H tlria e^sb bumb`qba pljb jb`e^kfpqf` fkpfdeqp lo jlabifkd ^ofpfkd colj qeb a^q^ ql _b fk`iraba-

Qbpmb`qcriiv+ tefib jlabiifkd lof pbdobd^qflk ^ka qbo `bkqo^ifp^qflk fp ^ `ib^o kbuq pqbm+ fq fp

ob^plk^_iv ibcq clo crqrob tloh- Olivjbo jlabiifkd lc ^ obmif`^qfkd CM@ mlivjbo fp ^ i^odb

bkab^slro+ bpmb`f^iiv fc qeb klk,bnrfif_ofrj bccb`q lc ^`qfsb obmif`^qflk fp ql _b `lkpfaboba ^ka tb

^iob^av e^sb 5 j^fk cfdrobp ^ka 8 RH cfdrobp- Oolmbo jlabiifkd+ tlria ^ipl obnrfob qeb fk`lomlo^qflk

lc CM@ `ljm^`qflk ^ka pljb p`ebjb clo lof pbdobd^qflk ql+ ^ka j^fkqbk^k`b ^q+ qeb `bii nr^oqbop+

qeb jb`e^kfpj clo tef`e fp rkhkltk-

L^fk mlfkqp lc `ofqf`fpj9

0( Sebob fp kl jb`e^kfpqf` fkqbomobq^qflk lc cfkafkdp+ tef`e jlpqiv e^sb _bbk hkltk _bclob- Vfqelrq

jlabi qeb fjm^`q lc qeb tloh tfii _b jlabpq-

Vb molsfab ^k fkqbomobq^qflk lc lro cfkafkdp fk qeb afp`rppflk pb`qflk- Vb _bifbsb lro obpriqp ^ob

`lkpfpqbkq tfqe qeb molmlp^i lc Xlrkdobk bq ^i 1/03 qe^q qeb `eoljlpljb fp ^ pbic,^slfafkd ofkd



mlivjbo ^ka qe^q qbo `bkqo^ifp^qflk fp aofsbk _v qeb mlivjbof`.bkqolmf` bccb`qp ^`qfkd lk qeb

obmif`^qfkd mlivjbo- Sefp `ljjbkq ^ipl fdklobp qeb klsbiqv lc lro obpriqp- Xbp+ `eoljlpljb

lod^kfp^qflk fk D- `lif e^p _bbk pqrafba clo j^kv vb^op _rq tb e^sb j^ab ^k fjmloq^kq `lkqof_rqflk

ebob _v lro 0( efde,qeolrdemrq+ pqb^av,pq^qb nr^kqfcf`^qflk+ ^ka 1( fabkqfcf`^qflk ^ka qbpqfkd lc ^

`lrmifkd _bqtbbk qbo `bkqo^ifp^qflk ^ka qeb `ljmibqflk lc lof pbdobd^qflk-

1( Sfqib ^ka qeb pb`qflk �qbo `bkqo^ifp^qflk fp `lrmiba ql+ ^ka obnrfobp+ lof pbdobd^qflk� fk Cfp`rppflk-

Vebk lof obdflk fp `olppifkhba _v BEO,O^oA+ qbo `bkqo^ifw^qflk pqfii l``rop+ ^iqelrde clo ^ peloq

mbofla- Hq pbbjp ql jb ql `lkqo^af`q qeb pq^qbjbkq qe^q lof pbdobd^qflk fp obnrfoba clo qeb qbo

`bkqo^ifw^qflk-

Kfhb qeb qfqib lc qeb `loobpmlkafkd obpriqp pb`qflk+ qeb qfqib pelria e^sb _bbk �Stable qbo

`bkqo^ifp^qflk fp `lrmiba ql+ ^ka obnrfobp+ lof pbdobd^qflk�-

2( Seb ^ifdkba ^ka ^sbo^dba hvjldo^me fk Efd- 3 pelt s^ov o^mfa jlsbjbkq lc qeb Sbo cl`rp- Rr`e

obmobpbkq^qflk lsboillhp qe^q Sbo `^k cobnrbkqiv lsbopellq jfa`bii mlpfqflk 'Xlrkdobk bq ^i

FbkbpCbs 1/03(+ qe^q qeb cl`rp `^k pmifq ^ka qe^q fk fkafsfar^i `biip qeb jlsbjbkq lc Sbo cl`rp

^`olpp qeb kr`iblfa `^k _b l_pbosba- Hk lqebo tloap+ qeb jlsbjbkq lc qeb Sbo colj qeb kbt mlib

pfab ql kr`iblfa jfaaib q^hbp jr`e jlob qfjb qebk qefp hvjldo^me peltp-

@sbo^dba hvjldo^mep jrpq fkabba _b ^mmol^`eba `^rqflrpiv ^p qeb ^sbo^db mf`qrob j^v klq

kb`bpp^ofiv _b obmobpbkq^qfsb lc qeb fkafsfar^i `biip- Vefib qeb mlpfqflk afpqof_rqflk fp sbov k^oolt+

fkafsfar^i qo^`hp `^k pqfii buef_fq pr_pq^kqf^i jl_fifqv+ grpq qeb ^sbo^db mlpfqflk fp tbii abcfkba-

Vb qofba ql _b `^obcri ^_lrq qefp ^ka obcbooba ql hvjldo^mep lkiv ^p �fkaf`^qfkd qe^q qeb jfdo^qflk �

fp obi^qfsbiv o^mfa `ljm^oba ql fqp jlsbjbkq ^q lqebo qfjbp�- Llob fjmloq^kqiv+ qefp fp qeb ob^plk

qe^q tb ^k^ivpb qeb sbil`fqv lc Sbo fk qeb fkafsfar^i `bii `v`ibp 'm^kbip A ^ka C(-

Hjmloq^kqiv+ tb ^ipl peltba qe^q qeb co^jb tfqe qeb i^odbpq qbo jlsbjbkq `lfk`fabp jlpq cobnrbkqiv

tfqe qeb ^ppfdkba qfjb lc pq^_ib `bkqo^ifp^qflk+ prmmloqfkd qeb pe^om qo^kpfqflk fk qeb ^ifdkba

hvjldo^mep 'tb klt ^ipl al qeb p^jb clo qeb qtl jrq^kqp 'Efd- R4@,B((-

Gltbsbo+ Sbo lsbo,pellqfkd albp e^mmbk fk ^ jfklofqv lc VS `biip ^ka fk m^oqf`ri^o fk qeb L^qOB1/

jrq^kq+ tef`e tb bumif`fqiv jbkqflk 'mobsflrpiv klqba fk Lykkfh bq ^i 1/05(- Gltbsbo tb al klq

rkabopq^ka qeb obcbobk`b ql Xlrkdobk bq ^i- Se^q fp ^ pqrav lc c^pq lsbo,i^mmfkd doltqe `lkafqflkp+

klq qeb pilt doltqe pqrafba ebob ^ka tb `^k cfka kl jbkqflk fk Xlrkdobk bq ^i lc Sbo lsbopellqfkd

jfa`bii-

Vb klt molsfab Sbo qo^`hp colj ^ o^kalj pbib`qflk lc `biip ql molsfab qeb ob^abo tfqe ^ pbkpb lc qeb

s^of^_fifqv fk Sbo avk^jf`p ^ka `bkqo^ifp^qflk 'Efd R4@,B( ^ka pelt qeb afccbobk`bp _bqtbbk qeb

pqo^fkp-

Vb ^ipl nr^kqfcv qeb lsbo,pellqfkd bq` _v `ljm^ofkd qeb qfjb lc qeb cfopq ^mmb^o^k`b lc Sbo ^q

jfa,`bii tfqe qeb qfjb lc pq^_ib `bkqo^ifp^qflk '_^pba lk _bfkd ^q jfa,`bii clo 2 `lkpb`rqfsb co^jbp(

'Efd- R4F,H(- Sebpb qtl qfjbp `lfk`fab 44$ lc qeb qfjb clo VS- Hk qeb lqebo 34$ Sbo qo^kpfbkqiv

bkqbop qeb jfa,`bii obdflk 'ib^sfkd fk bfqebo afob`qflk( ^q ib^pq lkb _bclob _bfkd pq^_ib mlpfqflkba

qebob- Hk o^ob `^pbp+ qefp l``rop sbov b^oiv fk qeb `bii `v`ib ib^afkd ql ^ i^odb afccbobk`b fk qeb qtl



qfjbp- Tkpromofpfkdiv qeb krj_bop ^ob pljbte^q tlopb clo qeb B1/ jrq^kq tfqe ^dobbjbkq fk x3/$

lc `bii `v`ibp-

Seb ^ifdkjbkq mol`barob fk Efd- 3 fp pljbte^q ^o_fqo^ov- Vev kbbap qeb Sbo cl`rp ql _b pq^_ib clo

qeobb `lkpb`rqfsb co^jbp> Ve^q fp qeb lrq`ljb fc afccbobkq `ofqbof^ ^ob rpba>

@ i^odbo s^irb tlria bu`irab ^ i^odbo pr_pbq lc qeb a^q^ 'cl`f `^k _b jfppfkd lk pljb co^jbp ^ka

pl qeb a^q^ pbq fp obar`ba qeb jlob `lkpb`rqfsb co^jbp ^ob obnrfoba: qeb a^q^ pbq tlria ^ipl _b

_f^pba ^d^fkpq `bii `v`ibp fk tef`e qbo `bkqo^ifp^qflk l``rop i^qb fk qeb `v`ib ^ka ^d^fkpq peloq `bii

`v`ibp(- @q 2 co^jbp+ tb clrka qe^q jfppba cl`f afa klq pfdkfcf`^kqiv ^ccb`q qeb fabkqfcf`^qflk lc qeb

pq^_ib `bkqo^ifp^qflk '_irb _^op fk Efd- R4F,H(- Nk qeb lqebo e^ka+ pj^iibo s^irbp e^sb ^ pqolkd

bccb`q lk qeb qfjb lc pq^_ib `bkqo^ifp^qflk arb ql qeb qo^kpfbkq `bkqo^ifp^qflk bsbkqp afp`rppba ^_lsb

b-d- qeb jb^k qfjb lc cfopq `bkqo^ifp^qflk clo qeb VS a^q^ pbq lc Efd- 0 fp x3/ jfk+ `ljm^oba ql x42

jfk clo pq^_ib '2 `lkpb`rqfsb co^jbp( `bkqo^ifp^qflk-

Serp qeb s^irb lc 2 co^jbp fp `elpbk ^p ^k ^o_fqo^ov `ljmoljfpb _bqtbbk qebpb qtl buqobjbp-

Hjmloq^kqiv+ tb rpb qeb p^jb s^irb clo ^ii pqo^fkp-

Vb e^sb klt bum^kaba qeb jbqelap pb`qflk ^ka j^fk qbuq ql bumi^fk qefp-

Lfklo mlfkqp lc `ofqf`fpj9

0( �Vefib fk pljb _^`qbof^ qefp `^k _b afob`qiv ^qqof_rqba ql qeb tbii,pqrafba O^o@AR m^oqfqflkfkd

pvpqbj+ fk lqebo pmb`fbp qefp pvpqbj fp bfqebo klq pqof`qiv bppbkqf^i lo fp ^_pbkq ^iqldbqebo-� � Rljb

obcbobk`bp kbbaba-

Qbcbobk`bp e^sb _bbk ^aaba-

1( �Gbob+ tb rpb efde,qeolrdemrq pfkdib,`bii fj^dfkd ^ka ^k^ivpfp ql nr^kqfq^qfsbiv bpq^_ifpe qeb

`elobldo^mev--� `elobldo^mev ,= jlsbjbkq

Se^kh vlr clo qeb prddbpqflk _rq tb mobcbo �`elobldo^mev� ^p fq _bqqbo obcbop ql qeb mlpfqflkfkd ^ka

jlsbjbkq lc qeb il`f obi^qfsb ql b^`e lqebo ^p tbii ^p ql qeb `bii-

2( �Hkabba+ ^ka promofpfkdiv dfsbk qeb pilt doltqe o^qb+ tb clrka qe^q 04$ lc `biip tbob _lok

tfqe jlob qe^k lkb lof cl`rp 'Efd- R0E(+ fkaf`^qfkd qe^q CM@ obmif`^qflk t^p fkfqf^qba fk qeb mobsflrp

`bii `v`ib-� � Sefp pelria klq _b promofpfkd- Rbb R- Sfors^af,Jofpe^k^k bq ^i Bbii Qbmloqp 1/11 ^ka O-

J^o bq ^i OM@R 1/12-

Sefp ^mmb^op ql _b ^ obcbobk`b ql qeb Rrmmibjbkq^ov Ŝ _ibp lc J^o bq ^i+ tef`e qeb dfsb jb^k

krj_bo lc lof ^q _foqe clo afccbobkq jbaf^9

/-4$ dir`lpb9 ;Sa=<002 jfk+ ;k]lof=<0-87:

/-2$ div`boli *qo^`b bibjbkqp9 ;Sa=<037 jfk+ ;k]lof=<0-5/-

Vefib tb e^sb kl ob^plk ql afpmrqb qefp a^q^+ fq albp klq j^q`e te^q tb l_pbosb clo lro `lkafqflkp

'/-1$ dir`lpb+ ;Sa=<022 jfk+ ;k]lof=<0-03(-

Eroqebojlob+ lsbo qeb vb^op j^kv pqrafbp lk qeb D- `lif `eoljlpljb lod^kfp^qflk e^sb illhba ^q

`biip tfqe ^ alr_ifkd qfjb lc x02/ jfk ^ka ^ipl abp`of_b `biip ^p _bfkd _lok 'mofj^ofiv( tfqe ^ pfkdib



lof9 A^qbp % Jib`hkbo 1//4+ Bbii '014 jfk(+ Mfbipbk bq ^i 1//5 Lli-Lf`ol 50 '004 jfk(+ Jrt^a^ bq ^i

1/02 M@Q '01/ jfk(+ Lyhbiy bq ^i OM@R 1/10 'x04/ jfk(- Nk qeb lqebo e^ka ^q ^ alr_ifkd qfjb lc

x5/ jfk jlpq `biip ^ob _lok tfqe 1 lof 'Xlrkdobk bq ^i 1/03 Fbkbp Cbs+ V^iabk bq ^i 1/05+ Bbii(-

Vb mrq qefp afpm^ofqv altk ql afccbobk`bp fk qeb doltqe `lkafqflkp 'qeb `lk`bkqo^qflkp lc dir`lpb ^ka

div`boli rpba fk qeb `fqba tlohp( ^ka pqo^fkp rpba 'AV16672 lc J^o bq ^i ^ka Sfors^af,Jofpe^k^k bq

^i `ljm^oba ql qeb jlob `ljjlk pqo^fkp rpba clo `eoljlpljb pqrafbp LF0544 ^ka @A0046(-

Hk ^kv `^pb+ tb e^sb klt objlsba qeb meo^pb �^ka promofpfkdiv dfsbk qeb pilt doltqe o^qb�-

3( �Hq t^p ob`bkqiv prddbpqba qe^q qbo `bkqo^ifp^qflk peloqiv mob`babp qeb pq^_ib ^mmb^o^k`b lc ^

`lkpqof`qba._fil_ba kr`iblfa pqor`qrob 'Lykkfh bq ^i-+ 1/05(� � Sefp fp jfpnrlq^qflk lc Lykkfh bq ^i-+

1/05+ tef`e pq^qbp �Seb mboj^kbkq `lkpqof`qflkp+ tef`e tbob mobpbkq rkfkqboormqba rkqfi `biip

afsfaba+ ^mmb^oba fk ^ii pqo^fkp lkiv ^cqbo qeb Sbo obdflk `bkqo^ifwba 'Efdrob 4B(-� Seb qo^kpfbkq

kr`iblfa `lkpqof`qflkp tbob pbbk _bclob Sbo `bkqo^ifw^qflk- Oib^pb `loob`q qeb telib m^o^do^me-

Vb al klq rkabopq^ka qeb mlfkq ebob- Vb obcbo ql qeb stable, f-b- mboj^kbkq+ ^mmb^o^k`b lc kr`iblfa

`lkpqof`qflk- Vb cfka qe^q fq �l``rop pfdkfcf`^kqiv i^qbo '34 jfk( qe^k ter `bkqo^ifp^qflk�- Hk Lykkfh bq

^i+ `lkqfkrlrp.mboj^kbkq '_lqe qbojp ^ob rpba( `lkpqof`qflk l``rop lkiv ^_lrq /-/6)Sa<7 jfk ^cqbo

Sbo `bkqo^ifp^qflk 'Efd- 4B(- Sefp fp ^ pfdkfcf`^kq afccbobk`b-

Vb afa klq nrlqb Lykkfh bq ^i- Vb pfjmiv abp`of_ba fk lro ltk tloap qeb 7 jfk afccbobk`b lc

Lykkfh bq ^i ^p �qbo `bkqo^ifp^qflk peloqiv mob`babp qeb pq^_ib ^mmb^o^k`b lc ^ `lkpqof`qba._fil_ba

kr`iblfa pqor`qrob�-

Hk ^kv `^pb+ ^ sbov ob`bkq mobmofkq 'Flsbop bq ^i+ 1/12 _floufs+ 0/-00/0.1/12-/0-05-413184( e^p

peltk qe^q doltqe jbaf^ e^p ^ pr_pq^kqf^i bccb`q lk tebk fk qeb `bii `v`ib qeb kr`iblfa `lkpqof`qp lo

fkabba fkfqf^qflk l``rop qeolrde qeb `e^kdb fk `bii pfwb- Sebobclob qeb afccbobk`b _bqtbbk lro obpriqp

^ka qe^q lc Lykkfh bq ^i- fp ifhbiv arb ql qeb afccbobkq doltqe `lkafqflkp rpba 'L8*/-2$ div`boli ?

17B sp L8*/-1$ dir`lpb ? 2/B(- Seb m^o^do^me e^p _bbk obmeo^pba ql obcib`q qefp-

4( �Nsbo^ii+ qebpb obpriqp `lkcfoj qe^q qeb jfdo^qflk lc qbo ql jfa,`bii+ ^ka fqp j^fkqbk^k`b qebob+

albp klq obnrfob qeb ifkh^db lc qeb qbojfkrp obdflk ql qeb afsfpljb� � Sefp t^p ^ipl peltk fk

L^kkfh bq ^i 1/05-

Hkabba ^ka fk Dpmbfif bq ^i 1/01- Vb ^`hkltibadb qebpb m^mbop ^ka rpb qeb tloa �`lkcfoj�- Vb klt

j^hb qefp jlob bumif`fq _v tofqfkd �Nsbo^ii+ qebpb a^q^ `lkcfoj mobsflrp obpriqp qe^q �-�-

5( Rb`qflk �Pr^kqfq^qfsb qfjfkdp lc `bii `v`ib bsbkqp� � afp`rppflk tev qfjfkdp e^sb _bbk

pqrafba fkpqb^a lc `bii ibkdqep fp jlob ^mmolmof^qb ql qeb Qbpriqp lo L^qbof^ip ^ka Lbqela pb`qflk-

Vb e^sb jlsba qeb m^o^do^me ql qeb jbqelap ^p obnrbpqba-

6( �Rromofpfkdiv+ dfsbk qeb jb^k 022 jfk `bii `v`ib aro^qflk+ tb clrka qe^q 04$ lc `biip tbob

_lok

tfqe qtl lof cl`f+ qeb j^glofqv lc tef`e al klq fkfqf^qb obmif`^qflk tfqefk qebfo `bii `v`ib 'Efd- R0E(-� �



Seb ^odrjbkq qe^q qeb jb^k alr_ifkd qfjb fp 022 jfk fk qefp doltqe `lkafqflk fp pljbte^q

`lk`bokfkd- Hq jfdeq fjmiv melqlqluf` bccb`qp- Rljb `lkqoli tfqe rki^_biba pqo^fk fp kbbaba-

Rfk`b Sfors^af,Jofpe^k^k bq ^i-+ `fqba ^_lsb+ jb^prob ^ `v`ib aro^qflk lc 002 jfk rpfkd /-4$

dir`lpb ^q 17B+ tb al klq qefkh fq fp rkbumb`qba qe^q rkabo lro `lkafqflkp lc /-1$ dir`lpb ^q 2/B+

tb ^`efbsb ^ aro^qflk lc x022 jfk-

Flsbop bq ^i 1/12 rpb qeb p^jb jbaf^ ^ka fkabba cfka qtl lof ^q _foqe '^p ^ppbppba _v Rbn@ cl`f(-

Gltbsbo+ qebv dolt `biip fk ifnrfa `riqrob ^q 26B ^ka ^`efbsb ^ doltqe o^qb lc /-64 mbo elro '44 jfk

alr_ifkd(- Vb dolt ^q 2/B fk ^ jlqebo j^`efkb absf`b ^ka l_q^fk ^ dolt o^qb lc /-20 mbo elro '022

jfk( tefib fj^dfkd-

Vefib fq fp qorb qe^q melqlqolmf` bccb`qp 'colj _irb ifdeq ql sfpr^ifpb jSronrlfpb1,O^oA( l``ro+ ^p tb

pq^qba fk qeb jbqelap+ qeb lkiv bccb`q tb l_pbosba t^p ^ obi^qfsbiv jfklo 02$ fk`ob^pb fk `v`ib

aro^qflk ^ka ^ii pqo^fkp fj^dba tbob pr_gb`q ql qeb p^jb _irb,ifdeq bumlprob bsbk tebk klq

obnrfoba-

Hk qefp doltqe `lkafqflk+ qeb j^glofqv lc `biip pelria e^sb qtl lofp ^q _foqe-

@p tb pq^qba ^_lsb+ tb al klq l_pbosb qefp ^ka tb pbb kl fk`lkpfpqbk`fbp fk lro a^q^ pbqp+ tef`e

^ob i^odb 'qbkp lc qelrp^kap lc `bii `v`ibp( ^ka l_q^fkba colj pqb^av,pq^qb `lkafqflkp-

Hq fp bumb`qba qe^q _b`^rpb lc klfpb fk qeb fkfqf^qflk qfjfkd+ ^ co^`qflk lc qebpb `biip �al klq fkfqf^qb

obmif`^qflk tfqefk qebfo `bii `v`ib�-

Vb ^dobb qe^q qeb qfjfkd lc fkfqf^qflk fp pr_gb`q ql klfpb- Gltbsbo+ fq fp klq nrfqb qorb qe^q ^ co^`qflk lc

`biip al klq fkfqf^qb fk qebfo `bii `v`ib+ ^q ib^pq klq ^ o^kalj co^`qflk- Hc qefp tbob qorb ^kr`ib^qb

a^rdeqbop tlria _b molar`ba- Q^qebo+ lkiv `biip _lok tfqe qtl lo jlob lof al klq fkfqf^qb tfqefk qebfo

`bii `v`ib ^ka tb afp`rppba qefp fk jlob abq^fi fk ^ ob`bkq tloh 'Jzeibo bq ^i+ 1/12+ Aflmevpf`^i

Ilrok^i(- @ pfjfi^o l_pbos^qflk t^p j^ab clo c^pqbo doltqe `lkafqflkp fk Efd- R1 lc Rf bq ^i 1/08

Broo- Afl 0/-0/05.g-`r_-1/08-/3-/51( ^ka qeb ^rqelop cbiq qefp t^p promofpfkd bklrde ql pq^qb �Sefp

obpriq afpmrqbp qeb evmlqebpfp qe^q ^ `bii ^it^vp bkprobp lkb,ql,lkb fkfqf^qflk,afsfpflk

`loobpmlkabk`b clo bsbov afsfpflk `v`ib-�

H tlria e^sb bumb`qba pljb `lk`irpflk ^_lrq qeb lof,qbo avk^jf`p o^qebo qe^k dlfkd q^kdbkqf^iiv ql

^ afp`rppflk lc alr_ib fkfqf^qflkp-

Sefp abp`ofmqflk fp fk^``ro^qb- Vb afa afp`rpp lof,qbo avk^jf`p- Eroqebojlob alr_ib fkfqf^qflkp tbob

lkiv afp`rppba fk qeb i^pq m^o^do^me lc qeb i^pq pr_pb`qflk lc qeb afp`rppflk- Gltbsbo+ tb e^sb klt

fjmolsba qeb cfopq afp`rppflk ql j^hb `ib^obo qe^q tb _bifbsb lro obpriqp ^ob jlpq `lkpfpqbkq tfqe

bkqolmv,aofsbk pbdobd^qflk-

Qbsfbtbo #2 'Qbj^ohp ql qeb @rqelo(9



Nsbo^ii fjmobppflk

R^aefo ^ka Lroo^v mobpbkq ^k fkqbobpqfkd m^mbo ^aaobppfkd qeb ^db,lia nrbpqflk lc elt _^`qbof^i

`eoljlpljbp pbdobd^qb- Dumbofjbkqp ^ob cl`rpba mofj^ofiv lk rkabopq^kafkd pbdobd^qflk lc qeb

qbojfkrp obdflk- Sefp fp rkabopq^ka^_ib+ ^p qbo buef_fqp ao^j^qf` jlsbjbkqp ^ka fp qeb lkiv

`eoljlplj^i il`rp 'fk D- `lif( hkltk ql ^qq^`e ql `bii pqor`qrob `^m^_ib lc afob`qfkd jlsbjbkq-

Olpfqflkp lc lof+ qbo+ ^ka l``^pflk^iiv qeb kr`iblfa+ ^ob jb^proba fk pilt doltfkd `biip _v qfjb i^mpb

fj^dfkd fk ^ jf`olcirfaf`p pifab- @iqelrde qebob e^sb _bbk 'j^kv"( pqrafbp lc lof ^ka qbo avk^jf`p fk

qtbkqv mirp vb^op+ qebfo ^mmol^`e fp rkfnrb fk qe^q fkafsfar^i `biip ^ob bu^jfkba lsbo qfjb tfqe efde

qbjmlo^i obplirqflk- Hk ^aafqflk+ qebv ^slfa qtl mfqc^iip qe^q e^sb mi^drba j^kv pqrafbp9 afjbof`

cirlobp`bkq q^dp ^ka rkrpr^i pqo^fk _^`hdolrkap- @k^ivpbp ^ob plmefpqf`^qba ^ka ^aebob ql ^

qbojfkrp,pmb`fcf` l_gb`qfsb qeolrdelrq qeb j^krp`ofmq- Sebv `lksfk`fkdiv pelt qe^q mlpfqflkfkd lc qbo

ql jfa`bii+ ^k bsbkq mobprjba ql _b mobobnrfpfqb clo m^oqfqflkfkd lc a^rdeqbo `eoljlpljbp ^q

afsfpflk+ fp fkabmbkabkq lc L^qO,jbaf^qba ifkh^db ql qeb afsfpflk ^mm^o^qrp _rq abmbkabkq lk

pbdobd^qflk lc qeb lofdfk obdflk- Alqe lc qebpb cfkafkdp ^ob rkbumb`qba ^ka fjmloq^kq- Bi^fjp qe^q

lofdfk pbdobd^qflk fp lkiv obnrfoba clo qbo mlpfqflkfkd 'klq qeb _rih kr`iblfa(+ ^ka qe^q `eoljlpljbp

^ob lofbkqba ilkdfqrafk^iiv ^ka klq qo^kpsbopbiv+ ^ob ibpp `lksfk`fkd- Vofqfkd fp `ofpm+ ^ka qeb ^rqelop

e^sb ^k rk`^kkv hk^`h clo ^aaobppfkd nrbpqflkp ^ka `lrkqbo mlfkqp ^q qeb jljbkq qebv l``ro ql

qeb ob^abo-

L^glo `ljjbkqp

0- Bi^fjp qe^q abi^vfkd lofB pbdobd^qflk 'rpfkd ^ afjbof` BEO q^d( albp klq afpormq _rih

kr`iblfa pbdobd^qflk ^ob rkprmmloqba _v qeb a^q^- Vefib qeb bccb`qp lk qbo `bkqo^ifw^qflk ^ob `ib^o+

qebob fp kl bu^jfk^qflk lc kr`iblfa pbdobd^qflk mbo pb- Sefp fp ^ j^glo mlfkq fk qeb m^mbo+ ^aaobppba

fk qeb obpriqp ^ka afp`rppflk- Rbdobd^qfkd kr`iblfap ^ob bsbk ao^tk fk Efdrob 5A '^iqelrde i^_biiba

�lof�(+ ^p fc kr`iblfap tbob bu^jfkba- GT lo C@OH fj^dfkd pelria _b mboclojba ql prmmloq qefp

`i^fj- @iqbok^qfsbiv+ lqebo fkqbojbaf^qb il`f `lria _b i^_biiba+ ^iqelrde qefp tlria _b rkkb`bpp^ofiv

afccf`riq rkibpp qeb qllip ^ob ^iob^av fk e^ka- Hc mlppf_ib+ peltfkd qefp a^q^ fk prmmibjbkq^i tlria _b

rpbcri ql qeb cfbia-

Nro qefkhfkd ebob t^p qe^q pr``bppcri `eoljlpljb pbdobd^qflk fp peltk _v qeb c^`q qe^q _lqe

a^rdeqbo `biip dolt ^ka afsfab kloj^iiv ^ka qebobclob jrpq e^sb fkebofqba ^ '`ljmibqb(

`eoljlpljb colj qeb jlqebo `bii '^p tbii ^p qeb c^`q qe^q tb l_pbosb ori ^ka ter cl`f fk qeb

a^rdeqbop(- Vb e^a peltk qeb afpqof_rqflk lc doltqe o^qbp ^ka `v`ib aro^qflkp fk Efd- R7- Vb klt

pelt bu^jmib fj^dbp lc qeb doltfkd a^rdeqbop 'Efd- R8(-

Gltbsbo+ ql ^ppbpp kr`iblfa pbdobd^qflk jlob afob`qiv ^ka `lkcfoj qe^q fjm^foba lof pbdobd^qflk

albp klq afpormq kr`iblfa pbdobd^qflk+ tb `^k qrok ql lro qofmib,i^_biiba VS pqo^fk 'qe^q e^p kr`iblfa

i^_biifkd(- Hk qefp pqo^fk+ tb pqfii pbb qe^q x/-6$ lc `biip e^sb ^k fksboqba lofbkq^qflk- Seb a^q^ pbq fp

pl i^odb '22482 `bii `v`ibp( qe^q qefp co^`qflk `lkpqfqrqbp lsbo ^ erkaoba `biip- Vb klt molsfab

pljb o^kalj bu^jmibp lc qebpb pr_pbq lc `biip ^ka qebfo a^rdeqbop 'kbt Efd- R8(-

1- Seb ilkdfqrafk^i sboprp qo^kpsbopb ab_^qb 'fc qebob fp lkb( fp klq ^kptboba _v qefp m^mbo-

Kfhb qeb b^oiv EHRG pqrafbp molmlpfkd qeb ilkdfqrafk^i jlabi tfqe `fo`ri^o `eoljlpljb lofbkqba

pfabt^vp fk qeb `bii �lof,^ojp,qbo�+ a^q^ fk qeb `roobkq m^mbo ^ob obpqof`qba ql lof ^ka qbo- Seb

qo^kpsbopb jlabi '�ibcq ^oj,lof,ofdeq ^oj�( lk qeb lqebo e^ka+ t^p _lok colj fj^dfkd pbsbo^i ^oj

il`f- Seb c^`q fp+ jlpq a^q^ bu^jfkfkd fkqbopqfqf^i il`f prmmloq qeb qo^kpsbopb a^q^- H pqolkdiv ^asfpb

plcqbkfkd ^kqf,qo^sbopb,jlabi pq^qbjbkqp fk qeb afp`rppflk pb`qflk �qeb lod^kfw^qflk lc qeb



`eoljlpljb�+ ^ka fkpqb^a cl`rpfkd lk elt qeb `roobkq a^q^ `lkcfojp ^ka buqbkap qeb b^oiv lof.qbo

tloh ^ka elt fq cfqp fkql qeb dob^qbo bslirqflk lc lro sfbt lc D- `lif `eoljlpljb lod^kfw^qflk-

Efopqiv+ tb tlria ifhb ql mlfkq lrq qe^q qeb qo^kpsbopb pqrafbp al klq pfjriq^kblrpiv fj^db lof ^ka

^oj il`rp _rq o^qebo qtl lmmlpfqb ^oj il`f ^ka qebv al klq fj^db qeb kr`iblfa- Sebobclob+ lkiv qeb

mlpfqflk lc qeb il`f tfqefk qeb `biip ^ob jb^proba- @p tb ^ka lqebop e^sb peltk qeb kr`iblfa fp klq

^it^vp `bkqo^iiv mlpfqflkba tfqefk qeb `bii- Hkabba+ fq fp klq rkbumb`qba qe^q fq fp `ilpbo ql qeb kbt

mlib ^q _foqe- Rl qebpb pqrafbp ^ipl e^sb qebfo ifjfq^qflkp- Rb`lkaiv+ qtl efde,qeolrdemrq nr^kqfq^qfsb

pqrafbp 'Xlrkdobk bq ^i 1/03+ B^pp bq ^i 1/05( lc c^pqbo doltqe o^qbp 'x0 elro( qe^q i^_bi ^oj il`f

'^i_bfq pfkdiv( prmmloq ^ ilkdfqrafk^i lod^kfp^qflk- 'Sebpb pelria e^sb _bbk jbkqflkba fk qeb

`loobpmlkafkd obpriqp pb`qflk ^ka klq lkiv fk qeb afp`rppflk-(

@ii qe^q p^fa+ tb e^sb qofba ql _b afmilj^qf` fk lro pq^qbjbkqp ^ka pfjmiv abp`of_b lro obpriqp- Vb

mobprjb qe^q qefp obsfbtbo fp obcboofkd ql lro pq^qbjbkq �Hkabba+ lro tloh peltp qe^q ^ ilkdfqrafk^i

lod^kfw^qflk `^k l``ro arofkd pilt doltqe-� _rq tb fjjbaf^qbiv nr^ifcfba qe^q pq^qbjbkq _v `i^ofcvfkd

qe^q �ori ^ob klq il`^qba ^q qeb buqobjb badb lc qeb kr`iblfa _rq `ilpb ql qeb lrqbo nr^oqbo mlpfqflkp

f-b- 14$ lc qeb kr`iblfa j^pp ifbp _bqtbbk b^`e ori ^ka qeb `ilpbpq mlib-� Gltbsbo+ tb ^dobb qe^q

jlob bsfabk`b fp obnrfoba ql prmmloq ^ ilkdfqrafk^i lod^kfp^qflk- Sebobclob+ ^q qeb ofph lc pq^oqfkd

croqebo ab_^qb+ tb e^sb bu^jfkba pqo^fkp fk tef`e qeb lof+ qeb kr`iblfa ^ka ^ ibcq lo ofdeq il`rp ^ob

i^_biiba '^p tbii ^p _lqe ibcq ^ka ofdeq tfqelrq lof(- Seb obpriqp 'kbt cfdrob R2( prmmloq lro `i^fj qe^q

under our conditions+ qeb `eoljlpljb fp ilkdfqrafk^iiv lod^kfpba-

Sl _b `ib^o+ tb al klq _bifbsb qe^q qeb mobsflrp qo^kpsbopb pqrafbp ^ob tolkd+ lro obpriqp pfjmiv

fkaf`^qb qe^q ^ ilkdfqrafk^i,ifhb lod^kfp^qflk fp ^ipl mlppf_ib ^q pilt doltqe- Rfk`b+ tb pbb pfjfi^o

obpriqp rpfkd afccbobkq jbaf^ 'p^jb ^p rpba fk lkb lc qeb mobsflrp qo^kpsbopb pqrafbp(+ tb `^k lkiv

pmb`ri^qb qe^q lro l_pbos^qflkp ^ob arb ql qeb k^qrob lc doltqe fkpfab qeb jlqebo j^`efkb+ tef`e

j^v _b jlob pfjfi^o ql doltqe fk ifnrfa `riqrob qe^k ql doltqe lk ^d^olpb m^ap+ ^ka `lksbopbiv qeb

doltqe lk ^d^olpb m^ap fp ^ijlpq `boq^fkiv piltbo qe^k fk qeb `loobpmlkafkd ifnrfa jbaf^ 'lk tef`e

qeb dfsbk alr_ifkd qfjb fp rpr^iiv _^pba-(- Vb e^sb jlafcfba qeb afp`rppflk ql obcib`q qebpb mlfkqp-

Lfklo `ljjbkqp

0- Qbpriqp 0pq m^o^do^me+ mib^pb klqb qe^q jlkljbof` qronrlfpb q^ddba O^oA crpflk t^p

`elpbk ql ^slfa ^oqfc^`qp lc afjbof` q^dp- Hq fp tfabiv hkltk qe^q qeb O^o@AR pvpqbj t^p

mol_ibj^qf`+ _rq klq qe^q fq t^p arb ql q^d jriqfjbofw^qflk- Hq pelria _b jbkqflkba ebob-

Clkb-

1- Hq fp p^fa qe^q �qelrp^kap� lc `biip ^ob fj^dba fk bumbofjbkqp+ _rq H `^kklq cfka k clo jlpq

cfdrobp- Oib^pb ^aa qefp fkcloj^qflk-

Seb krj_bo lc `bii `v`ibp ^ob pmb`fcfba fk qeb ibdbka lc bsbov cfdrob lo _v obcbobk`b ql ^ mobsflrp

cfdrob b-d- clo Efdrob 0 + tb tofqb �C^q^ fp colj 27/55 `bii `v`ibp-� Seb lkb bu`bmqflk 'Efdrob R4(

e^p _bbk `loob`qba-

2- Hq fp jbkqflkba qe^q s^of^_fifqv t^p iltbo tebk obi^qfsb `bii ^dbp ^ob rpba fkpqb^a lc jfkrqbp

^cqbo qeb mobsflrp afsfpflk- Hc pl+ tev fpk�q obi^qfsb `bii ^db rpba qeolrdelrq> Du^jmib+ Efdrobp 2 ^ka

3-



Vb afa klq ^`qr^iiv pq^qb qe^q- Vb tolqb fk qeb afp`rppflk �Gltbsbo+ `ljm^ofkd hvjldo^mep '_^pba

lk obi^qfsb `bii ^db( ^ka abjldo^mep '_^pba lk `bii ibkdqe( tb p^t kl fkaf`^qflk qe^q `bii pfwb fp ^

_bqqbo jbqof` clo pqravfkd ter `bkqo^ifp^qflk-�

Qbd^oafkd ^`qr^i `bii ^db 'qfjb( sp obi^qfsb `bii ^db+ clo dbkbo^qfkd qeb ^sbo^db `bii `v`ib

hvjldo^mep b-d- Efd- 0A+C tb rpb obi^qfsb `bii ^db fk loabo ql _b ^_ib ql al qeb ^sbo^dfkd- Sebpb

^ob jb^kq clo sfpr^ifp^qflk mromlpbp- Qbi^qfsb `bii ^db t^p klq obnrfoba fk Efdrobp 2 ^ka 3 _b`^rpb

qebob tb ^ob klq fkqbobpqba fk qeb bkqfob `bii `v`ib _rq lkiv qeb _be^sflro ^olrka qeb qfjb mlfkq lc qbo

`bkqo^ifp^qflk- Vb al klq bumb`q qe^q bsbkqp ifhb qefp tlria l``ro jlob o^mfaiv.piltiv fk `biip tfqe

peloqbo.ilkdbo `v`ib aro^qflkp- Sebobclob ^_plirqb qfjb pbbjba ql rp ql _b qeb ^mmolmof^qb

jb^probjbkq rkfq-

3- Hk qeb qbuq obi^qfkd ql Efdrob 1+ fq fp p^fa qe^q lia.kbt mlib _f^p lc lof mlpfqflk `^kklq _b

abqbojfkba colj pk^m,pelq ^k^ivpbp+ eltbsbo+ qefp fp klq qorb 'fk c^`q fq t^p fk qeb b^oiv EHRG

m^mbop(- Oli^ofqv `^k b^pfiv _b abqbojfkba _v mlpfqflk lc qbo+ tef`e fp pqolkdiv kbt mlib _f^pba-

Vb al klq bu^`qiv pq^qb qe^q- Xbp+ fc qeb qbo fp i^_biiba qebk fq `^k ^`q ^p ^ dlla mobaf`qlo lc mli^ofqv

_rq lkiv b^oiv fk qeb `bii `v`ib ^ka klq ^cqbo fq `bkqo^ifpbp- Hk lro `^pb+ tb hklt qeb mli^ofqv lc b^`e

`bii tfqe `boq^fkqv- Seb lccbkafkd pbkqbk`bp �Mlqb qe^q qeb _f^p ^q _foqe fp lkiv ^mm^obkq tebk `biip

^ob loaboba ^``loafkd ql qebfo mli^ofqv- Hq fp klq abqb`q^_ib tebk `biip ^ob lofbkqba o^kaljiv+ ^p

tlria _b qeb `^pb clo ^ pk^mpelq,_^pba ^k^ivpfp� e^p _bbk `e^kdba _v qeb obmi^`bjbkq �tlria� ,=

�j^v� ql j^hb `ib^o qeb `ljm^ofplk fp lc ^sbo^dfkd tfqe ^ka tfqelrq mlib fkcloj^qflk+ o^qebo qe^k

pq^qfkd pljbqefkd abcfkfqfsb ^_lrq pk^mpelq ^k^ivpbp-

4- Efdrob 2@ ifkb `lilop ^ob klq bumi^fkba-

Bloob`qba-

5- Efopq ifkb fk qeb obpriqp pb`qflk �qbo `bkqo^ifw^qflk `lfk`fabp tfqe `ljmibqflk lc lof

pbdobd^qflk� `fqbp Efdrobp 0B ^ka R0F+ _rq qebpb ^ob fk`loob`q-

Bloob`qba-

6- 1ka m^o^do^me rkabo �qbo,lof `lrmifkd albp klq abmbka lk qeb qbo ifkh^db- Sl jv hkltibadb

qeb l_pbos^qflk lc qbo lsbopellqfkd qeb Y,ofkd fk j^qO~B1/ pqo^fk fp kbt ^ka sbov fkqbobpqfkd-

Di^_lo^qflk tlria _b dlla ebob-

Sefp obpriq t^p peltk mobsflrpiv fk Lykkfh bq ^i- 1/05- Gltbsbo+ fk lro pqrav tb e^sb 'jlob qe^k(

bklrde `biip 'k<071/1 `ljm^oba ql k<07( ql pbb qeb ^sbo^db mf`qrob `ib^oiv- Vefib lsbopellqfkd

albp e^mmbk+ fq fp klq bklrde ql afpormq qeb lsbo^ii VS `bkqo^ifp^qflk m^qqbok 'klqtfqepq^kafkd qeb

b^oifbo pmifqqfkd lc armif`^qba qbo ^q qeb bka lc qeb `bii `v`ib(-

7- R^jb m^o^do^me+ �Efd 5 D+E+G+H� pelria _b abpfdk^qba �R� prmmibjbkq^i-

Bloob`qba-

8- Eliiltfkd m^o^do^me+ �`lkpfpqbkq tfqe cilt `vqljbqov� j^v klq _b rkabopq^ka^_ib ql j^kv-

Oib^pb ^aa ^ _ofbc bumi^k^qflk fk qeb qbuq-

Qbmi^`ba tfqe �`lkpfpqbkq tfqe jb^probjbkqp lc CM@ `lkqbkq�-

0/- Efdrob 5@+ mib^pb ^aa mbo`bkq^dbp clo kloj^i+ fksboqba+ ^ka jfuba `i^ppbp '^p fk Efd R6B(-



Clkb _rq klqb qe^q qeb bu^jmibp `biip fk Efdrob 5@ ^ii pq^oq tfqe qeb kloj^i lofbkq^qflk pl

`loobpmlka ql lkiv qeb _irb `lilroba mlmri^qflkp fk qeb kbt Efd- R7B-

00- Sebob fp ^ i^odb tefqb pm^`b fk qeb Lbqelap pb`qflk ^cqbo �lof armif`^qflk�- Hp qebob jfppfkd

qbuq>

Sefp t^p ^ cloj^qqfkd boolo arofkd mobm^o^qflk- Bloob`qba-

01- Seb afpqof_rqflkp lc `bii `v`ib aro^qflkp ^ka doltqe o^qbp pbbj tfab+ _rq fq fp afccf`riq ql

`ljm^ob ql m^pq pqrafbp- Bljjbkq> Hab^iiv+ vlr tlria t^kq ql `ljm^ob vlrop ql ^ pqrav rpfkd

_^q`e `riqrobp+ klq jf`olcirfaf`p-

Vb al klq hklt elt pfkdib `bii `v`ib aro^qflkp ^ka doltqe o^qbp `lria _b jb^proba fk _^q`e

`riqrobp- Hk ^ afccbobkq jf`olcirfaf` pbqrm 'rpfkd ^ i^odb `e^j_bo klq jf`ol`e^kkbip( V^iiabk bq ^i

dobt `biip ^q ^ pfjfi^o doltqe o^qb 'jb^k doltqe o^qb /-//32 mbo jfk `ljm^oba ql lro /-//44 mbo

jfk(- Sebv clrka ^ pfjfi^o afpqof_rqflk fk doltqe o^qbp tfqe qeb p^jb `lbccf`fbkq lc s^of^qflk 'BU( lc

/-12 'Efd- 1D lc V^iiabk bq ^i 1/05+ Bbii(-

Mlqb qe^q `bii pfwb pqrafbp qvmf`^iiv rpb c^pqbo doltqe o^qbp qe^k tb e^sb rpba ^ka qefp+ ^ilkd tfqe

qeb ^ppl`f^qba afccbobk`b fk jbaf^ ^ka doltqe `lkafqflkp+ `lria ^ccb`q qeb abdobb lc ebqboldbkbfqv

^ka fkabba qeb BU ^mmb^op ql _b iltbo ^q ^q c^pqbo doltqe o^qbp 'V^iiabk bq ^i 1/05+ Ŝ ebof,@o^def

bq ^i 1/04+ Broo- Afl-(-



Reviewer #1 (Remarks to the Author): 

The authors responded effectively to reviewers comments. High quality and interesting work. I 

only have a few minor comments. 

Specific remarks 

1) Thanks for the line and page numbers. 

2) As far as FtsK is concerned; most published evidence for its late action in the septal pore 

applies to its involvement in the Xer recombination step at dif. Whether or not Z-ring associated 

FtsK can load/unload and translocate (parts of) the chromosome before cell constriction starts is 

less clear (to this reader at least). The results with the FtsK ATPase mutant by Galli et al does 

indicate that FtsK translocation is not needed for Ter centralization. However, the Ter-linkage and 

FtsK could play redundant roles in centralizing and/or in maintaining Ter centralized, and it would 

be interesting to know if introduction of the FtsK ATPase (or C-terminus) mutant had any effect on 

Ter dynamics in delta-zapB or delta-matP cells, for example. 

My thinking may be wrong and, given your modifications of the relevant text, I am not demanding 

this be done for this paper. But, you do have an excellent set-up to test this and it would be nice 

to definitively rule out (or in?) a role for FtsK in the Ter centralization step, at some point. 

3) Lines 284-285. You speculate that 'the final stage of ori segregation somehow triggers ter to 

rapidly move to midcell'. Of course, the converse possibility is that ter-centralization somehow 

forces/signals the ori's to not segregate any (or much) further. Can you explain to the readers why 

you prefer the first possibility? 

4) Line 308. You mean Fig. S7B, F. 

5) Line 918. Colocalization within 260 pixels? You mean nm (i.e. 4 pixels)? 

6) Line 452. Incomplete sentence; ori's do what 'into the cycle of the daughter cells.'? 

7) Line 494. Cut 'However'? 

8) Line 559. Cut 'Hamamatsu Photonics camera' (redundant). 

Reviewer #2 (Remarks to the Author): 

Sadhir et al. have mostly responded to my comments. Adding some mechanistic interpretation and 

modeling would have significantly strengthened the manuscript, though. 

The response from the authors to my earlier comment that “We did not quote Männik et al. We 

simply described in our own words the 8 min difference of Männik et al. as “ter centralisation 

shortly precedes the stable appearance of a constricted/bilobed nucleoid structure“” is not correct. 

The text of the manuscript (lines 40-42, page 7) includes an explicit citation to Männik et al., 2016 

and does not mention 8 min. The authors should be explicitly state that Männik et al. found stable 

constriction occurred after the Ter centralization (0.06Td (Td-doubling time) based on Fig. 5C in 

this paper) and they found that stable constriction occurred 45 min after the Ter centralization. 

Both works show that the stable constriction occurs after the Ter centralization. The author can, of 

course, state “In contrast” but the comparison should be accurate and not imply that the order of 

the events they observe is different than in the cited paper. 

Also, the authors should explain how the timing for stable constriction in nucleoid depends upon 

the threshold they set. How would it have changed if a higher threshold had been chosen? Why 

the specific threshold value “ …(0.13) is given by the 95th percentile of the relative depth of the 

nucleoid signal in new-born cells i.e. the first bin of the plot in Figure S3B” was chosen rather than 



some other criterion? It is very likely that the difference in threshold explains the quantitative 

difference between the two works more than the growth rate difference, which is invoked now. 

Reviewer #3 (Remarks to the Author): 

Major point 1, Lack of nucleoid data. Showing DAPI staining (new Fig S9) satisfactorally indicates 

that chromosome segregation occurred more or less normally in the examples shown. I could not 

find in the text a reporting of the frequency of normal DAPI segregation. This should be added if 

absent. 

Major point 2, Weak longitudinal model. 

I agree with the authors that the new data showing left and right arm tags supports the 

longitudinal model. However, I am curious why they chose not to disclose relative positions of the 

left and right arm tags, which is provided by their dual labeling approach. As clearly shown in their 

model (Fig S3L), the relationship between L and R tags is the best test of transverse and 

longitudinal configurations. A color overlay of S3H (left tag) and S3I (right tag) would do this, with 

accompanying percentages of observed configurations similar to that shown in Fig S3J/K. 

Additionally, the figure legend to S3 is somewhat confusing, as some strains contain multiple tags, 

but individual plots show only one tag. Perhaps the legend and figure labeling could be clarified. 

Minor points are adequately addressed. 



Reviewer #1 (Remarks to the Author):

The authors responded effectively to reviewers comments. High quality and interesting work.

I only have a few minor comments.

Specific remarks

1) Thanks for the line and page numbers.

2) As far as FtsK is concerned; most published evidence for its late action in the septal pore

applies to its involvement in the Xer recombination step at dif. Whether or not Z-ring

associated FtsK can load/unload and translocate (parts of) the chromosome before cell

constriction starts is less clear (to this reader at least). The results with the FtsK ATPase

mutant by Galli et al does indicate that FtsK translocation is not needed for Ter

centralization. However, the Ter-linkage and FtsK could play redundant roles in centralizing

and/or in maintaining Ter centralized, and it would be interesting to know if introduction of the

FtsK ATPase (or C-terminus) mutant had any effect on Ter dynamics in delta-zapB or

delta-matP cells, for example.

My thinking may be wrong and, given your modifications of the relevant text, I am not

demanding this be done for this paper. But, you do have an excellent set-up to test this and it

would be nice to definitively rule out (or in?) a role for FtsK in the Ter centralization step, at

some point.

Thank you for these comments. It is true that FtsK could have an effect on Ter

centralisation/maintenance independent of its ATPase activity and we will certainly consider

this in our future experiments.

3) Lines 284-285. You speculate that 'the final stage of ori segregation somehow triggers ter

to rapidly move to midcell'. Of course, the converse possibility is that ter-centralization

somehow forces/signals the ori's to not segregate any (or much) further. Can you explain to

the readers why you prefer the first possibility?

This is indeed an alternative possibility. We now explain this and in the discussion we add a

sentence explaining that under the hypothesis of entropically-driven rearrangement both

schemes are really one and the same thing.

4) Line 308. You mean Fig. S7B, F.

Corrected.

5) Line 918. Colocalization within 260 pixels? You mean nm (i.e. 4 pixels)?

Corrected.

6) Line 452. Incomplete sentence; ori's do what 'into the cycle of the daughter cells.'?

The sentence is not incomplete but could have been better phrased. Corrected.

7) Line 494. Cut 'However'?

Done.



8) Line 559. Cut 'Hamamatsu Photonics camera' (redundant).

Done.

Reviewer #2 (Remarks to the Author):

Sadhir et al. have mostly responded to my comments. Adding some mechanistic

interpretation and modeling would have significantly strengthened the manuscript, though.

The response from the authors to my earlier comment that “We did not quote Männik et al.

We simply described in our own words the 8 min difference of Männik et al. as “ter

centralisation shortly precedes the stable appearance of a constricted/bilobed nucleoid

structure“” is not correct. The text of the manuscript (lines 40-42, page 7) includes an explicit

citation to Männik et al., 2016 and does not mention 8 min. The authors should be explicitly

state that Männik et al. found stable constriction occurred after the Ter centralization (0.06Td

(Td-doubling time) based on Fig. 5C in this paper) and they found that stable constriction

occurred 45 min after the Ter centralization. Both works show that the stable constriction

occurs after the Ter centralization. The author can, of course, state “In contrast” but the

comparison should be accurate and not imply that the order of the events they observe is

different than in the cited paper.

We do not imply that the order is different. Could this reviewer be misunderstanding the

meaning of the word ‘precedes’ and the distinction between ‘quote’ and ‘cite’? In any case,

we have rephrased the text along the lines the reviewer suggests.

Also, the authors should explain how the timing for stable constriction in nucleoid depends

upon the threshold they set. How would it have changed if a higher threshold had been

chosen? Why the specific threshold value “ …(0.13) is given by the 95th percentile of the

relative depth of the nucleoid signal in new-born cells i.e. the first bin of the plot in Figure

S3B” was chosen rather than some other criterion? It is very likely that the difference in

threshold explains the quantitative difference between the two works more than the growth

rate difference, which is invoked now.

If we have no minimum threshold (so that any dip in the middle third of the HU profile would

count as a constriction), then constriction of the nucleoid would begin ~25 min before Ter

centralisation and often even from birth. However, since we do not smoothen the nucleoid

profile, this is the result of noise in the signal and is not at all consistent with visual

inspection of the images (noise may be more relevant for us than Männik et al 2016 due to

the smaller pixel size of our camera (65 nm vs 160 nm)). For example, the cell used in

Figure 3A would be marked as constricted from the 5th frame rather than the 19th, while

inspection and thresholding of the images shows this is not the case even for the 17th frame

(top most cell shown). That is why we use the 95th percentile of cells at birth. Under our

conditions, we see no evidence of nucleoid constriction in newborn cells and so we use the

‘constriction’ depth in these cells as a measure of the noise of the profile. We have now

expanded the methods section to make this clear.



Reviewer #3 (Remarks to the Author):

Major point 1, Lack of nucleoid data. Showing DAPI staining (new Fig S9) satisfactorally

indicates that chromosome segregation occurred more or less normally in the examples

shown. I could not find in the text a reporting of the frequency of normal DAPI segregation.

This should be added if absent.

We presume this reviewer is asking for the frequency at which anucleate cells are produced.

We see no significant production of anucleate cells. For the triple labelled strain, we found

that ~0.5% of cells born with an inverted organisation produced anucleate daughters. This

was comparable to the value (~0.25%) for cells born with a normal organisation. We have

now added this to the legend of Fig. S9.

Major point 2, Weak longitudinal model.

I agree with the authors that the new data showing left and right arm tags supports the

longitudinal model. However, I am curious why they chose not to disclose relative positions

of the left and right arm tags, which is provided by their dual labeling approach. As clearly

shown in their model (Fig S3L), the relationship between L and R tags is the best test of

transverse and longitudinal configurations. A color overlay of S3H (left tag) and S3I (right

tag) would do this, with accompanying percentages of observed configurations similar to that

shown in Fig S3J/K. Additionally, the figure legend to S3 is somewhat confusing, as some

strains contain multiple tags, but individual plots show only one tag. Perhaps the legend and

figure labeling could be clarified.

We do not agree that the relationship between L and R tags is the best test of transverse

and longitudinal configurations. Given that that nucleoid is not centrally positioned within the

cell, one cannot examine, for example, the frequency of L and R being located in opposite

cell halves/quarters as that assumes regularly and symmetrically positioned nucleoid lobes.

By comparing to the ori and old/new pole as we have done, we can assess the two models

using only the ordering of the loci within the cell. What we can do is measure the distance

between the loci in the different strains and then compare between them. As shown in the

cartoon in S3L, in the longitudinal scheme the loci should be closer to each other than to ori.

In the transverse scheme, they should be closer to ori than to each other. We have now

added this analysis as well as the requested overlay of S3H and S3I.

We have also clarified the labelling.

Minor points are adequately addressed.


