
Reviewers' comments: 

Reviewer #1 (Remarks to the Author): 

The authors of that study made an in-silico analysis in relation with antibiotic resistance genes, 

focusing on their origin. The topic is of interest and the authors used adequate tools for it, even 

though one might admit that their findings overall mirrors what has been previously published by 

others. 

What I mean here is that there is almost no novelty at all, and this report is actually a review of 

what is already known. 

The manuscript is much too long in its present form, with many wordy and tedious statements 

overall. 

The recurrent discussion about clinical/non clinical, pathogen/non pathogen is on my opinion out of 

scope. 

Reviewer #2 (Remarks to the Author): 

Summary of the manuscript 

In their manuscript entitled “A framework for identifying the recent origins of mobile antibiotic 

resistance genes” Ebmeyer et al. seek to collate existing knowledge of the recent origins of 

medically relevant ARGs and use this to develop a pipeline for validating and extending them. The 

authors establish criteria for defining the recent origin of an ARG, first determining that the ARG is 

mobilizable by synteny with a mobilizable element, second confirming the origin by establishing 

lack of a mobilizable element, third and fourth determining origin by high sequence identity of 

syntenic genes, and fifth validating 3 and 4 across closely related taxa. They apply these criteria to 

a subset of ARGs and claim that in almost all cases the recent origin is in a human or animal 

Proteobacterial pathogen, suggesting that human activities are driving ARG spread. The authors 

end by noting that establishing the origins of ARGs is an important exercise that might allow for 

mitigation of spread in the future. 

Overall impression of the work 

The manuscript is well written, interesting, and tackles relatively successfully an important 

question in antibiotic resistance. I cannot easily think of another source for this type of codified 

pipeline for approaching and validating the origins of ARGs. Where the manuscript could still 

benefit is in its explanations for certain decisions and the definitions it uses. For example, why are 
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efflux mechanisms?), what is meant by recent ARG origin (evolutionarily recent? Recent since the 

clinical use of antibiotics?), and others (see specific comments below). While I believe it is 

important to address these, I overall find the approach and topic of this manuscript compelling. 

Specific comments 

1. The authors describe their analysis pipeline in good detail and in some cases (e.g. line 101) 

describe their reasoning for setting numerical cut-offs. However, in other cases (e.g. lines 105, 

117) it appears that numerical cut-offs are arbitrary. Could the authors respond why these cut-offs 

were used and potentially add text to the manuscript that describes how the results of their 

pipeline change (or don’t change) using stricter or more relaxed cut-offs? This would speak to the 

robustness of the analysis pipeline and the major conclusions of the manuscript. 

2. I was surprised and interested to see the conclusion that essentially all ARGs originate from 

Proteobacterial pathogens when my understanding has been that antimicrobial producing bacteria 

(largely non-Proteobacterial) are likely the originators of many ARGs (e.g. Benveniste and Davies, 

1973; Perry, Waglechner, Wright 2016 and many other Wright lab papers). The authors state in 

lines 326-331 that they know ARG origins are in Proteobacteria because they are so well studied, 

but it seems like this could be backwards, that because the databases used have a strong 

pathogen/Proteobacterial bias this might act as a confound in the analyses. 

3. Related to comment #2, the authors could also clarify a bit more what they mean by recent 

origins of ARGs. Reading the manuscript it seems like the authors change a little in their usage, 



going from where an ARG originates in the environment then shifting to where an ARG first 

becomes mobilized. i.e. an ARG originates from some anonymous soil bacteria but is captured by 

an Acinetobacter sp. which sticks it into a plasmid; which of these two is really the origin depends 

on a precise definition which is not clearly given. A schematic figure might help? 

4. The discussion of mobilizable ARGs seems incomplete without mention or reference to the many 

findings from functional metagenomic studies that explicitly test mobilization and frequently 

capture mobilization elements (e.g. Pehrsson et al. 2016 identical TEM bla found across multiple or 

Forsberg et al. 2014 showing pathogen ARGs to be closely associated with mobilizable elements). 

5. Did the authors search for evidence of phage genes as well as evidence for plasmids, 

transposons, IS, etc? What sort of genomic signal would ARG mobilization by transduction leave 

and are there examples where this has occurred? 

6. Could the authors clarify more how they arrived at this particular set of antibiotic/ARGs to 

study. It is noted (lines 293 – 296) that tetracycline resistance was omitted due to lack of origin 

hypotheses, is that the case for tetX homologs as well? I am also curious why chloramphenicol and 

the widespread cat and phosphotransferase genes are not discussed? 

Reviewer #3 (Remarks to the Author): 

I read the manuscript from Ebmeyer et al titled “A framework for identifying the recent origins of 

mobile antibiotic resistance genes” with great interest. The authors have re-evaluated the 

evidence for claims of the origin of mobile ARGs by appealing to both the literature and 

examination of available genome synteny and by synthesizing the approaches into a set of criteria. 

I believe this is an important and timely topic of interest to many readers in antimicrobial 

resistance and has the potential to be cited by others in this area. 

As the manuscript stands, I cannot recommend publication without some additional rigor in the 

methods and materials section (see specific comments) that would enhance reproducibility and 

allow interested parties to follow along more closely. In particular, phylogenetic trees were 

produced, but it is not clear if these are trees of genomic contexts (nucleotide data), or ARG 

sequences (protein sequences), or both, but there is no mention of these trees in the results. 

Similarly, virtually none of the genomic synteny results are presented except in summary, making 

these results difficult to evaluate – can the genomic synteny results be provided as supplementary 

data? I have no sense for how many loci or different species are represented for each ARG. 

The discussion firmly situates this work in the larger context of the (recent) origins of ARGs. Given 

the that the ARGs with putatively identifiable origins are restricted to Gram-negative organisms in 

general, and Proteobacteria specifically, I believe it would be useful for the authors to comment on 

whether these criteria may be modified to accommodate the 96% of mobile ARGs for which origin 

cannot currently be assigned. 

Specific comments: 

Lines 27-33: I would like some additional citations here – I am not familiar with ISCR and it would 

be helpful to be pointed to some reviews of this topic to orient the reader. 

Line 43: Dan Andersson, in particular, has contributed much to this topic in the literature. Of 

particular relevance for this you may cite Andersson and Hughes Nat Rev Microbiol 2010;8(4):260-

271. 

Lines 73-79: How many articles were identified by this literature search procedure? How many 

matching articles were retained? The reference list in the supplementary file 1 contains 77 

citations. Having performed a similar search in the past, I have noticed that many articles using 

the phrase ‘origin’ report no such thing. 

Lines 81-86: How often did an article claim to source the origin of an ARG without being associated 

with a MGE? 

Line 92: is the pipeline available for review? 

Line 95-96: How were these novel ARGs identified? In the supplementary file? 

Line 95: What components of CARD were downloaded? I assume the protein sequences of all 



antibiotic resistance determinants? I believe these are also versioned, so which version was used? 

Similarly, the ResFinder database is also versioned through the bitbucket repository 

(https://bitbucket.org/genomicepidemiology/resfinder_db.git), which version was used? 

Line 97: the ‘resulting database’ is the intersection of CARD and ResFinder db by alignment, or the 

union, to include everything in at least one of the databases? I want to understand what the 

mapping/alignment procedure between the two databases accomplished. 

Line 98: to clarify, 80% query coverage cutoff? 

Line 99-100: these cutoff criteria are relaxed with respect to the database vs database cutoff 

criterion, were you only including hits in closely related genera, or more distant taxa? It’s very 

curious to me that the resulting set were restricted entirely to Proteobacteria. 

Line 100-102: Genbank assemblies vary greatly with respect to contiguity and completeness – did 

you have any criteria for excluding highly fragmented assemblies? 10kbp upstream and 

downstream might not be available in such assemblies, particularly if your goal is to identify ARG 

associations with IS and Tn sequences which can be highly repetitive and difficult to assemble (and 

subject to a higher chance of misassembly). 

Line 120: FastTree or FastTree2? Which version, and what parameters were used to estimate 

these trees (substitution model, CAT approximation and categories?) Why produce trees only to 

never refer to them in the remainder of the manuscript? Were the datasets so large that non-

approximate ML were infeasible? 

Line 148-149: I appreciate the distinction made between evolutionary time and functional time. I 

fear some readers might be confused between the origin of a gene, or the origin of a gene as a 

mobilized ARG which I believe is the intention in this manuscript. There is some debate in the 

literature between the idea of a ‘proto-resistance’ gene (Morar and Wright. Annu Rev Genet 

2010;44:25-51) and a resistance gene being strictly a gene that confers resistance to a clinically 

relevant antibiotic in the context of a pathogen (Martínez et al, Nat Rev Microbiol 2015;13:116-

123). 

Line 157: I find this idea intriguing, that a potential ARG may be mobilized within a restricted set 

of taxa 

Line 177-179: In your view, are these criteria, particularly #5, likely to hold true outside of 

Proteobacteria, and what constitutes independence in related taxa? See Pawlowski et al Nat Comm 

2016;7:13803 for an investigation of the genetic context/synteny of ARGs in Paenibacillus. 

Line 202: Unsurprising, Proteobacteria are not known as producers of the antibiotics that are or 

derived from natural products. Fluoroquinolones are synthetic, however, so we would never expect 

any of these to be producers and this is worth pointing out. 

Line 208-209: Given the historically biased nature of the sequence databases towards organisms 

of medical interest, this isn’t surprising. 

Line 250-251: I do not know if the authors can say these are correct determinations, only that 

their criteria support the initial determination of origin. 

Line 340: Can you provide an example, citation of this? Most of the examples in Table 1 have 

origins in a particular species, but several only have origins in a genus. Are the factors preventing 

inference of origins related to the level of sequence diversity of the ARG, the level of genomic 

diversity in host species, the degree to which an ARG has proliferated outside of its origin taxa, or 

something else? 

Line 369: all to data -> all to date 



KZk^ZlZg #,

PZ gZheZXi[jaan Y^hV\gZZ l^i] KZk^ZlZg #, dc i]Z cdkZain d[ djg gZhjaih) P]^aZ lZ

^cYZZY hjbbVg^oZ i]Z id YViZ hXViiZgZY a^iZgVijgZ dc i]Z gZXZci dg^\^ch d[ ;KAh'

lZ jhZ i]ZhZ YViV id

,)& @dgbjaViZ V hZi d[ Xg^iZg^V ZcVWa^c\ i]Z Xdc[^YZci Vhh^\cbZci d[

gZh^hiVcXZ \ZcZ dg^\^ch

-)& ;bZcY VcY hXgji^c^oZ i]Z egZk^djhan gZedgiZY gZhjaih jh^c\ i]ZhZ Xg^iZg^V'

h]dl^c\ i]Vi 1 d[ -4 gZedgih Yd cdi ]VkZ hj[[^X^Zci hjeedgi [dg Vc dg^\^c

Vhh^\cbZci' VcY ^begdk^c\ iVmdcdb^X gZhdaji^dc [dg , d[ i]Z gZedgih

.)& ;cVanoZ dkZgVgX]^c\ eViiZgch ^c i]Z hXgji^c^oZY YViV x PZ h]dl i]Vi Vaa

]ZgZ kZg^[^ZY dg^\^c heZX^Zh VgZ cdi egdYjXZgh d[ Vci^W^di^Xh' bVcn

gZh^hiVcXZ \ZcZh ]VkZ a^`Zan WZZc bdW^a^oZY hZkZgVa i^bZh [gdb i]Z^g

dg^\^c' h^c\aZ heZX^Zh VgZ i]Z dg^\^c d[ hZkZgVa Y^[[ZgZci gZh^hiVcXZ \ZcZ

[Vb^a^Zh VcY egdk^YZ Vc Zhi^bViZ VWdji VhhdX^Vi^dc d[ ;KAh l^i]

^ciZ\gdch*igVchedhVhZh WVhZY dc YViV [gdb Vaa VkV^aVWaZ \ZcdbZ VhhZbWa^Zh)

/)& L]dl i]Vi heZX^Zh VhhdX^ViZY l^i] ^c[ZXi^dc ^c ]jbVch VcY Vc^bVah VgZ

XaZVgan dkZggZegZhZciZY Vh gZXZci dg^\^ch d[ Vci^W^di^X gZh^hiVcXZ \ZcZh)

M]ZgZ[dgZ' ^c djg de^c^dc i]Z tY^hXjhh^dc VWdji Xa^c^XVa*cdc Xa^c^XVa'

eVi]d\Zc*cdc eVi]d\Zcu^h V Xg^i^XVaan ^bedgiVci XdbedcZci d[ i]Z hijYn)

@jgi]ZgbdgZ' djg Y^hXjhh^dc ed^cih dji hZkZgVa VheZXih i]Vi ]VkZ cdi nZi WZZc

Y^hXjhhZY ^c i]Z a^\]i d[ i]Z ]ZgZ egZhZciZY YViV' hjX] Vh eViiZgch ed^ci^c\

idlVgYh i]Z ]jbVc*Vc^bVa b^XgdW^dbZ Vh bdW^a^oVi^dc ]dihedih [dg ;KAh [gdb

i]Z^g dg^\^c VcY i]Z ^bedgiVcXZ d[ ^YZci^[n^c\ i]Z heZX^Zh dg^\^ch d[ ;KAh

XdggZXian ^c i]Z [^ghi eaVXZ)



KZk^ZlZg #-



PZ V\gZZ l^i] i]Z gZk^ZlZg i]Vi [jgi]Zg bdi^kVi^dch d[ cjbZg^X Xjid[[ kVajZh VgZ

lVggVciZY)

PZ ]VkZ VYYZY ZmeaVcVi^dch [dg hZaZXi^dc d[ i]ZhZ Xjid[[h id i]Z bVcjhXg^ei Vi

a^cZh ,+.(,+0 %vMd ^YZci^[n ediZci^Va [jcXi^dch d[ IK@h ^c i]Z ^YZci^[^ZY ;KAh

\ZcZi^X Zck^gdcbZci' ^YZci^[^ZY deZc gZVY^c\ [gVbZh %IK@h& lZgZ Vahd hZVgX]ZY

V\V^chi i]Z Nc^egdi `cdlaZY\Z WVhZ %YdlcadVYZY DVcjVgn -+,4' ]nedi]Zi^XVa egdiZ^ch

lZgZ gZbdkZY& jh^c\ >C;GIH> S)))Tw&VcY a^cZh ,,1(,,3 %vS)))T%VXXdjci^c\ [dg Vc

Vii= h^iZ aZc\i] d[ 00(,/,ci VcY V heVXZg aZc\i] d[ bVm^bjb ,/0We WZilZZc \ZcZ

XVhhZiiZ VcY Vii= h^iZS)))Tw&) PZ [jgi]ZgbdgZ XaVg^[^ZY i]Vi i]Z Vii= h^iZ ]Vh id

WZ ZcXdYZY -++We YdlchigZVb d[ i]Z gZheZXi^kZ ;KA %a^cZ ,,4(,-,' vS)))TVi

bVm^bjb -++ We Y^hiVcXZ l^i]^c Z^i]Zg h^YZ d[ i]Z IK@S)))Tw&)

Cc i]Z gZ[ZgZY a^cZh %,+-(,+2 ^c i]Z gZk^hZY bVcjhXg^ei&' V Xjid[[ d[ 1+$ ^h jhZY

id XdbeVgZ \ZcZh ^c V ;KAh \ZcZi^X Zck^gdcbZci id i]Z Nc^egdi `cdlaZY\Z WVhZ) M]^h

gZaVmZY Xjid[[ ^h jhZY ^c dgYZg id \Zi Vc ^YZV l]Zi]Zg V \ZcZ ^h bdW^aZ dg cdc(

bdW^aZ ^c V gZheZXi^kZ XdciZmi' ^i ^h bdhi ^bedgiVci id [^cY dji l]Zi]Zg Vc deZc

gZVY^c\ [gVbZ h]dlh ]dbdad\n id \ZcZh VhhdX^ViZY l^i] ]dg^odciVa \ZcZ igVch[Zg'

hjX] Vh CL*CL=K' igVchedhVhZh VcY eaVhb^Y bdW^a^oVi^dc \ZcZh' dg l]Zi]Zg ^i ^h

bdgZ h^b^aVg id di]Zg ineZh d[ \ZcZh) M]^h gZaVmZY Xjid[[ ^h cZXZhhVgn ^c dgYZg id

^YZci^[n ]dbdad\n dkZg aVg\Zg Zkdaji^dcVgn Y^hiVcXZh %YjZ id i]Z ^cXdbeaZiZcZhh d[

Zm^hi^c\ hZfjZcXZ gZedh^idg^Zh&)CcXgZVh^c\ i]^h Xjid[[ ldjaY aZVY id V \gZViZg

cjbWZg d[ IK@h VccdiViZY Vh ]nedi]Zi^XVa egdiZ^ch' n^ZaY^c\ cd Y^gZXi ^c[dgbVi^dc

dc i]Z^g ediZci^Va [jcXi^dc) FdlZg^c\ i]^h Xjid[[ ldjaY ^cXgZVhZ i]Z cjbWZg d[

]^ih hdbZl]Vi' Wji ^i ldjaY ^cXgZVhZ bViX]Zh id kZgn Y^hiVcian gZaViZY egdiZ^ch

l]^X] bVn ]VkZ h^\c^[^XVci Y^[[ZgZcXZh ^c i]Z^g W^dad\^XVa [jcXi^dc) ;h YZhXg^WZY

^c i]Z bViZg^Vah VcY bZi]dY hZXi^dc' id iZhi Vc dg^\^c ]nedi]Zh^h' ZVX] IK@ ^c i]Z

gZheZXi^kZ ;KAh \ZcZi^X Zck^gdcbZci ^h VccdiViZY Wn bVcjVa WaVhi hZVgX] id

Xdc[^YZcian ^YZci^[n i]Z \ZcZh ^YZci^in %^[ edhh^WaZ&) Ld l]^aZ i]Z [^ghi'

VjidbViZY VccdiVi^dc hiZe jh^c\ i]Z 1+$ Xjid[[ jhZY ^c i]Z [^ghi eVgi d[ i]Z

e^eZa^cZ' ^i ^h cdi Xg^i^XVa [dg i]Z gdWjhicZhh d[ i]Z gZhjaih' Vh \ZcZ ^YZci^i^Zh

]VkZ id WZ Xdc[^gbZY bVcjVaan)

Cc a^cZ ,,1(,,3' i]Z bVm^bjb VaadlZY Y^hiVcXZ WZilZZc Vc IK@ VcY V YZiZXiZY Vii=

h^iZ lVh hZi id -++We ^c dgYZg [dg i]Z IK@ id WZ XdjciZY Vh VhhdX^ViZY l^i] %Vbdc\

di]Zg eVgVbZiZgh YZhXg^WZY ^c i]Z gZheZXi^kZ eVgV\gVe]& ^ciZ\gdc higjXijgZh d[

XaVhh ,' - dg .) ;h Vii= h^iZh %^ihZa[ WZ^c\ 00(,/,We adc\& ^c i]ZhZ ^ciZ\gdch

jhjVaan VgZ adXViZY Y^gZXian VY_VXZci id i]Z \ZcZ XVhhZiiZ' lZ i]ZgZ[dgZ hZaZXiZY

V bVm^bjb Y^hiVcXZ d[ -++We id YZXgZVhZ i]Z a^`Za^]ddY d[ b^hh^c\ i]Z

XdggZhedcY^c\ IK@h l]^aZ Vi i]Z hVbZ i^bZ Vkd^Y^c\ Vh bVcn [VahZ edh^i^kZh Vh

edhh^WaZ)



.)

CcYZZY' lZ XVccdi ZmXajYZ i]Vi YViVWVhZ W^Vh ^h V Xdc[djcYZg VcY lZ ]VkZ ZmeVcYZY

dc i]^h ^c i]Z Y^hXjhh^dc a^cZ .,3(.-+ %vCbedgiVcian' i]Z AZcWVc` ;hhZbWan

YViVWVhZ ^h W^VhZY idlVgYh egdiZdWVXiZg^V x ^i ^h Zci^gZan edhh^WaZ i]Vi ^c i]Z

[jijgZ' Vh i]Z Y^kZgh^in d[ VkV^aVWaZ \ZcdbZh ^cXgZVhZh' cdc(egdiZdWVXiZg^Va' cdc(

^c[ZXi^dc(VhhdX^ViZY gZXZci dg^\^ch d[ ;KAh VgZ ^YZci^[^ZYw&) PZ ign id bV`Z

XaZVg i]Vi l]^aZ lZ Yd cdi `cdl d[ Vcn cdc(egdiZdWVXiZg^Va dg^\^c ZmVbeaZh' lZ Yd

cdi Vi Vaa ZmXajYZ i]Z edhh^W^a^in d[ di]Zg WVXiZg^Va e]naV WZ^c\ gZXZci dg^\^ch

d[ ;KAh)

M]Z AZcWVc` VhhZbWan YViVWVhZ XdciV^ch VWdji /211++ egdiZdWVXiZg^Va \ZcdbZh %VWdji

/4,, jc^fjZ heZX^Zh' ZmXajY^c\ ^cXdbeaZiZan XaVhh^[^ZY dcZh& VcY VWdji -+/++

\ZcdbZh %VWdji -0-4 jc^fjZ heZX^Zh&) M]jh' l]^aZ i]Z YViVWVhZ ^h

W^VhZY idlVgYh egdiZdWVXiZg^Va heZX^Zh Vh i]Z gZk^ZlZg hjheZXiZY' i]ZgZ ^h V

gZVhdcVWan aVg\Z cjbWZg d[ VXi^cdWVXiZg^Va heZX^Zh gZegZhZciZY Vh lZaa)

PZ i]Vc` i]Z gZk^ZlZg [dg Vc ^ch^\]i[ja XdbbZci) PZ ]VkZ ]VY adc\ Y^hXjhh^dch dc

]dl id YZ[^cZ vgZXZci dg^\^cw VcY lZ i]^c` lZ ]VkZ Vgg^kZY Vi V bdgZ \ZcZgVaan

Veea^XVWaZ VcY egZX^hZ YZhXg^ei^dc i]Vc i]Z dcZ egZhZciZY ^c i]Z dg^\^cVa

bVcjhXg^ei %a^cZh ,/1(,/4 ^c i]Z dg^\^cVa bVcjhXg^ei' a^cZh ,03(,1- ^c i]Z gZk^hZY

bVcjhXg^ei&)PZ cdl YZ[^cZ gZXZci dg^\^c [dg V bdW^aZ ;KA Vh v))

w ;h hj\\ZhiZY' lZ hjeea^ZY V

hX]ZbVi^X [^\jgZ [dg XaVg^[^XVi^dc ejgedhZh %@^\jgZ - ^c i]Z gZk^hZY bVcjhXg^ei&)



@^\) -5 LX]ZbVi^X e]nad\Zcn ^aajhigVi^c\ i]Z eg^cX^eaZ d[ gZXZci dg^\^ch d[ ;KAh)

<ajZ Vggdlh gZegZhZci ]dg^odciVa \ZcZ igVch[Zg ZkZcih %BAM&' gZY X^gXaZ dc cdYZ

gZegZhZcih Vc ;KA(egd\Zc^idg) =]Vc\^c\ Xdadg d[ X^gXaZ gZegZhZcih hZfjZcXZ

Zkdaji^dc dkZg i^bZ) Mld edhh^WaZ hXZcVg^dh VgZ h]dlc5 ;KA ; ZkdakZh ^c i]Z hVbZ

iVmdcdb^X XaVYZ Vh i]Z ;KA egd\Zc^idg eg^dg id WZ^c\ igVch[ZggZY id V eVi]d\Zc) Cc

XVhZ d[ ;KA <' i]Z ;KA egd\Zc^idg ^h VXfj^gZY i]gdj\] Vc VcX^Zci BAM ZkZci WZ[dgZ

^i ^h' bdgZ gZXZcian' igVch[ZggZY id eVi]d\Zch x VcY ^h i]jh cdi egZhZci ^c i]Z

h^hiZg XaVYZh d[ i]Z gZXZci dg^\^c d[ ;KA <) Cc Wdi] XVhZh' i]Z gZXZci dg^\^c ^h

i]Z iVmdc [gdb l]^X] i]Z \ZcZ ^h bdW^a^oZY ^cid Xa^c^XVaan gZaZkVci XdciZmih)

Cc i]Z egdk^YZY ZmVbeaZ' i]Z VchlZg gZVaan YZeZcYh ( Ld ^[ i]Z igVch[Zg d[ i]Z ;KA

[gdb i]Z hd^a WVXiZg^jb id ^h bdgZ VcX^Zci VcY i]Z ;KA ^h [^mViZY dc

i]Z ;X^cZidWVXiZg hee) X]gdbdhdbZ dkZg i^bZ WZ[dgZ ^i ^h igVch[ZggZY id V eaVhb^Y'

i]Z ;X^cZidWVXiZg hee) ^h i]Z gZXZci dg^\^c x ^[ i]Z igVch[Zg d[ i]Z ;KA [gdb i]Z

hd^a WVXiZg^jb ^h bdgZ gZXZci VcY i]Z hee) ^h _jhi Vc

^ciZgbZY^ViZt]dhiu[dg i]Z VagZVYn bdW^a^oZY \ZcZ' i]Z hd^a WVXiZg^jb ldjaY WZ

i]Z gZXZci dg^\^c)



PZ [djcY i]Z Vgi^XaZh hj\\ZhiZY Wn i]Z gZk^ZlZgh bZVc^c\[ja VcY ^cXdgedgViZY i]Z

[^cY^c\h ^cid djg bVcjhXg^ei Vi a^cZ .1+(.1/ %vS)))TjcYZga^c^c\ i]Vi i]Z cVijgVa

Zck^gdcbZci bVn Xdchi^ijiZ V h^\c^[^XVci hdjgXZ d[ cdkZa gZh^hiVcXZ YZiZgb^cVcih
/2

%Vh hjeedgiZY Wn Z)\) [jcXi^dcVa bZiV\Zcdb^Xh hijY^Zh ^YZci^[n^c\ bVcncdkZa ;KAh

[gdb hd^a ' hZZ @dghWZg\ Zi Va -+,/
/3
&)w&)

Ijg hZVgX] [dg bdW^aZ \ZcZi^X ZaZbZcih jh^c\ i]Z Nc^egdi `cdlaZY\Z WVhZ ^cXajYZh

egdiZ^ch egZhZci ^c e]V\Z \ZcdbZh) BdlZkZg' lZ Y^Y cdi heZX^[^XVaan hXVc [dg i]Z

egZhZcXZ d[ e]V\Zh' Vh ;KAh XVgg^ZY Wn e]V\Zh VgZ gVgZ, VcY lZ Yd cdi `cdl d[ Vcn

higdc\ Zk^YZcXZ hj\\Zhi^c\ i]Vi e]V\Zh VgZ ^bedgiVci ^c i]Z bdW^a^oVi^dc d[ ;KAh)

;h hiViZY ^c a^cZ ,1(,2 d[ i]Z bVcjhXg^ei' i]Z ]ZgZ Y^hXjhhZY hZi d[ ;KAh ^h WVhZY

dc ;KAh i]Vi ]VY egdedhZY dg^\^ch dc Vi aZVhi \Zcjh aZkZa' ^YZci^[^ZY i]gdj\] V

i]dgdj\] a^iZgVijgZ gZhZVgX]) P]^aZ' id i]Z WZhi d[ djg `cdlaZY\Z' cd hjX] dg^\^ch

]VkZ WZZc hj\\ZhiZY [dg XVi \ZcZh' lZ gZVa^oZY i]Vi lZ b^hhZY id ^YZci^[n Vc

Vgi^XaZ Y^hXjhh^c\ Vc dg^\^c [dg iZiQ \ZcZh
-
) PZ i]Vc` i]Z gZk^ZlZg [dg ed^ci^c\

i]^h dji VcY lZ ]VkZ VYYZY iZiQ id djg VcVanh^h ^c i]^h bVcjhXg^ei cdl %hZZ iVWaZ

,' hjeeaZbZciVgn [^aZ ,&) ;XXdgY^c\ id djg Xg^iZg^V' i]ZgZ ^h cd gZa^VWaZ Zk^YZcXZ

[dg Vh i]Z egdedhZY dg^\^c d[ iZiQ \ZcZh)

KZk^ZlZg #.



PZ V\gZZ dc i]Z jhZ[jacZhh d[ VYY^i^dcVa gZ[ZgZcXZh dc i]Z ide^X d[ CL VcY CL=Kh'

VcY ]VkZ egdk^YZY i]Zb ^c a^cZ .,(.-)

M]Z Vgi^XaZ ^h ^cYZZY d[ gZaZkVcXZ' hd lZ ]VkZ gZ[ZgZcXZY ^i ^c a^cZ /.)



M]Z hZVgX] jh^c\ i]Z `ZnldgYh heZX^[^ZY ^c a^cZ 2.(2/ egdYjXZh ../- gZhjaih) ;h

XdggZXian hiViZY Wn i]Z gZk^ZlZg' i]Z \gZVi bV_dg^in d[ i]ZhZ ]^ih YdZh cdi gZedgi

\Zcjh dg heZX^Zh dg^\^ch) PZ lZci i]gdj\] Vaa ]^ih VcY [^aiZgZY Vgi^XaZh d[

ediZci^Va ^ciZgZhi %lZ cdl YZhXg^WZ i]ZhZ ^c i]Z bVcjhXg^ei' a^cZ 2/&' l]^X] lZ

hijY^ZY [jgi]Zg) Cc hZkZgVa ^chiVcXZh' lZ [djcY gZ[ZgZcXZh ^c hjX] Vgi^XaZh l]^X]

aZY jh id di]Zg Vgi^XaZh gZedgi^c\ \Zcjh*heZX^Zh dg^\^ch) <VhZY dc i]^h' lZ

^YZci^[^ZY /- Vgi^XaZh hj\\Zhi^c\ V heZX^[^X \Zcjh*heZX^Zh Vh dg^\^c d[ V heZX^[^X

%\gdje d[& ;KA%h&) HdiZ i]Vi i]Z \dVa ]ZgZ lVh cdi id hXgji^c^oZ h^c\aZ Vgi^XaZh'

Wji gVi]Zg id hXgji^c^oZ i]Z XdaaZXi^kZ Zk^YZcXZ dc i]Z gZedgiZY ;KA dg^\^ch x Ld

hZkZgVa Vgi^XaZh egdk^Y^c\ Zk^YZcXZ [dg V h^c\aZ ;KA dg^\^c bVn WZ Y^hXjhhZY

id\Zi]Zg) CcYZZY' 22 %24 ^c i]Z gZk^hZY kZgh^dc& gZ[ZgZcXZh VgZ X^iZY ^c

hjeeaZbZciVgn [^aZ ,) BdlZkZg' i]ZhZ Yd cdi dcan XdciV^c i]Z Vgi^XaZh gZedgi^c\

dg^\^ch' Wji Vahd Vgi^XaZh gZedgi^c\ ZmegZhh^dc d[ i]Z gZheZXi^kZ ;KAh ^c Wdi]

i]Z^g dg^\^c VcY bdW^aZ \ZcZi^X ZaZbZcih %^[ i]Vi ^c[dgbVi^dc lVh VkV^aVWaZ&'

hVbeaZh [gdb l]^X] Y^[[ZgZci \ZcZgV*heZX^Zh ]VkZ WZZc ^YZci^[^ZY' ZXi)' Vh i]ZhZ

YZiV^ah VgZ Vahd Y^hXjhhZY ^c hjeeaZbZciVgn [^aZ ,)

Cc djg de^c^dc' i]Z Y^[[^Xjain d[ ^YZci^[n^c\ i]ZhZ Vgi^XaZh ]^\]a^\]ih i]Z cZZY

[dg V XdaaZXiZY gZhdjgXZ d[ hjX] Vgi^XaZh' l]^X] lZ' Vbdc\ djg di]Zg gZhjaih' V^b

id egdk^YZ ]ZgZ)

PZ Vahd VYYZY V h]dgi VWhigVXi id i]Z gZhjaih hZXi^dc %a^cZ ,0/(,01& YZhXg^W^c\

i]Z cjbWZg d[ Vgi^XaZh ^YZci^[^ZY VcY gZiV^cZY %vIjg a^iZgVijgZ hZVgX] n^ZaYZY

../- Vgi^XaZh) ;[iZg hXgZZc^c\ d[ Vaa ]^ih %^cXajY^c\ i]Z gZ[ZgZcXZh d[ Vgi^XaZh

YZZbZY gZaZkVci&' /. Vgi^XaZh egdk^Y^c\ Zk^YZcXZ [dg \Zcjh dg heZX^Zh dg^\^ch d[

Vc ;KA lZgZ gZiV^cZY [dg [jgi]Zg VcVanh^h)w&)

PZ VgZ cdi ,++$ hjgZ i]Vi lZ jcYZghiddY i]Z fjZhi^dc) C[ i]Z gZk^ZlZg gZ[Zgh id

]dl d[iZc Vgi^XaZh Vhh^\cZY dg^\^c heZX^Zh ^c l]^X] i]ZgZ lZgZ cd VhhdX^Vi^dch d[

i]Z ;KA l^i] GA?h' bdhi ]VY \ZcZgVaan cd hjX] VhhdX^Vi^dc %c8.,&' Wji V [Zl %c80&

egdedhZY dg^\^ch Y^Y) Gdhi d[ i]ZhZ ;KAh %c8/& lZgZ Vbdc\ i]dhZ lZgZ lZ [djcY

i]ZgZ lVh cdi hj[[^X^Zci Zk^YZcXZ id YZ[^cZ V gZXZci dg^\^c)

PZ ]VkZ VYYZY V XdYZ VkV^aVW^a^in hiViZbZci id i]Z gZk^hZY bVcjhXg^ei ^c a^cZ /1,(

/1/) M]Z e^eZa^cZ VcY jhV\Z ^chigjXi^dch VgZ VkV^aVWaZ [dg gZk^Zl Vi

]iieh5**\^i]jW)Xdb*?WbZnZgLi*;KAUadX^UXdbeVgVi^kZUe^eZa^cZ %PZ gZXdbbZcY [daadl^c\

i]Z ijidg^Va egdk^YZY Vi

]iieh5**\^i]jW)Xdb*?WbZnZgLi*;KAUadX^UXdbeVgVi^kZUe^eZa^cZ*l^`^*Mjidg^Va&)P]^aZ lZ



d[ XdjghZ lVci id WZ XdbeaZiZan igVcheVgZci l^i] ]dl lZ eZg[dgbZY djg VcVanhZh'

lZ lVci id Zbe]Vh^oZ i]Vi lZ Yd cdi ViiZbei id egdk^YZ V jhZg([g^ZcYan' egdYjXi^dc

aZkZa hd[ilVgZ ^c i]^h bVcjhXg^ei) M]Z i^bZ ^i ldjaY iV`Z id bV`Z i]Z XdYZ

tegdYjXi^dc gZVYnu ldjaY WZ 93 bdci]h' VcY i]Z VYY^i^dcVa YZhXg^ei^dch gZfj^gZY

ldjaY ZmXZZY i]Z hXdeZ d[ i]^h bVcjhXg^ei)

PZ ]VkZ X]Vc\ZY tcdkZau id tgZXZcian X]VgVXiZg^oZYu ^c i]Z gZheZXi^kZ a^cZ' id

Vkd^Y b^hjcYZghiVcY^c\h) M]Z gZXZcian X]VgVXiZg^oZY ;KAh FG<(,' @dh;3' @dhF %l]^X]

^h cdi d[ gZaZkVcXZ [dg i]^h eVeZg' Wji V eVgi d[ i]Z YViVWVhZ& VcY AJ=(, lZgZ

dg^\^cVaan ^YZci^[^ZY [gdb eaVhb^Yh d[ Xa^c^XVa ^hdaViZh gZh^hiVci id i]Z

gZheZXi^kZ Vci^W^di^X XaVhh) PZ dWiV^cZY VXXZhh^dc cjbWZgh [gdb i]Z dg^\^cVa

Vgi^XaZh %gZ[ZgZcXZY ^c hjeeaZbZciVgn [^aZ ,&)

PZ jhZY Vaa egdiZ^c hZfjZcXZh XdciV^cZY ^c =;K>h egdiZ^c ]dbdad\ bdYZa' ^c dgYZg

id Vkd^Y ^cXajY^c\ gZh^hiVcXZ bjiVi^dch' igVchXg^ei^dc [VXidg hZfjZcXZh ZXi' l]^X]

Vahd VgZ XdciV^cZY ^c =;K>) PZ ]VkZ VYYZY i]^h ^c[dgbVi^dc VcY i]Z gZheZXi^kZ

kZgh^dc =;K> Vi a^cZ 4/(42 ^c i]Z bVcjhXg^ei) @dg KZh@^cYZg' lZ Y^Y cdi jhZ i]Z

egdk^YZY KZh@^cYZg e^eZa^cZ' Wji dcan i]Z YViVWVhZ [^aZh' l]^X] VgZ cdi XaZVgan

kZgh^dcZY id i]Z WZhi d[ djg `cdlaZY\Z) M]ZgZ[dgZ lZ ]VkZ VYYZY i]Z YViZ lZ

YdlcadVYZY i]Z YViVWVhZ) PZ egdk^YZ i]Vi ^c[dgbVi^dc cdl Vi a^cZ 4.(42 d[ i]Z

bVcjhXg^ei %vS)))ThZfjZcXZh [gdb =;K>h
,3

egdiZ^c ]dbdad\ bdYZa %k.)+)0' YdlcadVYZY

LZeiZbWZg -+,4' gZXZcian X]VgVXiZg^oZY ;KAh FG<(,' @dh;3' @dhF VcY AJ=(, lZgZ

bVcjVaan VYYZY& lVh bVeeZY V\V^chi i]Z KZh[^cYZg YViVWVhZ
,4

%YdlcadVYZY LZeiZbWZg

-+,4& jh^c\ >C;GIH> Vi V 44$ ^YZci^in i]gZh]daY VcY V 4+$ fjZgn XdkZgV\Z

Xjid[[w&)

M]Z gZhjai^c\ YViVWVhZ ^h i]Z ^ciZghZXi^dc d[ =;K>h egdiZ^c ]dbdad\ bdYZa VcY

KZh@^cYZg Wn Va^\cbZci jh^c\ >C;GIH> Vi V 44$ ^YZci^in i]gZh]daY dkZg 4+$ d[ i]Z



hZfjZcXZ aZc\i]) M]^h lVh YdcZ ^c dgYZg id XgZViZ V YViVWVhZ XdciV^c^c\ dcan

bdW^aZ ;KAh %Vh KZh@^cYZg V^bh id egdk^YZ& l^i] V XaZVg VcY higjXijgZY cVb^c\ d[

ZVX] hZfjZcXZ %Vh egZhZci ^c =;K>&)

RZh' 3+$ fjZgn XdkZgV\Z Xjid[[) PZ ]VkZ cdl XaVg^[^ZY i]^h ^c a^cZ 42(44 ^c i]Z

gZk^hZY bVcjhXg^ei %v) Nh^c\ i]Z gZhjai^c\ YViVWVhZ' Vaa \ZcdbZh VcY eaVhb^Yh

lZgZ hZVgX]ZY [dg i]Z ;KAh jh^c\ >C;GIH> WaVhim k+)4)-/),-0 l^i] V 2+$ ^YZci^in

Xjid[[ VcY Vc 3+$ fjZgn XdkZgV\Z Xjid[[w&)

M]Z Xg^iZg^V [dg VccdiVi^c\ ;KAh VgZ gZaVmZY dc ejgedhZ) ; 2+$ ^YZci^in VcY 3+$

fjZgn XdkZgV\Z Xjid[[ Vaadlh jh id ^ckZhi^\ViZ l]Zi]Zg \ZcZh i]Vi VgZ bdgZ

Y^hiVcian gZaViZY %982+$ Vb^cd VX^Y ^YZci^in& id V XZgiV^c ;KA VgZ egZhZci ^c iVmV

XadhZan gZaViZY id i]Z hjheZXiZY dg^\^c' i]jh hjeedgi^c\ V adc\(hiVcY^c\

VhhdX^Vi^dc d[ i]Z gZheZXi^kZ ;KA l^i] i]Z gZheZXi^kZ \ZcjhuX]gdbdhdbZ %Z)\ i]Z

;ZgdbdcVh ;be=
.'/

' fcg< ^c =^igdWVXiZg
0
&);aa ]^ih l^i] V hZfjZcXZ h^b^aVg^in 982+$

Vb^cd VX^Y ^YZci^in id i]Z gZheZXi^kZ ;KA lZgZ ^cXajYZY' ^ggZheZXi^kZ d[ iVmdc) PZ

]VkZ cdl XaVg^[^ZY i]^h ^c a^cZ 44(,++ %vM]^h gZaVmZY Xjid[[ lVh jhZY ^c dgYZg id

Vahd ^YZci^[n ediZci^Vaan gZaViZY \ZcZh ^c di]Zg iVmVw&) PZ lZgZ ^cig^\jZY Vh

lZaa id [^cY i]Vi Vaa dg^\^c heZX^Zh lZgZ JgdiZdWVXiZg^V' 40$ egZk^djhan

VhhdX^ViZY l^i] ^c[ZXi^dc d[ ]jbVch VcY*dg YdbZhi^X Vc^bVah)

PZ i]Vc` i]Z gZk^ZlZg [dg ed^ci^c\ dji i]Vi lZ b^hhZY id YZhXg^WZ i]^h Xg^iZg^dc)

;h g^\]ian ed^ciZY dji' h]dgi hZfjZcXZh bVn aVX` id egdk^YZ ^c[dgbVi^dc dc

bdW^a^in*cdc(bdW^a^in) PZ i]ZgZ[dgZ ZmXajYZY Vaa Xdci^\h %dc l]^X] ;KAh ]VY WZZc

^YZci^[^ZY& l^i] aZhh i]Vc 1 IK@h) PZ cdl YZhXg^WZ i]^h ^c a^cZ ,+0(,+2 d[ i]Z

gZk^hZY bVcjhXg^ei %v) Md gZYjXZ i]Z cjbWZg d[ jc^c[dgbVi^kZ hZfjZcXZh %l^i]

gZ\VgYh id bdW^a^in*cdc(bdW^a^in& [dg [jgi]Zg VcVanh^h' hZfjZcXZh XdciV^c^c\ aZhh

i]Vc 1 egZY^XiZY IK@h lZgZ ZmXajYZYw&)



PZ Vedad\^oZ [dg cdi YZhXg^W^c\ i]Z jhZY eVgVbZiZgh egZk^djhan) @VhiMgZZ k-),)4

lVh jhZY jh^c\ V \ZcZgVa^oZY i^bZ gZkZgh^WaZ bdYZa l^i] YZ[Vjai =;M Veegdm^bVi^dc

%-+&) PZ ]VkZ cdl VYYZY i]Z jhZY eVgVbZiZgh id i]Z gZk^hZY bVcjhXg^ei Vi a^cZ ,-2(

,-3 %vS)))TV e]nad\ZcZi^X igZZ lVh XgZViZY jh^c\ @VhiMgZZ k-),)4
-/

%\ig bdYZa'

YZ[Vjai =;M Veegdm^bVi^dc&w&) LdbZ \ZcZh %Z)\ =MQ(G' LBO& VgZ [djcY dc 9-+++

jc^fjZ adX^x bV`^c\ cdc(Veegdm^bViZ bVm^bjb a^`Za^]ddY bZi]dYh jc[ZVh^WaZ YjZ id

i]Z XdbejiVi^dcVa i^bZ cZZYZY) M]Z e]nad\Zc^Zh lZgZ XgZViZY WVhZY dc i]Z Va^\cbZci

d[ i]Z XdbeaZiZ hZfjZcXZh hjggdjcY^c\ i]Z ;KA %je id -+`We&' VcY VgZ eVgi d[ i]Z

XdYZ jhZY [dg k^hjVa^o^c\ i]Z \ZcZi^X XdciZmih d[ ZVX] hZfjZcXZ XdciV^c^c\ Vc ;KA

x l]ZgZ i]Z igZZ hZgkZh Vh VcX]dg [dg eaVX^c\ hZfjZcXZh ^c V XZgiV^c dgYZg ^c i]Z

[^cVa k^hjVa^oVi^dc %Vh Wg^Z[an YZhXg^WZY ^c a^cZ ,-4(,., ^c i]Z gZk^hZY

bVcjhXg^ei' hZZ VchlZg id cZmi XdbbZci&) M]ZgZ[dgZ' i]ZhZ igZZh Wn i]ZbhZakZh VgZ

]VgY id ^ciZgegZi %ZheZX^Vaan ^[ aVg\Z X]jc`h d[ i]Z dg^\^c X]gdbdhdbZ ]VkZ WZZc

bdW^a^oZY' kZgn h]dgi hZfjZcXZh VgZ egZhZci' dg i]Z dg^\^c heZX^Zh Vahd XdciV^ch V

eaVhb^Y l^i] i]Z gZheZXi^kZ bdW^aZ ;KA&' VcY Yd cdi Xdcig^WjiZ Zk^YZcXZ i]Vi ^h

cdi Vahd egdk^YZY Wn i]Z XdbeVgVi^kZ VcVanh^h %Wdi] hnciZcn VcY cjXaZdi^YZ

^YZci^in&) Md Vkd^Y ediZci^Vaan Xdc[jh^c\ i]Z gZVYZg' lZ YZX^YZY id cdi ^cXajYZ

i]dhZ e]nad\Zc^Zh ^c i]Z bVcjhXg^ei) M]Zn XVc ]dlZkZg WZ gZegdYjXZY Wn i]Z

egdk^YZY XdYZ)

M]Z hnciZcn [^\jgZh [dg ZVX] \ZcZ VgZ _jhi V [^ghi hiZe ^c i]Z XdbeVgVi^kZ \Zcdb^X

VcVanh^h) M]dj\] i]Zn V^Y ^c k^hjVa XdbeVg^hdc d[ ;KA adX^ [gdb Y^[[ZgZci \ZcdbZh'

]Zae^c\ id YZX^YZ l]^X] \ZcdbZh id VcVanoZ bdgZ XadhZan' i]Zn VgZ cdi eZg[ZXi x

iVmdcdb^X b^hXaVhh^[^XVi^dch VgZ Xdbbdc ^c AZcWVc`' VcY VhhZbWan Zggdgh bVn bV`Z

IK@h jcgZXd\c^oVWaZ [dg Z)\ iddah egZY^Xi^c\ egdiZ^c XdY^c\ \ZcZh) M]jh' l]^aZ

jhZ[ja [dg dg^ZciVi^dc' XVgZ[ja bVcjVa gZk^h^dc VcY VcVanh^h d[ i]Z hZfjZcXZh

jcYZgan^c\ i]ZhZ hnciZcn [^\jgZh %jh^c\ Z)\ bVcjVa WaVhi' CL@^cYZg ZiX& ^h cZZYZY

^c dgYZg id Vgg^kZ Vi V XdcXajh^dc VWdji Vc dg^\^c' Vh YZhXg^WZY ^c i]Z bViZg^Va

VcY bZi]dY hZXi^dc d[ i]Z bVcjhXg^ei) M]Z h]ZZg cjbWZg d[ ;KA adX^ [dg XZgiV^c

\ZcZh %Z)\ =MQ(G ^h egZhZci ^c 9-0+++ \ZcdbZh*eaVhb^Yh VcY ^c 9-1++ jc^fjZ adX^&



bV`Zh i]ZhZ [^\jgZh jchj^iVWaZ id dg^Zci V gZVYZg l]d ^h jc[Vb^a^Vg l^i] i]Z

heZX^[^X ;KA(adXjh) PZ cdl egdk^YZ VXXZhh id i]Z hnciZcn [^\jgZh Vi

]iieh5**[^\h]VgZ)Xdb*Vgi^XaZh*[^\jgZ*;KAUhnciZc^Zh*,.+3/00. %id\Zi]Zg l^i] V h]dgi

K?;>G?)imi [^aZ' egdk^Y^c\ VYY^i^dcVa ZmeaVcVi^dch&' l]^X] Vahd VgZ gZegdYjX^WaZ

Wn i]Z egdk^YZY XdYZ %\^kZc hj[[^X^Zci XdbejiVi^dcVa gZhdjgXZh&)

PZ VgZ ]Veen VWdji i]Z gZk^ZlZghu VeegZX^Vi^dc) Cc gZhedchZ id i]^h XdbbZci' lZ

]VkZ XaVg^[^ZY djg YZ[^c^i^dc d[ tgZXZci dg^\^cu^c a^cZ ,03(,1- d[ i]Z gZk^hZY

bVcjhXg^ei %vS)))TlZ jhZ i]Z iZgb '

w&)

PZ Vahd [^cY i]^h ^ciZgZhi^c\ VcY i]^c` bdgZ gZhZVgX] dc l]Vi bV`Zh V ediZci^Va

;KA tXdbeVi^WaZu l^i] Y^[[ZgZci heZX^Zh ^h cZZYZY)

C[ i]Z bdW^a^oVi^dc d[ i]Z ;KA lVh Vc Zkdaji^dcVgn gZXZci ZkZci' lZ VgZ edh^i^kZ

i]Vi djg Xg^iZg^V ldjaY Vahd WZ Veea^XVWaZ djih^YZ d[ JgdiZdWVXiZg^V) JVladlh`^ Zi

Va -+,1 h]dl i]Vi i]Z \ZcZi^X XdciZmi d[ =eV;(a^`Z ZconbZh %[^\jgZ 0X' VeeZcYZY

WZadl& ^h id hdbZ ZmiZci XdchZgkZY WZilZZc i]Z Y^[[ZgZci JVZc^WVX^aajh ^hdaViZh'

l]ZgZVh i]Z \ZcZi^X XdciZmi d[ OViC(a^`Z ZconbZh ^h dcan XdchZgkZY WZilZZc

^hdaViZh i]Vi VgZ bdgZ XadhZan gZaViZY id dcZ Vcdi]Zg %M]Z ZmXZei^dc WZ^c\ J)

aVXi^h VcY J) he) F=-.,' l]^X] ^h ejooa^c\ \^kZc i]Z YZ\gZZ d[ ;KA XdchZgkVi^dc x



l]Vi Yd di]Zg \ZcdbZh kZgn XadhZan gZaViZY id i]ZhZ dcZh add` a^`Z:&) BdlZkZg'

l]Zc add`^c\ Vi i]Z XdchZgkVi^dc d[ Wdi] ZconbZh' [^\jgZ %0V& h]dlh i]Vi =eV;(a^`Z

ZconbZh dkZgVaa VeeZVg bdgZ XdchZgkZY WZilZZc Y^[[ZgZci heZX^Zh XdbeVgZY id OViC(

a^`Z ZconbZh x M]jh ^i ^h cdi hjgeg^h^c\ i]Vi i]Z \ZcZi^X XdciZmih d[ =eV;(a^`Z

ZconbZh VgZ bdgZ XdchZgkZY WZilZZc heZX^Zh i]Vc i]Z XdciZmih d[ OViC(a^`Z ZconbZh)

C[ lZ cdl ^bV\^cZ =eV; [gdb JVZc^WVX^aajh aVXi^h WZ^c\ bdW^a^oZY Wn Z)\ CL=K,' djg

Xg^iZg^V ldjaY ]daY igjZ' Vahd cjbWZg [^kZ) C[ OViC lVh id WZ bdW^a^oZY [gdb J)

aVXi^h Wn CL=K,' djg e^eZa^cZ ldjaY cdi ZkZc YZiZXi i]Z OViC(a^`Z ZconbZh ^c bdhi

JVZc^WVX^aajh heZX^Zh %ZmXZei J)aVXi^h VcY J) he) F=-.,& gZ[ZgZcXZY ^c [^\jgZ 0'

WZXVjhZ i]Zn VgZ idd Y^hh^b^aVg ^c Vb^cd VX^Y ^YZci^in [gdb i]Z gZ[ZgZcXZ J)

aVXi^h OViC %72+$&' ^cY^XVi^c\ i]Vi i]ZhZ ZconbZh ]VkZ Y^kZg\ZY [gdb i]Z cZlan

bdW^a^oZY \ZcZ ^c bdgZ VcX^Zci i^bZh) IkZgVaa' [^\jgZ 0 h]dlh i]Vi bdgZ XadhZan

gZaViZY heZX^Zh ]VkZ h^b^aVg ;KA(adX^ %kVg^Vi^dc WZilZZc heZX^Zh id hdbZ ZmiZci ^h

ZmeZXiZY' Vcdi]Zg \ddY ZmVbeaZ ldjaY WZ i]Z ;ZgdbdcVh ;be=(adXjh
.'/

) M]jh' ^[

bdW^a^oVi^dc d[ i]Z ;KA ^h gZXZci' djg Xg^iZg^V ldjaY Vahd ]daY igjZ djih^YZ

JgdiZdWVXiZg^V) PZ Y^hXjhh i]Z XVhZ d[ cdc(gZXZci bdW^a^oVi^dc VcY BAM ^c a^cZ

.4-(.44 d[ i]Z gZk^hZY bVcjhXg^ei)

;h g^\]ian fjZhi^dcZY Wn i]Z gZk^ZlZg' t^cYZeZcYZci heZX^Zh*higV^chu ^h

Xdc[jh^c\ ^c i]^h [dgbjaVi^dc' hd lZ gZbdkZY ^i)



PZ V\gZZ l^i] i]Z gZk^ZlZgh XdbbZci VcY ]VkZ VYYZY i]^h gZ[aZXi^dc ^c a^cZ --1(--3

d[ i]Z gZk^hZY bVcjhXg^ei %vHdcZ d[ i]Z ]ZgZ gZedgiZY gZXZci dg^\^ch VgZ `cdlc

Vci^W^di^X egdYjXZgh %i]dj\] i]^h lVh ZmeZXiZY [dg Z)\) i]Z dg^\^ch d[ \ZcZh'

Vh [ajdgdfj^cdadcZh VgZ hnci]Zi^X Vci^W^di^Xh cdi egdYjXZY ^c cVijgZ&w&)



CcYZZY' l]Zc add`^c\ Vi i]Z idiVa cjbWZg d[ \ZcdbZh ^c AZcWVc`' i]Z bV_dg^in ^h

YZg^kZY [gdb eVi]d\Zch) P]Zc add`^c\ Vi i]Z cjbWZg d[ jc^fjZ heZX^Zh ]dlZkZg' i]Z

h^ijVi^dc ^h Y^[[ZgZci) ;h YZhXg^WZY ^c i]Z gZhjaih d[ djg dkZggZegZhZciVi^dc

VcVanh^h %a^cZ -/+(-/0&' d[ ,++ gVcYdban hVbeaZY egdiZdWVXiZg^Va heZX^Zh dcan -/

]VY WZZc gZedgiZY ^c ^c[ZXi^dch d[ ]jbVch dg Vc^bVah ^c i]Z a^iZgVijgZ' l]ZgZVh 21

]VY cdi) BdlZkZg' dji d[ -- heZX^Zh dg^\^ch' -, ]VkZ WZZc gZedgiZY ^c ^c[ZXi^dc)

;h YZhXg^WZY ^c a^cZ -/+(-/0' heZX^Zh i]Vi XVc XVjhZ ^c[ZXi^dc VgZ i]jh bjX] bdgZ

[gZfjZcian i]Z dg^\^c d[ Vc ;KA i]Vc ldjaY WZ ZmeZXiZY Wn gVcYdb X]VcXZ"

PZ V\gZZ id i]Z gZk^ZlZgh XdbbZci VcY ]VkZ bdY^[^ZY i]Z gZheZXi^kZ hZciZcXZ VcY

gZeaVXZY tXdggZXi YZiZgb^cVi^dchul^i]thigdc\ Zk^YZcXZu)

PZ i]^c` i]Vi [^cY^c\ i]Z dg^\^c d[ gZh^hiVcXZ \ZcZh ^h d[iZc V fjZhi^dc d[ \ZcdbZ

VkV^aVW^a^in VcY ]nedi]Zh^oZ i]Vi i]Z bdgZ heZX^Zh VgZ X]VgVXiZg^oZY VcY

hZfjZcXZY' i]Z bdgZ dg^\^ch %VcY bdgZ egZX^hZ' Z)\ heZX^Zh gVi]Zg i]Vc \Zcjh& lZ

l^aa [^cY) M]Z aVX` d[ VkV^aVWaZ lZaa XaVhh^[^ZY \ZcdbZh ^h ^c djg ZmeZg^ZcXZ i]Z

\gZViZhi [VXidg egZkZci^c\ ^c[ZgZcXZ d[ dg^\^ch x @dg hZkZgVa heZX^Zh i]Vi dcan

]VkZ Vc dg^\^c \Zcjh Vhh^\cZY i]Z ;KA(kVg^Vcih [djcY ^c i]Z X]gdbdhdbZh d[

ediZci^Va dg^\^ch VgZ Z^i]Zg idd Y^kZg\Zci [gdb i]Z bdW^aZ ;KA ^c hZfjZcXZ

^YZci^in id Xdc[^YZcian Vhh^\c Vc dg^\^c %Z)\ AJ=(,*<E=(, [gdb L]^cZaaV hee) x

P]^aZ AJ=(,*<E=(,(a^`Z ZconbZh VgZ egZhZci ^c Vaa ,1 id YViZ VkV^aVWaZ L]^cZaaV

hee \ZcdbZh' hnciZcn Vi i]Z adXjh ^h XdchZgkZY ZXi)' i]Z XadhZhi kVg^Vci ^c

L]^cZaaV ^h 4.$ ^YZci^XVa id bdW^aZ AJ=(,) @gdb l]Vi lZ dWhZgkZ ^c di]Zg ;KAh

l]ZgZ lZ VgZ Xdc[^YZci VWdji i]Z dg^\^c' i]^h ^h Zcdj\] id Vhh^\c i]Z dg^\^c

\Zcjh' Wji cdi i]Z heZX^Zh"&'dg i]Z heZX^Zh XaVhh^[^XVi^dc l^i]^c i]Z \Zcjh ^h

^chj[[^X^Zci WZXVjhZ d[ ^ih cdkZain%Z)\ J?K kVg^Vcih [gdb JVgVg]Z^c]Z^bZgV hee)x

Vi i]Z i^bZ d[ ejWa^h]^c\' dcan . J?K(edh^i^kZ JVgVg]Z^c]Z^bZgV \ZcdbZh l^i]

jcXdc[^gbZY heZX^Zh cVbZh lZgZ VkV^aVWaZ %bVm 41$ cjXaZdi^YZ ^YZci^in id J?K&)

Hdl' cZVgan ild nZVgh aViZg' bdgZ \ZcdbZh i]Vi [jgi]Zg Xdc[^gb i]^h dg^\^c ]VkZ

WZZc bVYZ VkV^aVWaZ&) C[ Vc ;KA ]Vh V gZXZci dg^\^c VcY i]Z dg^\^ch \ZcdbZ ^h

VkV^aVWaZ' ^i h]djaY WZ edhh^WaZ id ^YZci^[n ^i l^i] ]Zae d[ i]Z ]ZgZ [dgbjaViZY



Xg^iZg^V ^cYZeZcYZci d[ i]Z ;KAh hZfjZcXZ Y^kZgh^in dg ]dl [Vg i]Z ;KA ]Vh

egda^[ZgViZY djih^YZ ^ih dg^\^c iVmdc %hZZ Z)\) =MQ(G
1
&)

PZ i]Vc` i]Z gZk^ZlZg [dg ed^ci^c\ dji i]^h ine^c\ Zggdg VcY ]VkZ cdl XdggZXiZY

^i)

PZ cdi^XZY i]Vi lZ ]VY egZk^djhan b^hhZY id YZhXg^WZ V XajhiZg^c\ hiZe ^c djg

k^hjVa^oVi^dc e^eZa^cZ i]Vi ^h ^beaZbZciZY ^c dgYZg id gZYjXZ i]Z Vbdjci d[

Y^heaVnZY hZfjZcXZh) PZ cdl YZhXg^WZ i]^h hiZe ^c a^cZ ,-0(,-2 %vMd gZYjXZ i]Z

cjbWZg d[ hZfjZcXZh id k^hjVa^oZ' Yjea^XViZh lZgZ gZbdkZY) M]Z gZbV^c^c\ ZmigVXiZY

hZfjZcXZh lZgZ i]Zc XajhiZgZY Vi V 40$ cjXaZdi^YZ ^YZci^in i]gZh]daY jh^c\ NL?;K=B

k3)+),//0
--
) M]Z gZhjai^c\ XZcigd^YhS)))Tw&)

PZ ]VkZ VY_jhiZY @^\jgZ , VXXdgY^c\an %tWj VYY^c\ NL?;K=B id i]Z [^\jgZu&' VcY

[jgi]ZgbdgZ gZeaVXZY tK;mGF*@^\igZZul^i] t@VhiMgZZu' Vh tK;mGF*@^\MgZZu lVh

WVhZY dc V egZk^djh kZgh^dc d[ i]Z jhZY e^eZa^cZ)



@^\),5 =dbeVgVi^kZ \Zcdb^Xh ldg`[adl VcY iddah*YViVWVhZh jhZY [dg VbZcYbZci VcY

hXgji^c^oVi^dc d[ egdedhZY dg^\^ch d[ ;KAh)

PZ ]VkZ X]Vc\ZY i]Z YViVWVhZ jhZY [dg i]Z dkZggZegZhZciVi^dc VcVanh^h [gdb H=<C

iVmdcdbn id AZcWVc` VhhZbWan ^c dgYZg id WZ XdchZgkVi^kZ VcY ^cXajYZ dcan heZX^Zh

l^i] ejWa^Xan VkV^aVWaZ \ZcdbZh ^c i]Z VcVanh^h) M]^h X]Vc\Zh i]Z XdciZcih d[

hjeeaZbZciVgn [^aZ -' [^\jgZ / VcY i]Z gZhjaih d[ @^h]Zgh ZmVXi iZhi ^c a^cZ -.4
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ZmVXi iZhi dYYh gVi^d5 11)0' e8.),.Z(,+)

PZ ]VkZ [jgi]ZgbdgZ ^YZci^[^ZY Vc Vgi^XaZ hj\\Zhi^c\ Vc dg^\^c [dg i]Z bdW^aZ

%egZk^djhan XVaaZY & \ZcZ ^c ) PZ ]VkZ VYYZY i]Z

Vgi^XaZ id djg VcVanh^h %h]dlc ^c iVWaZ , VcY hjeeaZbZciVgn [^aZ ,&)

PZ ]VkZ Vahd VYYZY V YViV VkV^aVW^a^in hiViZbZci %/01(/04& VcY V XdYZ VkV^aVW^a^in

%a^cZ /1+(/1/& hiViZbZci Vi i]Z ZcY d[ i]Z bVcjhXg^ei)



,) ?cVjai @' <g^Zi ;' <djiZ^aaZ F' Kdjm L' Ljaa^kVc G<' JZi^i G;) J]V\Zh gVgZan
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REVIEWERS' COMMENTS: 

Reviewer #2 (Remarks to the Author): 

I found all of my comments to be thoroughly addressed and think that the revised manuscript is 

significantly improved in its clarity. I do think it might be worthwhile for the authors to read and 

possibly incorporate/discuss (potentially in the context of line ~373) Jiang et al 2017 Nat Comm 

"Dissemination of antibiotic resistance genes from antibiotic producers to pathogens" (though it is 

possible the authors have already done this and I missed it). 

Aside from this I only noted a few typographical errors and think the manuscript is in very good 

shape. 

Line 108 less -> fewer 

Line 222 tetX -> TetX 

Line 293 need an 'is' in there 

Line 302 has -> have 

Line 336 an ARG -> a mobilizable ARG 

Line 370 manynovel -> many novel 

Line 399 Delete one instance of 'often' 

Reviewer #3 (Remarks to the Author): 

Having read the revised manuscript from Ebmeyer et al I would like to express appreciation for the 

effort the authors put into their revisions. The additional details, particularly to the methods and 

provision of the pipeline will clearly help readers follow along/reproduce this work. 

Specific comments related to numbered points in the rebuttal: 

10-11. I think these answers, in combination with the response to point 4 for referee #2, 

adequately clears up some confusion about the work the word ‘origin’ is performing – to recognize 

an ARG’s origin as a mobilized element vs where (and when) an ARG first arises. Literature 

claiming ‘origins’ sometimes rely on preconceived notions of the direction in which genes move. If 

the perception is that a pathogen species is the destination of an ARG, sometimes the non-

pathogen species is automatically considered the origin even in cases where the gene is not 

associated with a mobile element. 

12. I appreciate that no claim was made for the presentation of production quality software, but in 

as far as the logic of the methods are represented by steps in software I find it sometimes easier 

to follow along, so much thanks. 

17. As referee #2 raised the same issue in point 3, it seems clear to me this is a bias towards the 

increased diversity and attention paid to Proteobacteria in the sequence databases. 

20. This was a lot of work, and I appreciate this greatly, thank you. 



Reviewer #2 (Remarks to the Author): 

1. I found all of my comments to be thoroughly addressed and think that the revised manuscript is 

significantly improved in its clarity. I do think it might be worthwhile for the authors to read and 

possibly incorporate/discuss (potentially in the context of line ~373) Jiang et al 2017 Nat Comm 

"Dissemination of antibiotic resistance genes from antibiotic producers to pathogens" (though it is 

possible the authors have already done this and I missed it). 

We are glad to see that the reviewer is happy with our revisions. In response to this comment, we 

have incorporated a short discussion on the results of the mentioned study in line 227-232.  

2. Aside from this I only noted a few typographical errors and think the manuscript is in very good 

shape. 

Line 108 less -> fewer 

Line 222 tetX -> TetX 

Line 293 need an 'is' in there 

Line 302 has -> have 

Line 336 an ARG -> a mobilizable ARG 

Line 370 manynovel -> many novel 

Line 399 Delete one instance of 'often' 

We are thankful the reviewer pointed out these errors and have corrected them.  

Reviewer #3 (Remarks to the Author): 

Having read the revised manuscript from Ebmeyer et al I would like to express appreciation for the 

effort the authors put into their revisions. The additional details, particularly to the methods and 

provision of the pipeline will clearly help readers follow along/reproduce this work. 

Specific comments related to numbered points in the rebuttal: 

3.  

10-11. I think these answers, in combination with the response to point 4 for referee #2, adequately 

clears up some confusion about the work the word ‘origin’ is performing – to recognize an ARG’s 

origin as a mobilized element vs where (and when) an ARG first arises. Literature claiming ‘origins’ 

sometimes rely on preconceived notions of the direction in which genes move. If the perception is 

that a pathogen species is the destination of an ARG, sometimes the non-pathogen species is 

automatically considered the origin even in cases where the gene is not associated with a mobile 

element. 

We are happy that the reviewer thinks that the clarity of our definition is adequately cleared up. We 

thank once again for this important comment. 



4.

12. I appreciate that no claim was made for the presentation of production quality software, but in as 

far as the logic of the methods are represented by steps in software I find it sometimes easier to 

follow along, so much thanks.

We are glad the reviewer is content with our provided code.

5.

17. As referee #2 raised the same issue in point 3, it seems clear to me this is a bias towards the 

increased diversity and attention paid to Proteobacteria in the sequence databases. 

Indeed, and we address the bias towards proteobacterial species in Genbank in line 224-227 in the 

revised manuscript. 

6. 

20. This was a lot of work, and I appreciate this greatly, thank you. 

We are happy the reviewer appreciates our effort and are in turn grateful for the reviewers’ 

constructive comments on the manuscript. 


